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Part I
Introduction



Chapter 1
Towards Sustainable Living

Arjan van Timmeren and David V. Keyson

Abstract The availability of technologies in our living environment offers a new
approach to the study of the interaction between people and the built environment
in the context of living labs. The living lab scenario can be viewed as a concer-
tino of action as it unfolds, drawing on available material, cognitive, affective and
social resources. Five phases of the translation of cognition into ‘ecological ration-
ality’ can be distinguished: control, adaptation, learning, improvement (evolution/
innovation), change with feedback. The overall challenge facing society today is
to achieve and maintain a suitable quality of life, while reducing to a sustainable
level the environmental burden to which our activities give rise.

Keywords Living lab + Sustainable living

1.1 Introduction: Toward Sustainable Living

A central challenge in the 21st century is to achieve sustainable living, while
respecting the natural boundaries and resources of our planet. The increased
deployment of technologies in our living environment offers a new approach to the
study of the interaction between technology, the built environment and the con-
ception and feed back loops of human centered solutions towards new ways of
sustainable living. The way we describe and understand our living environments
is being radically transformed, as are the tools we use to design, plan, and manage
them. A new field of research and development in applied technology is emerging
at the crossroads of the physical and digital sides of the built domain.

A. van Timmeren - D.V. Keyson (<))
Delft University of Technology, Delft, The Netherlands
e-mail: d.v.keyson @tudelft.nl

A. van Timmeren
e-mail: a.vantimmeren @ tudelft.nl
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4 A. van Timmeren and D.V. Keyson

This new field focuses on the creation of unique, contemporary and vibrant
shared environments for discovery and innovation. The SusLabNWE (Sustainable
Labs North-Western Europe) European project featured in this book, is a front-
line initiative in developing Living Lab physical infrastructures in North West
Europe, as well as methods and techniques for user engagement. Initiatives such
as the SusLab project focus on ways to improve the way we live, towards a more
sustainable, efficient and comfortable way, and to find and support alternative,
more sustainable possibilities for the design and/or the arrangement of our living
environments regarding any uncertainties or potential unexpected incidents, while
promoting subconscious strategies, incorporating aspects of improvisation, and
gaining collaborative experience.

The living lab scenario can be viewed as a concertino of action as it unfolds,
drawing on available material, cognitive, affective and social resources. Five
phases of the translation of cognition into ‘ecological rationality’ can be distin-
guished: control, adaptation, learning, improvement (evolution/innovation),
change with feedback.

In the living lab context, sensing and smart technologies play a crucial role.
Smart technologies tend to focus on phenomena that involve easily quantifiable
data, such as energy generation, use and optimization (storage and exchange),
waste and water flows, and security and back-up, amongst others. In this way,
ICTs can be used to elucidate the so-called ‘flows’ in daily use of our living envi-
ronment (energy, waste, water, food, information). In most cases the resulting data
can be used intelligently, as:

e Data tied to geography can provide insights in sustainable living patterns on an
urban level.

e Data gives the living environment greater options for faster, more efficient
change and information-based decision-making by users.

e Open data offers a connection between users and service companies, govern-
ment and other stakeholders.

A lot of these smart systems are designed with the environment in mind—towards
more sustainable living. The idea behind smart projects such as SusLab is that
data can be used to make buildings more responsive to users, their surroundings
and fluctuations in the grid and, as a second order effect, encourage households,
neighborhoods and municipalities to participant in the overall production and dis-
tribution of energy to make its use more efficient, reliable and sustainable (U.S.
Department of Energy 2014).

Each smart artifact found in urban space can potentially serve as a node in a
data network for sensing and feedback control. This can range from home domot-
ics, to respond to energy demand and supply and actual (real time) use of space(s),
to emergency warning systems related to CO; and other harmful emissions, and
wrong use, that are automatically forwarded to urban dwellers via e-mail or text
to user platforms. While each of these technologies is useful by themselves, their
combined use has the greatest potential for impact. Apart from ICT, it is fore-
casted that developments in cloud-based services, the Internet of Things (IoT) and
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Augmented Reality (AR) will have the greatest potential of bringing smart con-
cepts for sustainable living to the fore within the next 10 years.

Smart homes might not completely live up to the claims of corporate market-
ers, but their function as a testing ground for experimental technologies, like in the
SusLabNWE project, offers a possible vision of what our future homes might look
like: tech-enabled, hyper-efficient living environments that harness sensing tech-
nology to manifest the most seamless and automatic living experience possible.

At the same time however, the question of what we want our ‘smart’ future liv-
ing environment, and homes in particular, to look like cannot be separated from
what kind of people we aspire to be, the kinds of social relations and lifestyles we
deem fruitful, or redefining our relationship with the surrounding built and natural
environment.

ICTs give institutions, companies, communities, and individuals with simi-
lar goals and aspirations (e.g. resilience and sustainability) the means of sharing
ideas, having conversations and organizing accordingly. It is important that any
new institutional arrangements should be made in close agreement with all actors
involved. If such systems are not inclusive, people might start to feel that it is use-
less to take action. If not, the scope that is left for them to affect their own living
conditions will be reduced by the dominant technology driven culture of today.
Within such an outlook, new institutional arrangements are required to cope with
the use of ICT and physical environment related problems.

In putting such emphasis on the qualitative, use(r) related perspective, concepts
for sustainable living can be found that provide alternatives to technological solu-
tions and corporate ‘smart’ concepts, which monitor and placate citizens into pas-
sive, corporeal peripherals of technology. Such sustainable living environments are
use(r)-focused, community-defined, open-source environments that harness tech-
nology to enhance the users perspective, support individual and collective auton-
omy, while being open to community participation on related, larger scales, and
enshrine the citizen’s right to privacy and protection from commodification. In this
way it harnesses ICT to illuminate truths of (sustainable) living that are not abso-
lute or self-evident in sensor-collected data, but generated and understood through
the continuous physical interaction of human beings within the environment they
interact. In doing so, it uses technology to reveal the unseen relations between
individuals, families and/or communities and the wider technological and natural
systems that support them.

An example is Natural Fuse, an art project by architect Usman Haque that
promotes systems thinking and narrative imagination to encourage users to think
about the effects and ethics of off-setting carbon. Natural Fuse is a collection of
plants that are covered in specialized sensors, connected a computer network, and
plugged into an electrical outlet. The system is effectively a buffer between electri-
cal appliances and their power source. The plants act as a carbon sink, so essen-
tially the energy emitted from the socket is limited to the amount of carbon the
plants can sequester; this usually lasts at most a few minutes. Interestingly enough,
the system is scalable, so your neighbors or anyone connected to the computer
network could participate. Additionally, each individual plant can be switched to
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either an ‘off’, ‘selfless’, or ‘selfish’ mode. Once your appliance stops receiving
energy, you can turn on ‘selfish’ mode and ‘borrow’ carbon allotments from other
plants that are connected to the central sever granted they are in selfless mode
themselves. If your plant becomes too selfish it can ‘kill” other plants, causing the
network to send participating users an e-mail about your heinous transgression. If
your plant kills three other plants natural fuse automatically douses it in vinegar
and kills it in real life.

It is one of the latest, and more apt elaborations on a more illuminated way how
sensors, networks, computational power and data visualization are amalgamating
in a way that could change the world forever, specifically using living environ-
ments as a metaphor to demonstrate how the power of these technologies would
have to capture the encounter of technological and social complexities Real Time.
These technologies and their interfaces, would create digital, bird-view level fac-
simile of the intricacies of interactions between human beings, the built environ-
ment and machines.

When considering the prospect of wearable smart technology and AR, this
might result in a literal truncation of reality with bespoke, digitally enhanced expe-
riences of the physical environment itself.

1.1.1 Towards Sustainable Living and Living Labs

Sustainable living implies living a lifestyle that uses as few resources as possible
and causes the least amount of environmental damage impacting future genera-
tions. Shifting our lifestyles towards sustainable living implies changes to many
aspects of daily life, including cooking, cleaning, washing, eating, and use of
energy consuming devices.

In taking a broader view on sustainable living, perhaps the deeper challenge fac-
ing society today, is to achieve and maintain a suitable quality of life, while reduc-
ing to a sustainable level the environmental burden to which our activities give rise.
This will probably also require a different kind of economy, rooted less in material
throughput, being the amount of material circulating in the economy per unit of time
or place. In theory such an economy is feasible. This will not only require switching
over to renewable energy, but rethinking what we consider quality of life to be.

Quality of being must be derived less from matters, including goods and ser-
vices embodying high environmental pressure and more from activities having lit-
tle impact on the environment and nature.

Such activities do not necessarily have to be purely ‘spiritual’; there are numer-
ous more homely alternatives. Nature should be valued more as a defining factor of
our wellbeing. For example, consider an inspiring work of art in the garden instead
of a new kitchen. Rather than going to the tropical swimming pool, have a chil-
dren’s party at home. Instead of speeding down a remote ski slope with a group of
friends, join the local amateur choir or enjoy a good glass of wine. Instead of buy-
ing fast food, take pleasure in “slow food” as a focal family happening.
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As described by John Ehrenfeld, co-founder of the industrial ecology con-
cept, key values in slow food are subsistence, authenticity, family, participation,
the world of nature, aesthetics, and personal creativity (Ehrenfeld 2008). Thus the
challenge for designers is to create products and services with core meanings and
values that focus on the “being” or flourishing mode of human existence rather
than the unsustainable “having” mode to which consumers cling to now.

Many aspects of sustainable living can be investigated in actual households, liv-
ing labs provide an opportunity to emerge participants in a sustainable living envi-
ronment, while understanding the implications of their daily routines and activities.
Living Labs provide a setting for research on innovating every-day practice with an
approach that facilitates an open and distributed innovation processes, engaging all
relevant partners in real-life contexts (Bergvall-Kareborn and Stahlbrost 2009).

Given that the physical infrastructure of the home interacts with the interior
systems an integral approach to studying and designing for sustainable living is
required. For example, lighting fixtures, water systems, wall, ventilation equip-
ment and floor insulation impact sustainable living. From a construction view-
point, ideally sustainable homes should be built in such a way that they use few
nonrenewable resources, building materials with a low carbon footprint, run on
locally generated renewable energy, and cause little or no damage to the surround-
ing environment.

While this book primarily focuses on individual households, the element of
community and social change should be considered as a key element in shap-
ing sustainable living. Increasingly neighborhoods are being connected through
emerging technologies and services such as locally renewable energy grids, com-
munity recycling, home cooking to order, and urban farming.

References
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Chapter 2
The Emergence of Living Lab Methods

Natalia Romero Herrera

Abstract Innovative sustainable solutions in living and working setups need
to embrace users’ appropriation of technologies in their daily life practices.
Successful innovation scenarios implicate adaptability in technologies for users
to engage in a process in which technology and practices are adapted, and even
new practices are adopted as result of the appropriation. Sustainability Living
Lab (SLL) offers a socio-technical infrastructure to support user-centric innova-
tion processes for the development and adoption of sustainable solutions. It offers
a collaborative platform where professionals from different disciplines work
together with future users and public and private stakeholders to generate solu-
tions that are rooted in the dynamics of daily life practices. Future users play an
active role in generating and applying contextualized practice-based knowledge in
the innovation process. Central in the process is the integration of users’ experi-
ences and sustainability impact of their practices around technology appropriation.
A new generation of in-situ and mixed methods is emerging to facilitate this pro-
cess. This chapter introduces an integrated approach based on in-situ and mixed
methods to systemize the integration of objective and subjective aspects of daily
life practices at different stages of the innovation process. Three levels of integra-
tion are described with each addressing different needs and abilities of the pro-
fessionals, clients and future users involved in such projects. Each level suggests
specific involvement of monitoring and self-reporting activities with outcomes that
varies from describing behaviours, explaining the factors that influence behaviours
as well as their impact, and experimenting on alternative behaviours.

Keywords Technology appropriation + Daily life practices * In-situ methods -
Mixed methods -+ Sustainability living lab

N. Romero Herrera (D<)
Delft University of Technology, Delft, Netherlands
e-mail: n.a.romero@tudelft.nl
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10 N. Romero Herrera

2.1 Introduction

Sustainability Living Lab (SLL) offers a socio-technical infrastructure for sustain-
able innovations to emerge, be implemented and tested with and by potential users
(Liedtke et al. 2012a). Three elements characterize SLL as a user-centric process:

e The design is situated in real-life (e.g. existing homes) and realistic settings
(e.g. home labs)

e The focus is on behaviours and experiences of daily life practices

e The approach addresses the technical, social and temporal dimensions of prac-
tices in large scale and longitudinal setups.

Sustainability Living Lab supports a user-centric and contextualized innovation
process (Schuurman et al. 2012) in the context of living and working practices.
It facilitates the implementation of technical and behavioural interventions in real
(-istic) contexts of use (Keyson et al. 2013).

As discussed by Krogstie (2012), Living Lab serves as a platform to combine
design research with innovation praxis in which knowledge is generated through
the building and deployment of designed artefacts. Sustainability Living Lab com-
bines social, engineering and behavioural sciences with design research to unleash
and manipulate the factors that sway experiences around behaviour and technol-
ogy. As a user-centred process, SLL relies on future users’ participation to under-
stand practices in the presence of designed artefacts. However, existing methods
fall short in supporting users in the process of identifying and articulating relevant
practices and their impact when discussing the experience around designed arte-
facts (Krogstie et al. 2013). As practices are adopted and become part of people’s
routine, users need to engage in cognitive efforts to bring them to the foreground,
resulting in a demanding and biased data collection process (Mulder et al. 2005).

The first generation of SLL innovations falls in two patterns: solutions designed
around user behaviour (e.g. home automation) and solutions that aim to control
behaviour (e.g. pervasive technologies). These solutions are characterized by a
technology-centric approach failing to address the complexity of daily life prac-
tices. They assume that behaviours and needs are static elements and do not inter-
act with other elements in social life (Scott et al. 2009). A second generation is
emerging addressing the adaptability (Pallot et al. 2010) of these technologies so
users can appropriate them in the complexity of their own contexts (Schwartz et al.
2014; Budweg et al. 2011). This view extends the goal of SLL, as stated by Scott
et al. (2009) “beyond improving environmental product performance toward shift-
ing lifestyles in more sustainable directions”.

A prospect rises to implement in-situ and integrated design research methods
that support users to capture frequent information of their daily practices integrat-
ing aspects around users’ needs and values as well as sustainability impact. The
knowledge generated provides an integral and contextualized view on daily life
practices, encompassing:
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e Description of practices (how are they implemented, what influences them, who
and what is involved),

e Explanation of practices (why do they exists: what is the expected impact on
people’s needs, desires and experiences)

e Assessment of practices (what is the perceived and measurable impact).

The approach is based on in-situ and mixed methods to systemize the integration
of objective and subjective aspects of daily life practices at different stages of the
innovation process. Integration techniques are implemented at two levels: quan-
titative and qualitative user-centred methods are integrated to connect daily life
practices, technology and user experience; and the objective and subjective aspects
of practices are integrated to contextualize users’ experiences and provide links to
objective impacts.

In this chapter the aforementioned SLL integrated approach is presented (in
Sect. 4.1: In-situ and mixed designs interventions, the in-situ tools and integrated
techniques are described). The chapter starts with a brief state-of-the-art review of
Living Lab’s methods, the challenges and related approaches. Next, the approach
is presented, illustrating three possible integration scenarios. The scenarios target
different needs, resources and skills coming from stakeholders, technical facili-
ties, design researchers and future users involved in a Sustainability Living Lab
project. The chapter concludes by addressing challenges in the design and imple-
mentation of in-situ and integrated methods regarding technology, research, and
participation.

2.2 User-Centric Living Lab Methods

The differentiating aspect of Living Lab Methods compared to other user-centric
methods pertains to the active involvement of the users in the R&D process, entail-
ing a collaborator role in creating new solutions (Pallot and Pawar 2012; Eriksson
et al. 2005; Niitamo et al. 2006; Schuurman et al. 2012; Krogstie 2012). Users are
seen as key actors in bringing the ecosystem of their everyday life central in the
process of ideation, experimentation and evaluation of technological artefacts.

From the second generation of Sustainability Living Lab a shift in focus is
observed, moving innovations away from addressing what technology can do to
achieve sustainable outcomes, to what people can do with technology to develop
sustainable practices (de Jong et al. 2008; Scott et al. 2009; Liedtke et al. 2012a;
Krogstie et al. 2013; Schwartz et al. 2014). Underestimating user-bound factors
like compatibility with lifestyles, aesthetics, and comfort has resulted in develop-
ing solutions that have had little to no impact on sustainability when introduced in
people’s life context (Scott et al. 2009; Liedtke et al. 2012b).

Therefore research is needed to develop methods and tools that encompass the
complex interactions between users, technology and practices in real life context
to design for the process of users’ appropriation of technologies and its impact on
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daily life practices and sustainability. Technology appropriation is a user process
of adopting and adapting technology so it fits into their living and working prac-
tices. Users may adapt the intended technology use and/or the technology itself to
fit users’ lifestyle (Dourish 2003). As consequence, the practices around a technol-
ogy usage may be altered or new practices may emerge. This in reality may result
in users developing new forms of using technology and appliances in the house, as
for example when turning on the oven to allocate heat on a painful knee.

Two elements characterize a new generation of user-centred methods to
embrace these issues:

e In-situ methods to capture the temporal and contextual nuances of users’ prac-
tices (Mulder et al. 2005; de Moor et al. 2010; Hess and Ogonowski 2010).

e Mixed methods to capture the technical and social aspects of practices in a qual-
itative and quantitative manner (de Moor et al. 2010; Schuurman et al. 2012;
Scott et al. 2009; Schwartz et al. 2014).

In-situ methods aim to capture an ecological overview of daily life practices,
generating knowledge that is bounded to temporal and contextual factors. In-situ
methods in Living Lab setups have been implemented as technical and non-tech-
nical instruments addressing the need for gathering insights about social practices
and social networks (Hess and Ogonowski 2010), measuring user behaviour and
experience (Mulder et al. 2005) and measuring quality of experience (Moor et al.
2010). As users need to engage in reporting and reflective activities, challenges
related to the implementation of in-situ methods address issues on interruptibil-
ity, cognitive demand, boredom and intrusiveness (de Jong et al. 2008; Scott et al.
2009; Rek et al. 2013; Ogonowski et al. 2013). Approaches and techniques have
been developed to lower burden by providing a simple structure for describing
practices (Scott et al. 2009), to lower interruption by estimating appropriate times
for feedback (Vastenburg and Romero 2010; de Moor et al. 2010), to provide ben-
efit through suggestions and social support (Karaseva et al. 2015; Schwartz et al.
2014; Scott et al. 2009; Pallot et al. 2010) and by building trust, transparency and
empowerment (Ogonowski et al. 2013; Rek et al. 2013).

Mixed methods extend the descriptive knowledge of practices gathered from
monitoring techniques to integrate subjective aspects from a user perspective.
Quantitative techniques are valuable to capture large set of objective and subjec-
tive data at a relatively low cost, that can be make easily accessible to an open
network. Aggregated data provides accurate knowledge on observable behav-
iours (Veeckman and van der Graaf 2015). However, in the context of Living Lab
quantitative methods fall short in two aspects: (a) understanding appropriation
of technologies and adoption of new practices; and (b) involving user experience
in ideation and evaluation of technologies. Efforts in developing mixed methods
for Living Lab are still in their initial phases of conceptualization (de Moor et al.
2010; Schuurman et al. 2012; Karaseva et al. 2015; Pallot and Pawar 2012) or are
presented as trials not yet formalized (Schwartz et al. 2014; Scott et al. 2009).
These efforts implement integration techniques by collecting data from qualita-
tive and quantitative sources, however they are not addressing other stages of
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integration and no discussion is provided on how to systemize its implementation.
It is expected that a full integration in all stages of a design research project will
result in adaptive innovations that are responsive to the interconnections between
people's practices, their experiences and related sustainability impact.

User involvement is an ongoing challenge in the implementation of Living
Lab’s methods. In addition to the challenges of in-situ methods stated above,
Living Lab brings other challenges that exclude user groups from participating.
For instance, participation requires users to replace mature technologies with
unstable or not fully functional ones, which can drastically affect practices that
are well established in people’s daily life (Budweg et al. 2011; Ogonowski et al.
2013). This real cost is only matched by potential benefits of user participation in
contributing to innovation. These benefits in most cases fail to address the interests
and needs users have when participating (Mensink et al. 2010).

From a research perspective, Living Lab poses another challenge to support
large-scale and cross-national projects. On the one hand, this entails collecting
data efficiently as well as ensuring consistency across cases. On the other hand,
this requires flexible methods to address different needs, resources and skills from
the parties involved.

2.3 Emerging Methods

In-situ methods have been proposed as a promising strategy to characterize prac-
tices from a user perspective and at different time frames. This enables com-
prehending practices within the complex ecosystem of users’ experiences and
lifestyles. State-of-the art implementations in Living Lab (de Moor et al. 2010;
Mulder et al. 2005; Romero et al. 2013) refer to Experience Sampling Method
(ESM) as an appropriate approach to connect user experience and practices to real
contexts and for long periods of time. Daily Reconstruction Method (DRM) is an
alternative in-situ strategy that characterizes practices of one day through a sys-
tematic reconstruction process on the following day.

Sensor networks are also discussed as relevant techniques to contextualize daily
practices. The advantage of these two prominent strategies in Living Lab settings
increases when they are integrated. Whereas integration has been mostly imple-
mented at data analysis, integration at other stages of the design process opens up
opportunities to facilitate in depth and focus insights and exploration of practices.
Mixed Method Research (MMR) addresses the need for integration at different
stages in a research process defining several mixed method designs that support
different integration strategies.

In the following sections a brief introduction of the Mixed Methods Research,
Experience Sampling Method and Daily Reconstruction Method is provided.
Wireless sensor networks are out of the scope of this chapter, as they do not
directly involve researcher, designer and users. For detailed information about
wireless sensor networks, please refer to NRC (2001).
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2.3.1 Mixed Methods Research

Mixed Methods Research (MMR) refers to the integration of qualitative and
quantitative approaches to answer research questions (Creswell and Piano 2011).
Methods are integrated at different stages in the research process including data
collection, data analysis and data interpretation. Qualitative and quantitative data
can be mixed in three different ways: by connecting, having one data source build
on or follow up on the other; by merging, to compare or relate results from both
data; or by embedding, to explain one data result by the other (see Fig. 2.1).

MMR offers a pragmatic orientation to address “practical” issues related to a
research problem. For example, when dealing with the complexity of a situa-
tion, when knowledge needs to be contextualized, when individuals with different
methodological orientations need to work together, when the expected impact can-
not be obtained with only one type of data, or when there is an explicit need to do
qualitative research.

2.3.2 Experience Sampling and Daily Reconstruction
Methods

Measuring user experiences contributes to the assessment of technology appro-
priation. User experiences assess the interconnections between user, daily life
practices and technology. It characterizes the interaction with products in differ-
ent time span of usage (Roto et al. 2011): anticipated experience (before usage),
momentary experience (during usage), episodic experience (after usage) and

Connecting Merging
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Fig. 2.1 Three ways of mixing data. Notation: a predominant method is symbolized in capitals;
in the absence of a predominant method both approaches are equally represented in the results
(Creswell and Piano 2011)
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cumulative experience (over time). While all stages are relevant to the process
of appropriation, momentary experience deserves special attention as it encapsu-
lates the dynamics of the adaptation and adoption processes. In-situ self-reporting
methods are used to capture momentary experience.

From socio-psychology research, the Experience Sampling Method (ESM) was
developed in the late 60s in respond to the appearance of a technology (the pager)
that could prompt people on the move allowing researchers to ask at random times
questions to capture people’s feelings in the moment (Barret and Barret 2001;
Larson and Csikszentmihalyi 1983). ESM has evolved in the last decades, includ-
ing context-aware capabilities to expand the sampling strategy from random, to
time-based and to event-based. A context-aware ESM tool combines sensor net-
works with self-reporting techniques providing a good platform to link instances
of technology use and self-reported experiences (Consolvo et al. 2006; Intille et al.
2003).

There are important considerations in the design of ESM studies. As noted by
Myin-Germeys et al. (2009) and Hektner et al. (2007) ESM designs should take
care of the frequency, time-demanding and cognitive effort of participants to self-
report. On the long term, participants often lose their motivation to provide infor-
mation every time they receive a prompt. Issues related to repetitive interruptions
arise (Christensen et al. 2003), creating barriers for long-term participation, such
as annoyance, burden and boredom (Scollon et al. 2003). Adaptive sampling rates
aim to avoid undesired interruptions (Vastenburg and Romero 2010) while engag-
ing strategies such as empathy, personal benefit, fun and control could keep user to
self-report for longer periods (Rek et al. 2013).

Daily Reconstruction Method is an alternative method that implements users’
data collection of the experience of a given day by a systematic reconstruction
process conducted on the following day (Kahneman et al. 2004). Compare to ESM
it reduces users’ burden and captures a more complete coverage of the day, how-
ever it increases memory bias. A combination of ESM and DRM has been pro-
posed (Khan et al. 2008) where ESM works to capture short moments in the day
that are later used as memory anchors for reconstructing the experiences and prac-
tices around them.

2.4 Mixed Approach for Sustainability Living Lab

The presented approach aims to systemize longitudinal, large scale and cross cul-
tural SLL studies by implementing in-situ methods and integration techniques at
different stages of the innovation process.

Figure 2.2 illustrates the three levels of integration proposed, using a three-ring
metaphor of the top view of a funnel, starting from an extended surface represent-
ing the complexity of the context under study, moving deeper into more specific
and narrow areas of practices, to finally touch upon specific sustainability and
human aspects of practices.
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Fig. 2.2 Mixed approach for sustainability Living Lab

The four axes showed in Fig. 2.2 represent different types of user involvement
(Users), design research approaches (Design), research goals (Research) and inno-
vation outcomes (Outcome).

e Users: users’ involvement defines different roles of users as collaborators in
the design research activities. The outer ring represents sporadic and passive
involvement of users in collecting data. The middle ring indicates an active role
in generating and interpreting insights. In the inner ring users are active collabo-
rators in ideating, prototyping and evaluating solutions.

e Design: design research approaches incorporate users’ needs by means of dif-
ferent activities that result in solutions addressing different levels of complexity.
The outer ring provides solutions that address general user needs in context, by
means of surveys, interviews and monitoring sensor networks. The middle ring
offers solutions that involve deeper insights, which are generated together with
users, by means of in-situ self-reporting tools. The inner ring brings solutions
that are developed by users, by means of co-design and prototyping sessions.

e Research: the depth and richness of knowledge that can be generated varies at
the different levels of integration. The outer ring characterizes knowledge based
on the validation and verification of current practices. Knowledge in the middle
ring moves deeper into explaining and exploring existing and alternative prac-
tices; and the inner ring relates to knowledge generated by the experimentation
and evaluation of sustainable practices.
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e QOutcome: different levels of knowledge of practices can be obtained at the dif-
ferent levels of integration. The outer ring offers long-term analysis and descrip-
tion of existing situations and their impact on sustainability. The middle ring
implements interventions exploring deeper into more specific and narrow areas
of practices. The inner ring involves prototypes which touch upon complex and
specific sustainability and human aspects of practices.

These axes form quartets of [User, Design, Research, and Outcome] setups to
characterize each level of integration. For example:

e The outer ring is characterized by a sporadic and passive user involvement in
collecting data (User), where activities address generic users’ needs (Design),
the generated knowledge describes the sustainability of current practices
(Research), and innovation is informed by identifying directions and potential
impact (Outcomes).

e The middle ring is described by an intensive and active involvement of users
in collecting and generating insights (User), activities involved deeper and com-
plex users needs (Design), knowledge explores alternative sustainable practices
(Research), and innovation develops contextual interventions on specific areas
of practices (Outcomes).

e The inner ring incorporates users as active collaborators in ideating, proto-
typing and evaluating solutions (User), activities materialize expectations and
desires of users (Design), knowledge projects the impact of new practices
(Research), and innovation develops prototypes with validated impact on sus-
tainable practices (Outcomes).

2.4.1 Integration Techniques Based on Mixed Methods

The integration levels are implemented by integration techniques based on Mixed
Methods Research (Creswell and Piano 2011). The overall integration gives pri-
ority to qualitative methods in understanding, experimenting and evaluating user
appropriation of technologies and emergent practices. Quantitative methods are
embedded offering an objective and subjective layer to measure impact. The inter-
action techniques support the development and application of mixed tools. In this
section, the integration techniques and the tools for each level are described. In
Sect. 4.1: In-situ and mixed designs interventions an implementation of these
mixed tools is presented in the context of home energy use.

First level of integration (outer ring): This level is characterized by merging
techniques for data analysis. Quantitative data from sensors and other objective
data sources are merged to describe baseline impact on sustainability. Merging of
quantitative data is also implemented with qualitative data from interviews con-
ducted at the beginning and end of the study to describe sustainable and non-sus-
tainable practices.
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Second level of integration (middle ring): Connecting and merging tech-
niques are applied in data collection, analysis and interpretation. In data collec-
tion, quantitative and qualitative self-report tools are connected to support users
inform qualitative and reflectively on daily practices. For instance, by connecting
quantitative reports as inputs for qualitative self-report tools, so the earlier work as
memory anchors to facilitate reflections in the latter (ESM supporting DRM). For
data analysis, quantitative data from sensors and quantitative and qualitative data
from self-report tools are merged to describe the impact of a specific context on
sustainability and on user experience. The outcomes are contextual users insights
on daily practices and mixed probes: visualizations of the integration of objective
and subjective data around practices.

For data interpretation, this level also supports user research design sessions
(e.g. contextual interviews and user re-enactment). Mixed probes are connected to
these sessions to get deeper and focus explanations of the phenomena described in
the first level.

Third level of integration (inner ring): after analysis, connecting techniques are
applied between the resulted mixed probes and co-design and co-prototyping sessions
to interpret the results and generate requirements for the design of artefacts/prototypes.

An interactive setup of user experimentation and evaluation applies real-time
merging of sensor networks and self-reporting data to enrich data collection.
Through, in-situ interventions and in-situ experiments, merged data of sensors and
self-reports is used to provoke reflective insights from users as well as to evoke
experiences by guided interactions with artefacts, respectively.

2.4.2 Choosing the Appropriate Level of Integration

An ideal innovation process includes all levels of integration to address in its full
extent the complexity of users’ appropriation of technology and adoption of sus-
tainable practices. However, the approach offers alternative setups to address spe-
cific configuration in SLL projects. The criteria for selecting the appropriate level
of integration consider:

e The setup and scope of the project
e Project resources (technical infrastructure)
e Collaborators (researchers, designers and users) skills, experience and availability.

A SLL project may encompass several studies with different setups and scopes.
Setups involving prominently quantitative methods and with a descriptive goal are
placed in the outer ring—first level of interaction. For instance, the first level of
integration supports the implementation of long-term monitoring studies and pre
and post user interviews with the purpose to define a baseline of practices and
their sustainable performance. When the outcome is aimed to go beyond a descrip-
tive baseline, qualitative methods are needed to support the involvement of users
and therefore a deeper level of integration is suggested.
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Project resources also affect the integration depth in the study. The deeper the
layer of integration the higher the need for a robust technical infrastructure to sup-
port the development and application of mixed tools.

Finally, the availability, experience and skills of collaborators define to what
extend mixed tools and design research sessions can be developed and applied.
On the one hand, the intensity and frequency of the sessions depends on the time
availability of collaborators. On the other hand, skills are needed for richer and
deeper use of the mixed tools. For instance, design researchers’ skills in ethno-
graphic and co-design may result in better practices to incorporate mixed tools in
the sessions. Similarly, cognitive skills are needed from users in generating and
applying mixed probes as well as in participating in in-situ interventions and
experiments. Therefore different users’ needs and abilities require different varia-
tions of in-situ self-reporting tools and integration techniques.

2.5 Conclusion and Challenges

This chapter introduces a methodological approach for Sustainability Living Lab
that stages an innovation process based on user-driven in-situ methods, sensor net-
works and integration techniques. The integration techniques intends to empower
collaborators in connecting and contextualizing daily life practices, technologies
and user experiences in the process of developing sustainable innovations. By
incorporating tools based on quantitative and qualitative methods and by mixing
objective and subjective data, the integration techniques elicit and trigger descrip-
tive and reflective insights at different stages of the innovation process.

The central and active role of users as collaborators is supported by means of
mixed tools that are developed and applied by them at different stages. Different
levels of integration are proposed by setting up different research activities and
user involvement (see Fig. 2.2):

e First level—outer ring offers verification of daily practices in context by
means of low contact user research and monitoring tools. This level is imple-
mented by merging integration techniques for data analysis.

e Second level—middle ring explores and analyses opportunities for sustainable
practices by means of design interventions. Merging and connecting techniques
are implemented at all stages of data collection, analysis and interpretation.

e Third level—inner ring supports users in the development and evaluation
of their own solutions for sustainable behaviour by means of co-creation and
self-experimenting sessions. Real-time merging and connecting techniques are
implemented at all stages of collection, analysis and interpretation.

There are two main impacts on innovation that are expected by using this
approach. First of all, the resulted innovations address the complexity of technol-
ogy appropriation in daily life practices. Secondly, and as consequence, such inno-
vations enable dynamic processes of adoption of sustainable practices.



20 N. Romero Herrera

The promising aspects of this approach still require further research to address
issues with respect to technology dependency and methodological scope.

The integration techniques rely strongly on high-end and expensive technical
infrastructure based on wireless sensor networks and big data analysis. Stability,
reliability and scalability of this infrastructure are required to guarantee successful
implementations in real life contexts, for long periods of time, and while captur-
ing, analysing and visualizing continuous streams of contextual and behavioural
data. When resources are not sufficient to ensure these requirements, cheaper
alternatives will result in unstable, less reliable and less scalable setups and higher
efforts from collaborators.

The implementation of large-scale and cross-national projects requires that
the application of methods and techniques is replicable and comparable. Despite
the effort to systematize the proposed approach, as reported earlier, the action
of conducting the methods and techniques is vulnerable to contextual and sub-
jective factors. This may result in knowledge generated by data gathered at dif-
ferent frequency and depth (quality). This limitation opens the discussion in the
Sustainability Living Lab agenda with regard to the comparability of cases and a
user-driven process.
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Chapter 3
Social Practices as a Main Focus
in Living Lab Research

Marco Hasselkuf, Carolin Baedeker and Christa Liedtke

Abstract This chapter introduces the theoretical background of social practice
theories as a main focus in sustainable living lab research as well as its connection
to the living lab approach and links to desired broader socio-technical transition
paths. Applications of practice theories to sustainable consumption and in the field
of heating are introduced and conclusions drawn for using practice theories in liv-
ing lab research and experiments.

Keywords Social practices * Living lab - Heating

3.1 Introduction

Against the background of environmental problems arising from the growing
extraction of natural resources and resource depletion, achieving a sustainable devel-
opment is an indispensable challenge in the twenty-first century. As Rockstrom et al.
(2009) show the current ecological impact, caused by economic action, is already
exceeding the ecosystem’s capabilities to compensate for interventions in some areas.
However, projections of current economic and human development still show that
without radical changes the use of natural resources will even increase in the next
decades. Bringezu and Bleischwitz (2009) i.e. predict that the global extraction of
raw materials might double or triple until 2030, if western consumption patterns are
also adopted in now developing countries. A societal transformation (WBGU 2011)
towards more sustainable patterns of production and consumption is required, most
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urgently in the fields of living, mobility and food (EEA 2013). Transition research
(i.e. Geels 2002) has recently gained much attention as a theoretical framework and
blueprint for empirical work on sustainable development. Transition is thereby under-
stood as a “radical, structural change of a societal (sub)system that is the result of a
co-evolution of economic, cultural, technological, ecological and institutional devel-
opments at different scale-levels” (Rotmans and Loorbach 2010).

Focusing solely on technical solutions and individual behaviour to achieve such
transition towards more sustainable production and consumption systems while
assuming people’s needs as fixed entities, however, disregards the dynamics of eve-
ryday life in which technologies themselves create needs—and, thus, often leads
to unsustainable outcomes. Therefore, the consumer’s active position should be
strengthened through user-driven innovation and the interdependencies of everyday
life routines need to be taken into account. To conceptualise such daily routines and
their change towards more sustainable patterns of action theories capable to capture
such dynamics are required: social practice theories (Shove et al. 2012) and transition
research (Geels 2002) are integrated in order to achieve an appropriate understanding.

LivingLabs are combined lab-/household systems, which put the user, i.e.
the home occupant, and value chain related actors (producer, handicraft, etc.) on
centre stage in the innovation process. Practice theory emphasises the everyday
doings as entities, consisting of the elements meaning, material and competence
(Shove et al. 2012), which are similarly (re)produced by ‘practioners’ (those who
engage in a social practice) in performances (e.g. practices like cooking, skiing,
heating) and routinely involve practical knowledge and use of materials. ‘Even
though routines of practices are emphasised by theory, it can be used to exam-
ine change as well. We take social practices as the basis to design sustainable
PSS and aim to reduce negative rebound effects from wrong applications. The
LivingLab infrastructure provides means to observe practices involving techni-
cal artefacts and opportunities for users to experiment with such practices. learn
and appropriate them in the process of everyday use. The potentials of new pro-
totypes to change current practices and, thereby, potentially change rules and
resources of systems of provision bottom-up, can be analysed in real-life settings.
The potentials of new prototypes for product-service-systems (transformational
products, advice and information, feedback systems, etc.) to change current heat-
ing practices can be analysed in real-life settings by involving users and stake-
holders through action research methods and transdisciplinary research designs.
Social practices in using the new product have to be regarded during the innova-
tion process, since all too often products designed for environmental efficiency
under given circumstances are misused or overused, resulting in unintended and
generally less sustainable outcomes (‘the rebound effect’) (Liedtke et al. 2012b;
Buhl 2014). Studies in failed innovations have shown that the benefits of eco-
designed products, technologies or infrastructures are hardly realised if designed
without reference to user practices (Spaargaren 2011). Therefore, the Sustainable
LivingLab (SLL) approach refers to Social Practice Theory to conceptualise envi-
ronmental behaviour and awareness and design sustainable product-service-sys-
tems around the home (Baedeker et al. 2014; Liedtke et al. 2013, 2015).
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As already proposed in earlier phases of building up the SLL research infra-
structure (Scott et al. 2009), the approach builds on social practice theory. In
SusLabNWE this focus was maintained for two reasons:

(1) Design processes with regard to user practices may lead to greater user accept-
ance, making it easier to spread sustainable PSS novelties. Studies in failed
innovations shown that the benefits of eco-designed products, technologies or
infrastructures are hardly realised if designed without reference to user prac-
tices. At the same time, the key role of technological innovation for a transition
towards more sustainable lifestyles is in no way neglected (Spaargaren 2011).

(i1) Social practice theories are beneficial in analysing routine behaviour related to
a specific case study, e.g. heating.

3.2 Theories of Social Practices

In recent years, theories of social practices have gained a lot of attention in the
analysis of consumption (i.e. Reckwitz 2002; Warde 2005; Brand 2010; Shove
etal. 2012; Rgpke 2015). The body of these theories emerged from sociological
theories by Bourdieu (1977), Giddens (1984) and Schatzki (1996), who worked
on practices as a central category of analysis. Reckwitz later (2002) aimed to pro-
vide a cohesive theory of practice as a sociological approach on its own. As one of
the baselines, social practice theories draw on the idea of duality of structure, as
proposed by e.g. Giddens (1984). Criticising both the determination of action by
social structure in many sociological theories as well as the overemphasis of indi-
vidual interpretation and agency in many theories of action, Giddens introduced
his theory of structuration as an attempt to overcome the micro-macro-dualism
in sociology. According to this framework, actors are knowledgeable and reflex-
ive, both enabled and constrained by social structure (as virtual sets of rules and
resources) in their actions. Structure at the same time is only (re)produced by
actions, consisting of rules (of legitimation and signification) and of resources,
subdivided into allocative resources (i.e. financial means, technology) and authori-
tative resources (as a source of power over other actors). Actors know about rules
as memory traces on different levels of consciousness. Structures are (re)pro-
duced in a recursive process through (mostly routinised) social practices. Reckwitz
(2002) accordingly identifies social practices as the location of the social, where
action and structure are mediated. He defines practices as “a routinised type of
behaviour which consists of several elements, interconnected to one another: forms
of bodily activities, forms of mental activities, ‘things’, and their use, a background
knowledge in the form of understanding, know-how, states of emotion and motiva-
tional knowledge” (Reckwitz 2002, p. 249). All activities can be considered a prac-
tice from this perspective. Actors need specific skills, largely implicit knowledge,
and control both over their bodies and over material artefacts. In Giddens’ terms,
for routine practices actors largely draw on the practical consciousness; meanings
and legitimation associated with a practice are usually not reflected.
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Yet, practices are not always enacted in exactly the same way but actions can
vary. According to Shove et al., another important differentiation is between ‘prac-
tices as performance’, emphasized by Reckwitz (2002), at the level of carriers:
concrete, observable actions and competences as different skills and knowledge,
which actors need in order to engage in practices. At the level of ‘practices as enti-
ties’, as highlighted by Schatzki (1996), practices represent the concept of social
structure related to Giddens’ idea of shared rules and resources. This also allows
to account for individual deviation in practice performance without any effect on
practice as entity, as Reckwitz also describes.

Thus, the interdependency between routines, technology and social norms can be
scrutinised (Reckwitz 2002; Warde 2005). “The social is neither reduced to rational
actions of individuals (homo economicus) nor to value-based normative rules (homo
sociologicus) or to symbolic structures ‘inside’ or ‘outside’ of the individual mind
[...]” (Brand 2010, p. 220). At the same time, the key role of technological innovation
for a transition towards more sustainable lifestyles is in no way neglected (Spaargaren
2011). Spaargaren et al. (2006) argue that the adoption of sustainability innovations
can neither be understood only as a conscious choice of individuals (such as early
movers with a well-developed environmental awareness) nor just as a passive, invol-
untary or mechanistic result of changes technological systems.

Accordingly, it is practices, rather than individual desires, that drives con-
sumption (Warde 2005). In this sense new technologies can be said to trigger
new demands and, thus, possibly unintended resource and energy consumption.
We take social practices as the basis to design sustainable PSS and aim to reduce
negative rebound effects from wrong applications. Unexpected user behaviour or
wrong application of potentially sustainable innovations is an important cause for
rebound effects (Liedtke et al. 2012a). Through a break of on-going sense-making
in practices, reproduced practices can be changed. Warde (2005) showed that con-
sumption is not a practice itself but rather engaging in many practices requires a
certain level of consumption of goods or services. This also means that consump-
tion of many goods and services and the according resource consumption result
from non-reflexive, routine enactment of practices rather than from individual
desires. Styles of consumption are interwoven with social practices of certain
activities but also with daily routines i.e. in households (Brand 2010). Consumers,
then, combine a number of different practices related to nutrition, mobility etc. and
form them into lifestyles (Spaargaren 2003, 2011). Further condensing the theo-
retical work, Shove et al. (2012) identify three elements of practices: meanings,
competences and materials (Table 3.1).

The ‘materials’ element shows how practices are directly or indirectly related
to resource use for objects or infrastructures needed to engage in a given practice.

Table 3.1 Elements of social  Elements of social practices
practices (based on Shove
etal. 2012)

Meanings (mental activities, emotions, motivational knowledge)

Materials (objects, infrastructures, tools, hardware, body)

Competences (understanding, practical knowledgeability)
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Table 3.2 Current and sustainable level of resource consumption in the housing sector, calculated
for Finnish data (Lettenmeier et al. 2014, p. 497)

Housing—from 10.8 to 1.6 tons/(person a)

Reduction required Factor 6.8 Direct Present 38 m?/capital (house)’

by consumption 11500 kWh (heat and
amount electricity)!

Future | 20 m%/capital (zero energy
house)

1000 kWh (electricity)
Share in households’ | Present 27 % | Material Present 65 kg/mzla(house,
material footprint intensity unheated/uncooled)>

0.6 kg/kWh (Finnish heat
and electricity)?

Future 20 % Future 65 kg/m?/a (house, heated/
cooled)

0.3 kg/kWh (European
electricity)

1Source Lihteenoja et al. 2007
2Source Kotakorpi et al. 2008, p. 43

Continuous engagement in a practice, rising numbers of practioners and differen-
tiation thus keeps the engine running for continued extraction of natural resources
(for a structuration theory based view on the connection between practices in
social systems and the natural system see e.g. von Geibler et al. 2010, p. 155).

Given sustainability challenges we propose that analysis through a prac-
tice theoretical lens should be merged with the concept of environmental space
(Spangenberg and Lorek 2002) to analyse relevant practices in terms of material
use: how e.g. heating is actually performed can be carved out by practice theory
but is not a goal in itself; rather, it is to be matched with sustainability strategies
and resource saving potentials. We hypothesise that these result in high resource
consumption as many practices with positive meaning involve large material
requirements. Examples for changes of social practices in relation to sustainable
levels of resource use are shown in Lettenmeier et al. (2014). Table 3.2 illustrates
the required reduction in resource use induced by housing (tons/person per anno).

A decrease of living space as an example of consumer preference is an example
for reduction of heating requirements: “Shared space use is an option for increas-
ing individual living space. Co-housing is seen as a promising practice emerging
in the context of sustainable living” (Lettenemeier et al. 2014, p. 505).

3.3 Using Social Practice Theories in Research
on Sustainable Consumption

To apply social practice theories in the SLL infrastructure it is helpful to take a
look at some methodological strategies developed in previous empirical work
making use of this theoretical framework. Within the environmental social



28 M. Hasselkuf et al.

sciences, theories of practices are used by an increasing number of authors to
analyse the greening of consumption in the new, global order of reflexive moder-
nity. The use of practices as key methodological units for research and govern-
ance is suggested as a way to avoid the pitfalls of the individualist and systemic
paradigms that dominated the field of sustainable consumption studies for some
decades (Spaargaren 2011). Previous empirical work on consumption and social
practices (e.g. Evans 2011a, b; Halkier and Jensen 2011; Hargreaves 2011) has
shown analytical affordances and methodological challenges of such approaches.
Halkier and Jensen (2011) point out the affordances of a constructivist approach to
social practices of (1) understanding consumption as entangled in webs of social
reproduction and changes, rather than focusing individual consumer choices, and
(2), viewing ways of consuming as continuous relational accomplishments in
“intersectings of multiple practices” (Halkier and Jensen 2011, p. 117). Here, the
concept of duality of structure and agency inherent in practice theory offers impor-
tant insights. Using such affordances, Evans (2011a, b) e.g. shows that food waste
is not a consequence of immoderate consumer choices but of managing the mul-
tiplicity of different everyday practices and contingencies. A problem of a purely
constructivist perspective, as promoted by Halkier and Jensen, however is to fore-
ground the discourse and negotiation of normative elements in consumption (here:
healthy food) among practioners at the expense of downplaying factual knowledge
about boundaries or indicators—the same applies to e.g. knowledge about plan-
etary boundaries (Rockstrom et al. 2009) in considering ecological consumption.
While it is a clear affordance of practice theoretical research on (sustainable) con-
sumption to highlight the social embeddedness of consumption and the negotiation
within social networks about normative elements and acceptability of practices,
power relations as well as intersections of the different daily practices, many stud-
ies so far lack a clear concept of sustainability or analysis of practices in the most
relevant fields of activity (housing, food, mobility; see: EEA 2013).

3.4 Heating and Social Practices

As Rgpke (2015) shows, the enlarged role of consumers beyond simple choices
for “greener” products is illustrated—among other factors such as prosumer
roles—when considering it from the perspective of systems of provision. One of
the improvements of practice theories is to understand domestic consumption as
preconfigured by socio-material infrastructures with implicit cultural and policy
regimes, e.g. for heating, cooling or lighting at home (Spaargaren 2011). At the
“very moment of turning the tap” (Spaargaren 2011, p. 816) such systems of pro-
vision (as rules and resources) shape practices of use, but at the same time systems
are reproduced in their current form. The consumer becomes co-manager of sys-
tems of provision and plays a key role in system change, being in control of e.g.
radiators as part of wired and piped systems (Rgpke 2015).
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Research by Boulanger et al. (2013) on heating practices indicates that prac-
tices have changed in the last decades. In the 1960s activities like cooking, wash-
ing were focused around a stove in usually one heated room while other rooms
were poorly insulated and cold. Today all rooms are heated to comfortable tem-
peratures for light clothes automatically with little effort (leading to less reflected
heating routines) and activities are dispersed through the entire house. Gram-
Hansen (2010) showed variance in heating energy consumption of families living
in similar buildings due to their heating practices.

The role of user practices for system change, illustrated in heating energy
systems of provision, points to the need for a theoretical account. This can be
achieved by searching for interconnections to transition research as argued in the
next section.

3.5 Transition Research and Practice Theories

The concept of transition offers a broader perspective beyond technological solu-
tions by embracing cultural and institutional change. At the Wuppertal Institute
(Liedtke etal. 2013) an integrative model of sustainable practices was devel-
oped and proposed, integrating the multi-level perspective of transition research
and practice theories. It focuses on reconfiguration of social practices involving
consumption of some kind towards a lower level of consumption, re-use/longer
use or design and implementation of low resources product-service-systems. We
hypothesise that a change of social practices, as routine patterns of action, plays a
crucial role in transition processes. An important field is the transition of current
(mainly western) consumption (and production) patterns (Jackson 2005; Rgpke
2015; Spangenberg and Lorek 2002; Baedeker et al. 2008; Liedtke et al. 2013;
Schneidewind and Palzkill 2011; Stengel 2011).

As indicated above the argument for this link is twofold: (1) Regimes and tran-
sition can usefully be explained more informatively using practice theories and
(2) as Warde (2005) points out, consumption is an element in many social prac-
tices to competently engage in. Social practices are the appropriate level of transi-
tion analysis also because research shows that for many products, the use phase
(users’ social practices) is highly relevant for its environmental impact, i.e. cloth-
ing (Paulitsch and Rohn 2004) or heating/space heating (Liedtke et al. 2012a, b).
Private households can directly or indirectly influence part of the environmental
impact through their consumption patterns in many of these fields (Spangenberg
and Lorek 2002) and through ways of usage.

In spite of mutual criticisms between the two approaches recently calls for
developing links have been proposed (cf. Geels et al. 2015). Transition can in
terms of practice theories be seen as a circumscribed process or trajectories of
change, within the time-space bound reproduction of social practices (Spaargaren
et al. 2006). Transition research studies complex socio-technical change processes
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Industry:
Practices of management,
design, producing etc.

Markets/ user preferences:
consumption practices

Policy:
governance
practices

Science:
epistemic practices

Socio-technical
regime

Technology:
Linscripted”
practices

Cultural
practices

Fig. 3.1 Socio-technical regime elements (own depiction, adapted from Geels 2002)

to meet challenges of sustainable development, aiming to identify underlying pat-
terns and dynamics (Geels and Schot 2007). The multi-level perspective (Geels
2002) analyses change as an interplay of developments on the three functional lev-
els ‘landscape’, ‘regime’ and ‘niche’. Transition means a deep change of ‘regime’
of a specific system, which refers to the currently predominant structure of a social
system in terms of culture, dominant values and patterns of action. A process of
change in material infrastructures, organisational structures, values and norms
to establish new patterns of perception and action (transition) can be induced by
combining several different developments (Kemp and Loorbach 2006).

We argue for conceptualising regime as a system of interrelated social practices
(Watson 2012), drawing on the structuration theory (Giddens 1984) and social
practice theories (e.g. Shove et al. 2012; Kuijer 2014). Watson argues: “[...] prac-
tices (and therefore what people do) are partly constituted by the socio-technical
systems of which they are a part; and those socio-technical systems are consti-
tuted and sustained by the continued performance of the practices which comprise
them” (Watson 2012, p. 2). These regime elements as social practices are depicted
in Fig. 3.1.

The institutions of a given socio-technical regime can usefully be understood as
interrelated social practices, which are systematically (re-)produced over time and
space and, thus, can be considered institutionalised (cf. Giddens’ concept of insti-
tutions as (re)produced practices showing the largest extent over time and space).

Transformation to sustainable production and consumption systems can be ana-
lysed from a practice theory point of view as change in social practices, i.e. in
the area “market/user preferences”, which then puts other regime-practices under
pressure (Liedtke et al. 2013)—practices can e.g. be changed through transforma-
tional objects (Hassenzahl and Laschke 2015), sustainable product-service-sys-
tems (Liedkte et al. 2015) or educational strategies (Bliesner et al. 2014).



3 Social Practices as a Main Focus in Living Lab Research 31

3.6 Conclusions for SLL Research

Even though social practice theories emphasise routine actions it can be used to
examine change as well. For change to take place, a break of on-going sense-
making in practices must occur or can be induced by certain events or govern-
ance strategies. The opportunities for co-design and user integration offered by
the approach were pointed out in the earlier Living Lab design study (Scott et al.
2009) and consequently used in the SusLabNWE project.

For example, transformational products appear promising to disturb routines of
practices (Hassenzahl and Laschke 2015). The idea behind these is instead of auto-
mating processes, transformational objects intervene and disturb acting on impulse
(i.e. leaving the heating on while a window is open). As Liedtke et al. (2015) argue
in contrast to more subtle “nudging” approaches, transformational objects remind
users of habits and a conscious need to take action—this is thought to support
learning processes.

The responsibility for more sustainable production and consumption should
however not only be put on the shoulders of individual consumers (Welfens et al.
2010; Walker 2015)—a perspective strengthened by social practice theories by
conceptualising the entangled routines and conjunctures of practices. Much more,
changes in structures and processes in economy are needed in parallel. As we have
shown the developed SLL infrastructure provides an adequate setting for research
and real-life experiments with focus on social practices that can integrate experi-
menting with new practices, assisting technologies and learning opportunities for
users beyond individualized responsibility.
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Chapter 4

Green Economy as a Framework

for Product-Service Systems Development:
The Role of Sustainable Living Labs

Carolin Baedeker, Christa Liedtke and Maria Jolanta Welfens

Abstract This chapter focuses on the role of Sustainable Living Labs for the
implementation and diffusion of low resource and sustainable Product-Service
Systems (SPSS) in a “Green Economy”. In recent years the concept of “Green
Economy” has emerged as a strategic priority for governments and intergov-
ernmental organisations. Several governmental and industrial strategies reflect
aspects of a variety of its definition searching for implementation of its prin-
ciples. Therefore, we will start off by giving an overview of different defini-
tions of the green economy showing its relevance for micro-oriented approaches.
Subsequently, eight key areas of intervention in a Green Economy, which set
up the frame and orientation of our sustainable Living Lab (SLL) approach
(Sect. 4.1), are presented. The Sect. 4.2 deals with the relevance of Living Labs
for the transformation process of the socio-economic regime. This process consists
of changing the production-consumption systems towards sustainability through
modifying processes and SPSS on the micro level. SLL focuses on sustainability
innovations and offers a number of new characteristics reflecting the intervention
arenas, which are described in Sect. 4.3. The Sustainable Living Lab approach
offers fundamental sustainability-oriented research infrastructure, in which rele-
vant actors are actively integrated into the development, design and testing of new
PSS aiming for the transition of our sociotechnical regime towards sustainabil-
ity. SLL use a three-phase-model as their methodological framework, a descrip-
tion of which is also provided in Sect. 4.3. The actor integrated innovation process
is described in a case study from Germany dealing with one of the most relevant
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areas of needs: heating and airing. It shows a high potential of social innovation
for sustainable development. This could foster a more human need oriented and
low investment technical development of low-resource SPSS. (see Sects. 4.4 and
4.5). The chapter concludes with an outlook (Sect. 4.6).

Keywords Green economy ° Product-service systems ° Livinglabs + Sustainable
livinglabs sust production and consumption * Transition to sust * Transition path

4.1 Sustainable Product Service Systems—Quality of Life
Within Ecological Boundaries

The World Energy Outlook and the UN Global Environment Outlook have
recently shown that despite of hundreds of internationally agreed goals and objec-
tives the world’s development still remains unsustainable: The accumulation of
greenhouse gases continues to be unabated. Taken into account the current and
intended efforts of China, Japan, the USA, and the EU to mitigate carbon emis-
sions, the global energy demand will grow by more than one-third by 2035 cor-
responding to a long-term average global temperature increase of 3.6 °C. The
UN assessed 90 of the most-important environmental goals and objectives in the
Global Environment Outlook and found that significant progress had only been
made in four of them. A few years prior to these studies, Rockstrom (2009) esti-
mated that at least three planetary boundaries had already been crossed: climate
change, loss of biodiversity and the nitrogen cycle (UNEP 2012; IEA 2012).

In order to keep up the services provided by nature, the following global goals
have been suggested in literature for the target year 2050:

e The ecological footprint per person should not exceed 1.2 ha.

e The worldwide per capita consumption of non-renewable resources should be
less than 5-6 tons per year. This goal implies a tremendous increase in resource
efficiency and a reduction in demand (sufficiency) in industrialized countries.
In Germany and other industrialized countries, for instance, it means a factor
10 increase, requiring an absolute annual improvement in resource productivity
of almost 5 %, starting now in order to preserve ecosystem services. Globally,
resource consumption needs to be reduced by factor 2 (Schmidt-Bleek 1994;
1998; 2007).

Especially the consumption of industrialised nations currently exceeds sustainable
levels by far. Direct material consumption of private households e.g. calculated
in a study in Finland currently amounts to 40 tons per capita and year—which
is approximately five times higher than the sustainable level (Lettenmeier et al.
2014). The largest share of this amount is induced in the fields of demand linked
to housing, mobility and food (EEA 2013; Lettenmeier et al. 2014).

Our welfare production has to happen within the natural system boundaries. It
must be ensured that the ecosystem services provided by nature are not reduced.
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Currently we are consuming more ecosystem services and more natural resources
than nature is providing on a sustainable basis.

Change can only take place through the transformation of production and
consumption systems. This involves the modification of products, services and
business models towards resource-efficient production patterns and lifestyles.
Digitalisation and Industry 4.0, as well as social trends and movements (e.g.
Sharing Economy) account for an increasing relevance and economic recogni-
tion of value chains and prosumer approaches—whether or not these are environ-
mentally friendly will not be discussed here. This makes it even more important
to direct social and technical innovations towards using them to design sustain-
able production and consumption patterns in an actor integrated way (Liedtke
etal. 2013a, b; 2015b). However, further interactions and structures for the
development, implementation and diffusion of these sociotechnical innova-
tions are required. One suitable concept is that of Living Labs (Almirall and
Wareham 2008; Mulder and Stappers 2009; Pallot et al. 2010) and especially SLL
(Bergvall-Kareborn 2009; Baedeker et al. 2014; Liedtke et al. 2015¢). These con-
cepts develop new prospects of change for the production and consumption sys-
tem based on the existing sociotechnical system, which are then sampled in real,
day-to-day situations involving both the group of people affected and supporting
actors. This approach needs i.a. an economically sustainable and stable model
such as that of Green Economy. Green Economy requires sociotechnical innova-
tions—which should provide the foundation for appropriate business models—and
the development and promotion of a low-resource society and lifestyles (Liedtke
et al. 2015a, b).

4.2 Green Economy—A Possible Approach for Sustainable
Socio-Economic Systems

In recent years the concept of ‘Green Economy’ has emerged as a strategic pri-
ority for governments and intergovernmental organisations (e.g. UNEP 2011;
OECD 2011). In Europe, it prominently features in a range of medium- and long-
term EU programmes and strategies, including the Europe 2020 Strategy, the 7th
Environment Action Programme, the EU Framework Programme for Research and
Innovation (Horizon 2020) and sectorial policies in areas such as transport and
energy.

A Green Economy essentially is one in which socio-economic systems are
organised in ways that enable society to live well within planetary boundaries. The
concept therefore has several dimensions.

There is no internationally agreed definition of the term Green Economy but the
existing definitions by different relevant international organisations such as UNEP,
UNDP, OECD, World Bank and EEA are broadly characterised by three main
objectives (see EEA 2014):
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e Improving resource use efficiency: a Green Economy is one that is efficient in
its use of energy, water and other material inputs,

e ensuring ecosystem resilience: it protects the natural environment, its ecosys-
tems’ structures and flows of ecosystem services, and

e enhancing social equity: it promotes human wellbeing and fair burden sharing
across societies.

These objectives are addressed in different depth and scope by the definitions of
relevant international and national organisations.

Green Economy is clearly defined by UNEP (2011, p. 19) as a vehicle that facili-
tates the transition to sustainable development: “moving towards a Green Economy
must become a strategic economic policy agenda for achieving sustainable devel-
opment. A Green Economy recognises that the goal of sustainable development
is improving the quality of human life within the constraints of the environment,
which include combating global climate change, energy insecurity, and ecological
scarcity. However, a Green Economy cannot be focused exclusively on eliminating
environmental problems and scarcity. It must also address the concerns of sustain-
able development with intergenerational equity and eradicating poverty.”

The OECD (2011, p. 19) focuses the discussion on Green Economy on “green
growth” and points out that green growth means fostering economic growth and
development while ensuring that natural assets continue to provide the resources
and environmental services on which our wellbeing relies. To do this it must cat-
alyse investment and innovation, which will underpin sustained growth and give
rise to new economic opportunities.

The WWEF (2012, p. 7) underlines that “green economies should improve peo-
ple’s wellbeing, and restore, maintain and enhance the healthy natural environ-
ment that people and other species need to survive and thrive. Green economies
are a means to achieving sustainable development and should therefore be based
on the principle of equity within and between generations. Global sustainable
development goals are required to build a shared understanding of the outcomes
that economies should achieve, in terms improving human wellbeing and main-
taining natural systems.”

Green Economy Coalition—GEC (a group of NGO’s, trade union and other
organisations) defines a Green Economy as “a resilient economy that provides a
better quality of life for all within the ecological limits of the planet”(GEC 2015).

The European Commission (EC 2011, p. 4) notes that Green Economy is
“an economy that generates growth, creates jobs and eradicates poverty by invest-
ing in and preserving the natural capital upon which the long term survival of our
planet depends. It can also launch the necessary reform of international sustainable
development governance.”

The German Ministry of Education and Research (German BMBF) states that
“The Green Economy’s vision is of an internationally competitive, environmen-
tally and socially sustainable economy. The concept combines ecology and econ-
omy positively with each other. Green Economy increases social welfare, fights
poverty and aims at social justice. Against the background of recognized ecologi-
cal limits, an environmentally friendly, high-quality and thus sustainable growth
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based on a comprehensive understanding of the relationships in business, finance
and politics, should be made possible. The aim is to develop modified, sustain-
able production and consumption patterns, in order to ensure prosperity and a
high quality of life worldwide and especially to future generations. Besides the
positive impacts on environment and society, the competitiveness and resilience of
Germany’s position will also be strengthened.” (BMBF 2014, p. 3).

In Table 4.1 an overview of the main ecological, social and economic objec-
tives of the definitions above are presented.

The usually concerted balance of the target definition between the three dimen-
sions, which follows a Green Economy, is surprising. It is obvious that, in gen-
eral, they have a nearly common understanding of Green Economy. Beside the
ecological balance orientation the definitions seek social justice and wellbeing. It
remains rather unclear which structural changes in the economic field will be pur-
sued to support the balance of ecosystems and social development. At micro level

Table 4.1 Ecological, social and economic characteristics of a Green Economy addressed in the

relevant definitions, source Wuppertal Institute 2015

Ecological Social Economic
Environmentally Socially sustainable (BMBF) Internationally competitive and
sustainable (BMBF) Improving social equity (UNEP) resilient economy (BMBF)

Socially inclusive (UNEP)

Ensuring social welfare (BMBF)

Resource efficient (UNEP)

Recognized ecological

Poverty eradication (BMBF)

Catalysing investment and

limits (BMBF) innovation (OECD)
Ensuring ecosystem Supporting social innovations Generating high-quality sus-
resilience (EEA) (EEA) tainable growth (OECD, EC,

BMBF)

Preserving the natural
capital (EC)

Increasing social justice (BMBF)

Creating and securing jobs
(OECD, EC)

Maintaining and enhanc-
ing the healthy natural
environment (WWF)

Improving quality of human life
(UNEP)

Eradicating poverty by invest-
ing in and preserving the
natural capital (OECD)

Low carbon (UNEP)

Based on the principle of equity
within and between generation
(WWF)

Enhancing technological pro-
gress and innovation

Significantly

reducing environmental
risks and ecological
scarcities (UNEP)

Supporting social justice (BMBF)

Increasing social welfare
(BMBF)

Providing a better quality
of life for all within the
ecological limits (GEC)

Improved human wellbeing
(UNEP)

Encouraging sustainable
production and consumption
patterns (BMBF)

Prevention of the loss of
biodiversity and ecosystem
services (UNEP)

Social equity (UNEP)

Resilient economy (GEC) that
improve people’s wellbeing
(GEC, WWF)

Combating global climate
change (UNEP)

Social resilience (BMBF)

Growth in income and employ-
ment driven by public and
private investments (UNEP)
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the approach of Sustainable Living Labs gives the possibility to develop a business
model, under the premises of the environmental, social and individual sustainable
development, to gradually help achieving structural changes in the economic struc-
ture. This will be exemplified in a case study from the SusLabNWE project (see
Sect. 4.5). The contribution of Sustainable Living Labs to implement such visions
and goals of Green Economy will be reflected in the outlook of this section.

To bend the frame in which the Sustainable Living Labs develop this, eight core
components for a sustainable transition towards sustainability are named, where
Sustainable Living Labs can develop and test a transition role and transition paths.
These are included once more in the Outlook and connected to the Case Study and
the lessons learned.

4.2.1 Transition to a Green Economy—Eight Core Intervention
Arenas Relevant for Sustainable Living Labs

Sustainable consumption and production within the Green Economy constitute
a future market whose potential for our society’s development has yet to be fully
exploited. Actor interaction in the context of sustainable production and consump-
tion is complex (see Fig. 4.1). Eight points of reference demarcate the arenas in

Ecosystems — Material and Space are limited

Q

ResourceCulture — Design of a Resource-Light Society

Services

o Future Orientation

.

he e

3

o L5)

Exploration and
Transition Orientation

degree of
transformation

water et N ETTTY
o

regime

©)

socio-technical

Goal and Result Orientation

actors

°Orientation of Competences

air

flora and fauna
Land, Abiotic and Biotic Resources

niches
innovations

time

e Process and Product Orientation

Production Disposal /
Recycling

Product Service Systems

land

-4

Fig. 4.1 Transition to a green economy—eight core points of reference relevant for sustainable
Living Labs, source Liedtke et al. 2015b based on Geels 2004, 2010, Geels and Schot 2007
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which this interaction must take place: a socially accepted value is attached to avail-
able material and immaterial resources, and this Resource Culture (8) forms the
requisite basis for the implementation of sustainable production and consumption
systems with a future focus (1). Conservation of ecosystem services (2) is the pre-
requisite for life on Earth and economic activity. In order to stay within planetary
boundaries, goals must be defined as guard rails (3), compliance with these guard
rails helps to ensure that our economic systems are sustainable and low-resource.
This approach to resource management requires infrastructures and governance
structures, which provide a frame of reference and guidance (4) for users and stake-
holders as they develop low-resource technologies, processes, products and services
(5). Users construct their environment themselves, working together. Through open-
didactic exploration (6), which aims at supporting the transition to sustainability,
users are empowered to play an active role in the design of complex systems (7).

This creates the framework for developing low-resource product-service sys-
tems, which are products and services that are highly serviceable to users while at
the same time consuming less resources from cradle to grave or cradle, meaning
from resource extraction, production, transport and usage to disposal or recycling.
Such properties can and have to be considered already at the stage of develop-
ing and designing PSS (Schmidt-Bleek 1994, 2007; Schmidt-Bleek and Tischner
1995; Liedtke et al. 2013a, b; Irwin 2011; Manzini 2015; Walker 2006, 2014).

Low-resource SPSS (balanced use of ecosystem services) can help to act more
sustainable in everyday life by promoting more corresponding social practices
(Shove et al. 2012). To do so, Sustainable Living Labs offer a relevant sustaina-
bility-oriented research and development infrastructure, in which relevant actors
are actively integrated into development, design and testing of new future SPSS
(future orientation, Liedtke et al. 2015c).

Sustainable production and consumption are fundamental strategies for a broad
social transition towards a more sustainable sociotechnical regime and Green
Economy. In essence, all products, services and infrastructures on which we rely
should be sustainable and low-resource (goal orientation). This could be achieved
through the development of user-centred product-service systems, which integrate
efficiency, consistency and sufficiency strategies (process and product-service orien-
tation) into production-consumption systems (actor and structure orientation—chang-
ing the sociotechnical regime). Diverse and creative solutions and innovations help
to ensure that sustainability gains are not simply cancelled out by additional con-
sumption (rebound effects). Instead, positive rebound effects should be fostered by
mainstreaming sociotechnical niche innovations, thereby reducing resource consump-
tion in absolute terms while enhancing quality of life and wellbeing (implementing a
resource culture—designing a low-resource society). There is potential for action by
all user and stakeholder groups here, which need a complex frame structure for their
training, experience and competence development in a complex, exploration oriented
environment. The development of user-integrated sustainable product-service-systems
can shape the transition to a Green Economy in a more sustainable society (Liedtke
et al. 2015b). This eight core intervention arena has to be addressed for a transition
towards a sustainable and resilient economy—SLL includes this challenge.



42 C. Baedeker et al.

4.3 Living Labs in a Green Economy—An Approach
for Transforming the Production and Consumption
System

Since industrialization the production systems have been focused on an important
part of the economy responsible for producing welfare and socio-economic pro-
gress. Households and the interaction of the production and consumption systems
were only the “black box™ on the demand side. The Homo economicus has been
perceived as an actor with a high and well-known deciding and behaviour struc-
ture. However, social sciences, evolutionary economic! and market research as
well as the latest neuromedicine have shown that deciding and behaviour pro-
cesses are relatively unknown. They are of high complexity and diversity (Striink
et al. 2012; Liedtke et al. 2008a).

The sustainability research shows the need for a holistic approach taking into
account and transforming the production-consumption-system. Only sustainabil-
ity-oriented efficiency and sufficiency strategies will be able to solve the future
tasks, challenges and problems. Thus the future potentials for resource efficiency,
climate change, poverty reduction and broadening welfare lie in the fields of indi-
vidual decision processes and behaviour combined with organizational learning
processes recognizing social context situations. Therefore, we need more informa-
tion and research results about these processes, we need more knowledge about
what people want and how they use products and services in their living environ-
ment at home, on the road and on their job. Such an interactive, scientific and
stakeholder integrative research approach needs real-life test beds, kits and frame-
work conditions (Liedtke et al. 2008b).

Living Labs should give the possibility of using a technical and social flexible
framework for analysing the production-consumption system interaction. The con-
ditions of the test bed have to be configured based upon the investigated social
context to enable the optimisation of production-consumption systems. Hence it
is necessary to analyse people in their real social context and day-to-day situa-
tions, preferably lifelike. The brand of the Living Lab design is a combined and
integrated technological-socioeconomic approach to enable optimised interaction
of production and consumption. Technological and social innovations can only
be developed interactively (Almirall 2009; Almirall and Wareham 2008; Mulder
et al. 2008; Mulder and Stappers 2009; Bergvall-Kareborn 2009; Pallot et al. 2010;
Geibler et al. 2014; Liedtke et al. 2008b; Liedtke et al. 2015¢).

The Living Lab can be a strategic research instrument for science, compa-
nies and society. It should help to generate competitive advantages by matching

"Evolutionary economics is a part of economics that is inspired by evolutionary biology. Much
like mainstream economics it stresses complex interdependencies, competition, growth, struc-
tural change, and resource constraints but differs in the approaches which are used to analyze
these phenomena (Friedmann 1998).
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sustainable requirements and contributions. It should give the possibility of
arranging a competition of product-service systems for the highest resource effi-
ciency solution (including benchmarking processes). A Living Lab should support
both testing newly designed and developed product-service-systems and support
the basic research agenda for analysing the developing processes of existing pro-
duction and consumption patterns. For public awareness it is necessary to commu-
nicate the results and to position the product-service systems in a global economic
system. Users should be actively integrated in research for the best sustainability
solution (Bergvall-Kareborn 2009; Liedtke et al. 2008b, 2015¢).

Research results also show that product mixes, perceptions, valuations and
behaviour patterns inside of a single social milieu and between different milieus
vary significantly. The resource input can be different by a factor of seven in the
same social milieu (Kleinhiickelkotten 2005). If this is a realistic result, people
use a comparable product mix very differently. Living Labs must allow to test
and arrange verified research concepts i.e. focusing on custom-fit product and
service mixes in different types of households (i.e. an average basket of goods
of a specified type of household) or phases of life with their conditions (families,
young singles, young old people, old- or middle-aged people, disabled people,
etc.). Indicators for resource efficiency—from cradle to cradle—and sustainabil-
ity should be measurable so that potential contributions to different national,
European and company’s sustainability strategies can be evaluated (Liedtke et al.
2008b).

4.4 From Living Labs Towards Sustainable Living Labs

The Green Economy concept promotes investments in sustainability innovations
as leverage for a low-carbon, resource-efficient and socially inclusive economy.
Technological or social innovations alone cannot achieve the necessary system
changes. Innovative sociotechnical strategies and their experimental testing are
needed to offer steps towards the named sustainability goals through product-ser-
vice-systems (PSS).

The Sustainable Living Lab approach is based on four points of departure. The
most fundamental consideration is the assumption that a Living Lab infrastruc-
ture could be used to foster sustainable development and, thereby, meet the chal-
lenges in climate change, scarcity of resources and reduced richness in species that
pose threats to human economic activities and human existence in general. The
second consideration puts user-centred innovation processes in the focus of this
strategy. The fact that Living Lab enters globally interwoven production-consump-
tion systems argues for the third point of departure, namely the need for a holistic
approach to allow for resource saving innovations on a systemic level. The fourth
cornerstone of our Living Lab infrastructure is formed by the focus on the home as
the most significant manifestation of a private household and as a hub in the sys-
tem of production and consumption (Jong et al. 2010).
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Sustainable patterns cannot be achieved solely through technological efficiency
innovations. Many product service innovations with a high sustainability poten-
tial fail because they are rejected by consumers or create negative rebound effects
(Sorrell 2007; Druckman et al. 2011). Another important factor is unexpected
user behaviour or the incorrect application of potentially sustainable efficiency
innovations (Liedtke et al. 2012a, b). Living Lab can be defined as “a user-cen-
tric innovation milieu built on every-day practice and research, with an approach
that facilitates user and actor influence in open and distributed innovation pro-
cesses engaging all relevant partners in real-life contexts, aiming to create sustain-
able values” (Bergvall-Kareborn et al. 2009, p. 3). The Sustainable Living Lab
approach is gaining more and more importance on different political scales (inter-
national, national, regional, local). The approach of real-life laboratories combined
with user/actor-integrated innovation research has found ample support in recent
years in different research programmes of international and national research pol-
icy and funding agendas (e.g. Horizon 2020, INTERREG, Climate KIC Initiative,
German Ministry of Education and Research).

Sustainable Living Labs (SLL) are a locally based regional, national and inter-
national infrastructure set up to enable innovation processes in which users and
value chain-relevant actors actively participate in development, testing and market-
ing phases. Interactive innovation processes take place gradually in users’ real life
surroundings (user observation, field tests) and user interaction laboratories (e.g.
for prototyping). An SLL, led by sustainability criteria, aims to contribute to global
and universally applicable patterns of production and consumption, including the
actor-integrated development of business cases, enabling transition processes to be
marketed to companies and users (Liedtke et al. 2015c¢; Geibler et al. 2012).

Compared to existing Living Lab approaches the Sustainable Living Lab infra-
structure offers a number of new qualities. In addition to our clear focus on sus-
tainability innovations, the systematic connection of product-service-systems
development to Living Lab is not yet an established field of research. Furthermore,
SLL offers the unique combination of laboratory situations in a Living Lab with
real-life experiments in urban districts, in which households are asked to become
involved in the development process on a voluntary basis. Thus, the product-ser-
vice-systems developed in a user-integrated innovation process will have a greater
chance of being distributed successfully (Liedtke et al. 2015c).

The European infrastructure and methodological framework (three-phase
model of research) developed with several research and business partners in
the Living Lab Design Study (2008-2010) led by the TU Delft is unique. The
three-phases model (Insight Research, Prototyping, Field Testing, see 2) has
been adopted and further developed in the project “SusLabNWE—Creation
of a Networked Infrastructure for Innovation on Sustainability in the Home
Environment” (2012-2015), financed by INTERREG. In the first phase, the
Insight Research, the existing status quo in a field of interest is explored and the
required level of change is analysed in the real-life environment of actual house-
holds. In the second phase, during Prototyping, actual product-service-innova-
tions are developed and tested in the Living Lab facilities. In the last phase, Field
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Testing, developments are evaluated and redesigned if necessary. Throughout the
development resource efficiency and saving potentials of the new prototype will be
evaluated (Bakker et al. 2010; Welfens et al. 2010).

The European SusLabNWE project sets up an international infrastructure of
Sustainable Living Lab test facilities (Fraunhofer inHaus, Living Lab-Container
at Hochschule Ruhr-West) and real-life experiment settings at different loca-
tions, which co-operate in user-centred development of sustainability innovations
around the home. The focus area of the German consortium is located in the Ruhr
area in North Rhine-Westphalia (NRW). The real-life experiments are set up in
the model region, which is involved in SusLabNWE as the regional SusLabNRW
sub-project.

4.5 SusLabNWE in Germany: Implementation of the
Three-Phases Model as a Framework for PSS
Development Towards a Green Economy

The above-described methodology (see Fig. 4.2) is concretised and applied in the
German focus region Innovation City Ruhr, Model Town Bottrop. All actions are
aligned to the three-phases model of research (see Fig. 4.3 Case study design).
During Insight Research a pre-analysis of heating energy consumption in the
building stock of Innovation City was carried out and monitoring continued for the
whole length of the project. Until today around 1200 interviews have been con-
ducted through energy consulting by Innovation City Management GmbH. With
an associated pre-analysis of building characteristics the comparison of heating
energy consumption has been possible, depending on different types of buildings
in Innovation City Ruhr. Further insight research has been conducted by analysing
heating and cooling behaviour in recruited households in the Model Town Bottrop.
Sensor technology (mobile data loggers) has been applied in 80 households in the

Insight Research

Prototyping Field Testing

Household-analysis of material
flows and patterns of actions in
their context

Assignment

Scenario- and prototype
development in the Living Lab

Sensor technology, interviews,
MIPS, observations, network
analysis, user reenactment

Methods

Design-orientated scenarios
(DOS), co-creation workshops,
InSitu-tasks

Fig. 4.2 The sustainable Living Labs three—phases model of research, source Liedtke et al.

2015c¢, p. 111

Test and evaluation of the proto-
type in the field with extended
scope (temporal and areal)

Stakeholder analysis of diffusion,
sensor technology, diaries,
interviews, workshops
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Fig. 4.3 Case study design: methods conducted in the three-phases model in SusLabNWE in
Germany, source Liedtke et al. 2015c, p. 112

winter pilot 1 (Winter 12/13), measuring room temperature, CO2-concentration
and humidity for a period of one week. Participants were asked to write down
when they were at home, opened a window and for how long. If possible, energy
consumption was monitored through the entire time or at least once a day
(Grinewitschus et al. 2013). In the winter pilot 2 (Winter 13/14) the Prototyping
Phase started. Within the Prototyping 40-50 households were equipped with the
data loggers mentioned above for two weeks each. All companies involved in this
project participated during this prototyping phase either by providing home-auto-
mation systems or CO2 ms, which visualize indoor air-quality (measured by CO2
level) using the colours of a traffic light. Within the first week a ‘basis measuring’
was conducted, whereas in the second week the home-automation systems and
CO2 m were installed. In this manner the impact of these different user feedback
advices (home automation system, CO2 m) can be revealed and measured. It was
proved that these user feedback advices lead to savings of energy consumption of
up to 25 %.

Furthermore, within the period of winter pilot 1, qualitative interviews, com-
bined with a participant observation to also consider nonverbal information and
unconscious actions, were conducted in 6 households, which focused on social
practices related to warmth, comfort, room airing or welcoming guests at home.
Within the winter pilot 2 a network analysis on the influence of household advice
relations i.e. to neighbours, friends but also heating maintenance personnel was
conducted resulting in network maps (see Chap.15 Actor and network analy-
sis). In the phase of Insight Research also the connection of energy and material
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consumption was analysed. Further, we assume that different household types
exist with characteristic attributes in (1) energy consumption and (2) resource
consumption and that these attributes are connected with (3) ownership and pur-
chase behaviour and (4) time management patterns. To analyse these relations we
implemented an experiment design comprising classification of households within
social milieus (see Chap. 19 Household Typology and social milieus), Material
Input Per Service unit (MIPS) analysis as well as characterisation of ownership,
purchase and time management behaviour (see Chap. 21 Material Footprint of
household activities).

4.6 SusLabNWE in Germany: Results and Further
Developments

The assessments of the described measurements and questionnaires confirm
the assumption that the deciding point in energy efficiency is not the technical
equipment and rehabilitation measures but the behaviour, knowledge and per-
sonal sensation of the user. We found that the user influence especially outshines
investment-heavy measures. For example zero energy homes become dissipative
homes when a terrace door is always open. In contrast simple and investment-low
measures (like smart home systems, CO2 meter) can have much larger effects on
energy efficiency. It can be shown that technical improvements used to calculate
saving potentials are annulled by user behaviour. The predicted savings of ther-
mal insulation or more efficient heating systems are often not reached in practice.
Next to user behaviour we found maladjustments of heating systems responsible
for high energy demand. Solutions for this must be found with user, producer
and maintenance group combined. The results in the phases Insight research and
Prototyping proved the necessity of an user and stakeholder integrated develop-
ment of products-service systems.

The implementation of the three-phases model in Germany in close interaction
with households, companies, energy consultants and researchers led to the conclu-
sion that a custom fit energy consultation like it is intended in the City of Bottrop
requires the development of an innovative product-service-system. Therefore,
a concept for user and household centred energy efficiency consulting for ten-
ants and homeowners in the field of heating within SusLabNWE in Germany was
developed. The concept is based on a pre-analysis of the energy efficiency potential
by using the evaluation methods developed in the SusLab project (e.g. user- and
household-centred sensoring, feedback systems). The ‘“product-service-system”
is based on the idea to receive in-depth insight into the room-climate of a client
using a portable measurement technology. The collected data during a fixed period
of time will serve as a basis foundation for further analyses by the energy con-
sultant. The analysis of room climate delivers a first impression on social practices
and user behaviour, climatically facts (like humidity, temperature), heating system
functionality and building insulation characteristics. Based on the results a suitable,
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economically optimized proposal of measurements (product service solutions) for
increasing energy efficiency can be given to tenants and homeowners. The distin-
guishing feature of the customized energy consultation on the one hand roots in its
foundation of individual sensoring data (humidity, temperature, energy consump-
tion) within the households over a longer period of time. On the other hand it roots
in tailoring advice specifically to the individual results of sensor measurements and
focusing on low investment measures leading to behavioural changes.

The Innovation City Management GmbH in Bottrop developed in cooperation
with the Hochschule Ruhr West and the Wuppertal Institute the concept “Heating
plus”—a product-service-system (PSS) for Energy Consultation.

Focus of the PSS “Heating plus” is the activation of energy efficiency potentials
in private households through low-investment measures in a product-service-sys-
tem: it combines energy consultation for households with individual measurement
of indoor climate (temperature, humidity, CO2-level), which is easily applicable at
a low price, and low-investment measures to feedback users with information on
ventilation behaviour. Accompanying this, a qualification for energy consultants
and handicraft service suppliers, active in the field of heating, will be developed
for the application of the PSS. It is central to not only develop a PSS that focuses
on technical influence on the user but to establish which technology supports the
user to become aware of and shape routines of heating behaviour, experiment
with them in everyday life and train them—in the sense of evolving from action
to knowledge. The aim is to enable learning by experience and open up a crea-
tive space on the interaction of social practices in households and not to denounce
“wrong” user behaviour.

The PSS “Heating plus” can be summarized in the three main steps:

Collecting data: Metering in households

Pre-Consulting: optimized individual/user- and household-centred consultation.
Implementation of user-fit products and services

Qualification of energy consultants and handicraft service suppliers

Innovativeness lies in the development of a PSS by strongly integrating users and
stakeholders along the value chain of heating through Sustainable Living Labs.
Additionally, the form of energy consultation in the PSS by combining it with
measurement and user feedback, which enables to identify individual needs and
advices very specifically, is an innovation, which can activate considerable energy
savings in private households. Based on the state of the art in research and own
prior results saving potentials of heating energy of 15-20 % are possible by apply-
ing the concept of “Heating plus”. Thus, between 1,050 and 1,400 kWh/a of heating
energy, between 288.12 and 384.16 kg CO2-equiv./a and up to 90 € per household
can be saved each year.? Accumulated to 40.2 million households in Germany
(2014) this would mean a reduction of 15.4 million tonnes CO2-equiv. per year.

2Assumptions for average households: Gas heating, 70 m? living space with a heating energy
demand of 100 kWh/m?/a and emissions of 0.2744 kg CO2-equiv. per kWh as well as costs of
6.52 Euro CT/kWh.
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Within SusLabNWE the concept of PSS “Heating plus” was developed. To
finalize this new concept additional funding is necessary. Therefore new capital
should be acquired in future projects to enforce the realization of the concepts.

4.7 Outlook: Sustainable Living Labs as a Transition Path
to Green Economy

The article shows that Sustainable Living Labs can play an important role in the
operationalisation and implementation of a Green Economy based on sustainabil-
ity innovations. They represent an experimental setting for implementing Green
Economy, where technological and social innovation could be developed and
tested.

Key dimensions for Sustainable Living Labs in the Green Economy are (based
on Geibler et al. 2015 forthcoming):

e Innovations for a Green Economy have the objective of contributing to trans-
form production and consumption systems towards sustainability. This includes
a progressive structural and sociotechnical change of business models, value
chains and lifestyles that can be supported by the development of low-resource
and sustainable product-service-systems.

e This change can only be successful if system-relevant actors are involved in
innovation and development processes. Next to science and business, consumers
such as households and governance-shaping actors are important. They should
be integrated into Living Labs for a Green Economy towards sustainability.

e The current focus of innovations for a Green Economy, other than for sustain-
able development, lies on the ecological and economical dimensions of sustain-
ability—although the definitions of Green Economy fundamentally emphasize
the social and societal aspects. Accordingly, the innovation processes in Living
Labs for a Green Economy should be aimed at developing low-resource prod-
uct-service-innovations that implicitly co-address these aspects in the develop-
ment or modification phases.

Therefore, in order to measure a contribution of innovations for Green Economy
to sustainable development (integration of the aspects mentioned in the definition),
a good methodology for evaluation, a solid data base and a meaningful set of indi-
cators are needed, which should be taken into account from the innovation process
and dynamically be developed further.

Looking at SusLabNWE innovations for Green Economy could be operational-
ized in the case of the product-service-system (PSS) concept “Heating plus”. This
case shows explicitly that within such a research infrastructure low-resource and
sustainable product-service-systems could be developed and tested effective by
integrating all actors of the value chain such as producers, installers, households,
consultants and municipality.
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In conclusion it can be said that in the Sustainable Living Lab research with its
inter- and transdisciplinary design the eight components of sustainable transition
described above are relevant and interacting (see Fig. 4.1). The implementation of
SLL in SusLabNWE in Germany in relation to the “Heating Plus” case shows that
at the micro level the approach of Sustainable Living Labs gives the possibility
to develop business models, under the premises of environmental, social and indi-
vidual sustainable development helping to achieve structural changes in the eco-
nomic structure due to product-service-systems. Most relevant for the SLL based
research are social practices and needs that derive from social contexts, embedded
into cultural, societal, environmental and political frameworks. Therefore SLL can
lead to sustainable production and consumption patterns focusing on sociotechni-
cal innovation, cooperation, participation and interaction in value chains. They are
a necessary vehicle for the transition path to Green Economy and they will play an
important role on its implementation.
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Chapter 5
Living Labs to Accelerate Innovation

David V. Keyson, Gregory M. Morrison, Carolin Baedeker
and Christa Liedtke

Abstract A key goal of LivingLabs is to provide industry, including large com-
panies and SMEs, knowledge institutes and policymakers with a unique new
infrastructure in testing and the co-development of sustainable products, services,
legislation and combinations of these, takes place directly with users. The three-
Tier Model of living lab research which aims to connect industry, academic, and
public stakeholders, while facilitating user-centred studies, is presented in this sec-
tion consisting of: (a) insight research involving the study of current practices in
existing homes, (b) studies in prototype houses equipped with innovative products
and services focused on sustainable living, and (c) field testing, in which research
prototypes are up-scaled such that existing homes can be equipped with innovative
sustainable technologies.

Keywords Living labs - Research through design + Three-tier model + Innovation

5.1 The Three-Tier Model

Living labs as real-world test beds offer the potential to accelerate the innova-
tion processes by which users, designers, and other stakeholders actively par-
ticipate in the development, testing, and diffusion of new products and services.
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The innovation processes are examined using observational techniques and proto-
types positioned in existing homes as well as in living laboratories for short-term
studies on sustainable living. The living labs are designed to provide a context
in which users can interact with and report on sustainable innovations and share
experiences on living routines. Central to living labs is the development of user-
centered design research methodologies and measures for in situ studies which
can provide insights into the usability and adoption of sustainable innovations for
industry, public and academic stakeholders. Living Labs can contribute to global
and universally applicable patterns of production and consumption in compli-
ance with measures of efficiency, sufficiency, and consistency. Design is led by
the application and development of criteria for sustainability from an integral
perspective.

The ability to be creative and innovative in a society influenced by stress, lack
of time, and other factors, while harnessing the technology available in today’s
knowledge society is key towards increasing the overall productivity of future
societies. While technology enables new value-chains, product and service devel-
opment, increasingly there is need to focus on true user requirements and social
innovation in order to be successful in today’s increasingly global and competitive
market. New R&D and innovation methodologies need to be developed to meet
the challenges.

The Living Labs concept can be generally understood as the ability to bring
user, technology and business into an open innovative development process that
establishes real life environments. The concept supports long-term cooperation,
co-creative research and development by involving at an early stage the user in
the innovation process for ‘sensing, prototyping, validating and refining complex
solutions in multiple and evolving real life contexts’. The long-term coopera-
tion between researchers, companies and end users distinguish this concept from
other approaches, which revert to traditional methods. In this regard heterogene-
ous empirical methods have been applied to studying behavior and media usage
(Eriksson et al. 2005).

SusLabNWE (Sustainable Lab North-West Europe) aimed to resolve territo-
rial challenges related to industrial competitiveness and sustainability in North
West Europe. In reports from the European Commission (‘Design as a driver of
user-centered innovation’) and policymakers such as DTI in the UK (‘Creativity,
Design and Business Performance’) and by the Dutch government (‘Value of
Creation’) user-centered design and development is highlighted as a key driver to
increase innovation and competitiveness.

As Europe moves from an advanced industrial economy to one that is knowl-
edge-based, the region must work together to change output from industrial
goods to tailor-made products and services taking into account consumer needs
while ensuring a sustainable society. Janez Potocnik, European Commissioner for
Environment, noted its impact on sustainability when stating that to meet EU2020
targets for resource efficiency, it is critical to change the behavior of European
consumers, to work on people’s awareness, and to influence their habits (ESDN
Quarterly Report 2015).
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Many companies, especially those involved in fast-moving consumer goods
have recognised the need for user insight in product development and have
adapted their development approaches accordingly. Companies, such as those
involved in designing complex building integrated products (heating systems,
building materials, solar panels, etc.), in many cases do not sell directly to the
consumer, and are only now starting to follow a user-centric design approach.
However, in many cases the expertise and facilities to enable such an approach are
lacking.

5.1.1 Co-development

A key goal of LivingLabs is to provide industry, including large companies and
SMEs, knowledge institutes and policymakers with a unique new infrastructure in
testing and the co-development of sustainable products, services, legislation and
combinations of these, takes place directly with users (Fig. 5.1).

5.1.2 Approach

Traditional methods for generating insights on consumers rarely make it possible
to experience the full benefits of new or hypothetical products, and often fail to
predict accurately whether consumers will understand the technologies that under-
pin truly innovative products. As a result, new products and innovations often fail
in the market, and companies have increasingly poor returns on their investment in
product innovation.

Users Public

Academia Firms Results

Emerging
Technology

Fig. 5.1 Key actors in market and enabling technology in co-design process
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(c)

Fig. 5.2 Three-tier model of research in the LivingLab design study

The involvement of users in the design and evaluation process of sustainable
technologies is fundamental to developing usable and acceptable products and ser-
vices. Central to involving users is the living lab R&D methodology where inno-
vations such as services, products or application enhancements are created and
validated in collaborative multi-contextual empirical real-world environments.

5.1.3 LivingLabs Model

With the goal of setting up a living lab infrastructure, including use of existing
homes and a network of research houses, SusLab NWE built on the EU Living
Lab project. The project was a 2-year design study completed in January 2010 that
focused on the role of Living Labs as a platform for observing and influencing
sustainable user behavior in real-world environments via innovations in sustain-
able products and services. Within the Living Lab project, a Three-Tier Model of
research was developed, consisting of (a) Insight research involving the study of
current practices in existing homes, (b) studies in prototype houses equipped with
innovative products and services focused on sustainable living, and (c) field test-
ing, in which research prototypes are up-scaled such that existing homes can be
equipped with innovative sustainable technologies (Fig. 5.2). For example based
on a common research approach, the partners in the SusLabNWE configured the
testing toolkits, lab infrastructure and ICT backbone which contribute to building
up the testing locations.

5.2 Research Through Design

Living Labs offer a flexible infrastructure that is well suited for design research.
A number of alternative design proposals can be positioned in a design research
framework. Research through design focuses on the role of the product prototype
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as an instrument of design knowledge enquiry. The prototype can evolve in
degrees of granularity, from interactive mockups to fully functional prototypes,
as a means to formulate, develop and validate design knowledge. The designer-
researcher can begin to explore complex product interaction issues in a realistic
user context and reflect back on the design process and decisions made based on
actual user-interaction with the test prototype. Observations of how the prototype
was experienced may be used to guide research through design as an iterative pro-
cess, helping to evolve the product prototype.

Given the design challenge of developing products that may be complex in
terms of function and context of use, research through design can provide a means
to increase the external validity of a given design concept. However, though the
research product prototype may develop into a highly desirable design through a
series of rapid design iterations and validations, it is often difficult for the designer
to reverse engineer the resulting final prototype and form a substantial contribu-
tion to design knowledge in terms of generalizable results. On the other hand
controlled lab studies exploring a certain aspect of interaction, may lead to high
internal validity but findings may be difficult to generalize and apply in context
when not integrated as part of the total product experience. Empirical Research
Through Design as a method builds on the notion of Living Labs in which con-
trolled empirical studies can be integrated into real-world working prototypes as
a means to gain deeper insights into interaction issues and to contribute to design
science. In this manner data-driven field findings are fed back into the theoretical
model of interaction behind the prototype concepts (Keyson and Bruns 2009).

In developing a field prototype it is important not to confound the research
variables. For example, if one is trying to study voice versus touch interfaces it
is important that the visual interface be the same in both variants. Cumulative
designs that vary across multiple dimensions for each test may confound statistical
analyses and create difficulties sorting out dependent and independent variables.
Furthermore the field prototype should be robust enough so as to function in longi-
tudinal studies without requiring dedicated support and be intuitive to operate.

As detailed in Fig. 5.3 below the primary process of ERDM is based on the fol-
lowing phases:

e Hypothesis forming. This step is so critical, many designers jump into a design
process without any working hypothesis.

Iteration 1 to n

Design

Participant Study

Findings

Conclusions—feed forward into next Design Iteration

Final Design

Final Evaluation
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Fig. 5.3 The empirical research through design method process (ERDM). Multiple designs with
embedded research variables are rapidly prototyped and piloted, leading to a final experiment
involving a limited set of design variants

5.3 Continuous Involvement of User Communities

The challenge in increasing acceptance of technologies which can foster sustain-
able living, such as energy feedback systems, lie not in the introduction of more
and more product and service interfaces, rather in focused studies on usability
issues and user needs and aspirations in relation to their daily living routines.

To understand the full scope of user demands and needs in relation to the
acceptance and eventual adoption of sustainable technologies, it is important to
involve users in the design process as well as in the experience of new technical
artefacts. Sleeswijk Visser (2009) argues that the same users should participate
at all the different stages of the design process. Such ‘returning participants’ can
more effectively give feedback, as they already have a relatively deep understand-
ing of the application’s concepts.

The three-tear approach enables local communities to take part in design driven
studies via early insights studies in their homes, experience directly innovations in
dedicated research houses, and evaluate the introduction of new products and ser-
vices in their own dwellings. In this manner localized comparative studies can be
conducted in which research houses serve as an incubator and catalyst for increas-
ing the chance of adoption of sustainable innovations in the homes of the users.
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Chapter 6
Splashing: The Iterative Development of a
Novel Type of Personal Washing

Lenneke Kuijer

Abstract This chapter describes a case study on personal washing that was devel-
oped in association with two subsequent Living Lab projects. Drawing on theo-
ries of practice, the case study explored the application of a practices-oriented
approach to reducing household resource consumption. Personal washing was
taken as a target practice because of its high and growing water and energy con-
sumption. The case study used an iterative process to develop a feasible, but
highly less resource intensive alternative to the dominant practice of showering
in the Netherlands. Splashing emerged as a promising proto-practice from subse-
quent performances, both in the lab and the field.

Keywords Practices-oriented design * Personal washing - Splashing * Energy
consumption * Proto-practice

6.1 Introduction

This section describes a research and design method that was developed in two
subsequent Living Lab projects! using a research through design process that had
both methodological and empirical aims (Zimmerman et al. 2010). The methodo-
logical aim was to explore the implications of taking a practices-oriented approach
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instead of a user-centred one. A practices-oriented approach has been argued to
have potential to overcome various limitations of user-centred sustainable design
approaches, such as a risk of missing opportunities for change on larger scales
(Kuijer and Bakker 2015). The approach builds on the three-tier methodology
developed in the LivingLab projects of insight generation, prototyping and field
testing (Bakker et al. 2010). The empirical aim, which this section focuses on, was
to develop new ideas for achieving the strongly less resource intensive ways of life
required to achieve the EU targets for carbon emission reductions.? This section
describes a case that focuses on the practice of personal washing, which, particu-
larly due to its high and increasing demand for warm water is an increasingly
resource intensive target practice. More detailed outcomes of the research can be
found in Kuijer (2014).

Current personal washing practices in Western countries are resource intensive
and moving into directions that are increasingly so. According to a 2010 study
conducted among 1,200 Dutch households, average water use for personal wash-
ing per person per day in the Netherlands is 51.4 1, of which 48.61 is used for
showering (Foekema and Thiel 2011). An average shower lasts 8 min and requires
62 1 of water. Water use for personal washing—including energy use to warm the
water’—has increased strongly over the past century. Average weekly amounts
increased from approximately 105 1* a 100 years ago, which were presumably not
or marginally heated, to an average of 3401 of warm water per week today. To
place this number in perspective, the United Nations use a recommended mini-
mum of 151 per day (105 1 per week) for personal washing to achieve acceptable
standards of living.

The now widely available shower timers, which in all kinds of ways aim to
motivate people to take shorter showers, are having some effect in combatting
high water consumption, but they work only in certain situations and tend to lead
to small reductions, for short periods of time (Kuijer and Bakker 2015). This is
in part because showering is, for many, a very pleasant activity that besides get-
ting clean, offers functions like caring for one’s body, waking up, relaxing and
getting warm or refreshed. Moreover, with some exceptions in the form of water
saving shower heads, current developments in bathroom design do not offer much
prospect of improvement; power showers, massage showers and rain showers
discharge ever growing flows of water while shower frequency and duration are
increasing (Foekema and Thiel 2011; Kuijer et al. 2010). To address these prob-
lems, the splash project developed a strongly less resource intensive, pleasurable
way of washing called “splashing” through an iterative design process.

Zhttp://ec.europa.eu/energy/en/topics/energy-efficiency.

31t has to be noted that the environmental impact of a shower derives primarily from the energy
required to heat the water, but in this study the amount of water is used as a proxy for the com-
bined resource use of water and energy to heat the water.

“4This is an estimation assuming a daily flannel wash using the 5 1 ‘lampet’ (jug and basin) and a
weekly bath of 50 1.
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The methodology used in this project draws on practice theory, a group of theo-
ries from sociology that takes socially shared practices—such as bathing, cook-
ing or commuting—as the fundamental unit of analysis and design. Aim of the
methodology is to reconfigure everyday practices like bathing into less resource
intensive directions. Inspired by practice theory, the method centralizes bodily per-
formances—‘doings with things’, in the lab and in the field, as the primary place
where the design of such reconfigurations happens.

The starting point for the iterative design process described in this section was
the idea of washing from a bucket. The idea of a bucket wash resulted from an
elaborate analysis of Dutch bathing practices, including analysis of its history
and forms of bathing in other cultures. Aim of the design process was to develop
this idea into a pleasurable, less resource intensive alternative for showering. This
section briefly describes the identification of the bucket wash as a promising con-
cept. It then moves on to the three main design cycles through which this rough
idea was fleshed out into the so called ‘proto-practice’ of splashing and closes by
briefly reflecting on the concept of splashing and its potential and challenges.

6.2 The ‘Bucket Wash’

Important for understanding the splashing concept and the origins of the idea of
the bucket wash are the practice theory concepts of practices-as-performance and
practices-as-entity.

6.2.1 Practice-as-Performance and Practice-as-Entity

In the strands of practice theory that have so far been picked up most in design
research,® two ‘ideal-types’ of practice are distinguished. One is the practice-as-
performance, which is basically all human action, and can be observed directly.
Shove et al. (2012) view performances as an integration of elements, which they
group into three broad categories: meanings, competences and materials. In a par-
ticular instance of showering, water, soap, shampoo, shower nozzles, a human
body—with its sebum, hair and dirt, combines with skills of removing dirt and
certain ideas of what it means to properly clean and take care of the body, and to
enjoy a ‘good’ shower. The practice-as-performance varies in each situation,
because different elements are available and different configurations make sense.
For example, a shower at the gym is different from a shower at home, a shower to

5Notably the work of Schatzki (1996), Schatzki et al. (2001), Reckwitz (2002a, b) and Shove
et al. (Ingram et al. 2007; Shove et al. 2007, 2012; Shove and Watson 2006).
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wake-up is different from a shower to wind down, and my shower last night was
slightly different from the one the night before.

Although more or less different from each other, all these performances are
forms of showering. Viewed as such, showering, or more broadly, personal wash-
ing, exists as an entity that can be traced over space and time beyond individual
performances or performers. Importantly, there is a recursive relation between
individual performances of showering, in which water and energy are consumed,
and the practice of personal washing as an entity. To understand why personal
washing, in many European countries today, takes the form of daily showering,
and subsequently, what may be less resource intensive ways of personal washing,
it is helpful to trace the practice-as-entity back in time and to study variety in its
occurrence over space. Subsequently, it requires understanding of how this prac-
tice is configured in relation to the amount of resources it currently requires. This
is what the case study set out to do initially.

6.2.2 Analysing Showering

The search for the origins of showering and examples of less resource intensive
ways of personal washing, which corresponded with the ‘insight generation’ tier
of the LivingLab methodology, included a variety of studies. Most information
about the history of personal washing was found in literature. In the Netherlands,
showering has only fairly recently replaced the ‘lampet’—a set of a jug and bowl
used in the bedroom—for daily washing, and the bathtub for the weekly full
body washing. The spread of the shower went hand in hand with the connection
of households to mains water, which happed in The Netherlands between 1853
and 1970 (Moel et al. 2006) and natural gas in the 1960s and 70s (Correlje and
Verbong 2004). While showering is experienced as relaxing and pleasurable today,
this has not always been the case. Kira, a prominent ergonomics researcher who
has made detailed analysis of bathrooms and bathing postures explains how in the
1960s, when his book was first published, the shower was experienced as ‘spar-
tan, distinctly masculine, business-like, and even uncontrollable, destructive and
rough’ (Kira 1976, p. 37). Similarly, Hand et al. (2005) find that in the UK, show-
ering has only become a serious alternative to the bath since the 1980s. Personal
washing is a practice that has not always been promoted by the authorities: Stuller
(1991) reports instances in the Middle Ages where ‘over bathing’, meaning more
than once a month, was punished by law. However, the connections made between
hygiene and disease in the 19th century, and the increasing standards of bodily
cleanliness to rise on the social ladder (Bushman and Bushman 1988) have made
daily washing a subject of concern for national policy. This is reflected, for exam-
ple, in the once highly influential household manuals and contemporary educa-
tional programmes, which have contributed to the spread and uptake of (daily)
showering.
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Supplementing this historic analysis, a detailed cultural inquiry about bathing
in India, Japan and The Netherlands (Matsuhashi et al. 2009) revealed insights
about the details of alternative, less resource intensive forms of personal wash-
ing. Blogger Chris Chopp explains that in India the common way of bathing is a
bucket bath, entailing a bucket containing around 19 1 of water and a mug to pour
the water over your body: “Begin by pouring one or more mugs of water over
your body from the head down until the entire body is wet. Then apply shampoo
and rinse, making sure the soapy water does not enter the bucket but ends up on
the floor’ (Chopp 2012). From analysis of these different forms of bathing, a clear
relation between postures and the use of tools was detected. For example, most of
the actions using water from a reservoir were done when participants were sitting
on a stool”.

Diving into the history of personal washing and analysing washing in other
cultures taught the design team to see showering from a different perspective.
Although near-to-daily showering is the norm in Western Europe, it has become so
only during the past 50 years and is not so common in other cultures.

After assessing the resource requirements of different ways of bathing, a con-
cept that is here referred to as ‘bucket wash’ emerged as a promising direction.
The ‘bucket wash’ represents a way of bathing in which water for washing is con-
tained in a bucket sized container. It is clear that the bucket wash is not immedi-
ately appealing to people accustomed to showering. However, early experiments
by ‘showerers’ improvising a bucket wash showed that aspects of it were experi-
enced as rewarding, effective and relaxing (Kuijer and de Jong 2009; Scott et al.
2009). These results, combined with insights into bathing in Dutch history, India
and Japan indicated that a shift away from showering, with its constantly flow of
warm water going down the drain still warm and practically clean, is possible.
Starting from the rough idea of a bucket wash, the aim of the design process was
to iteratively develop ways of personal washing that had potential to work in the
Dutch context. The following sections describe its three cycles, which combine the
prototyping and field study tiers of the LivingLab methodology.

6.3 From Bucket Wash to Splashing

In an early design exploration of the bucket wash idea, in a master graduation pro-
ject, a student had renamed it ‘splash’. Reason for this renaming was that it was
the splashing of water involved in the bucket bath that early experimenters with
the concept particularly mentioned that they liked (Karakat 2009). From these
experiments, it also became clear that Dutch mainstream bathroom design did not
facilitate pleasurable splashing: new materials were required to make splashing
work. Cycle 1 set out to develop these in a highly participatory manner.
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Fig. 6.1 The splash prototype installed in a shower during a field trial (leff) and the back of the
prototype with water meter and logger device (right)

6.3.1 Cycle 1: Generative Improv Performances

The goal of this first cycle was to flesh out the rough idea of washing from a
bucket into a variety of more detailed ways of washing. The set-up of the study
was designed to explicitly ‘break with the rigidity of existing structures in exist-
ing household situations and to find participants with the required creativity, cour-
age, and ability to envision something strongly different” (Kuijer et al. 2013). The
tailored method developed for this aim, named ‘Generative Improv Performances’
(GIP) can be described in terms of a stage, a scene and its players. For this par-
ticular study, the stage involved a simulated bathroom containing rough, open pro-
totypes of a basin on a pedestal and a movable seat, and additional objects such
as cups, sponges, soaps bottles and towels. The ‘stage’ was deliberately not in a
bathroom to create a situation where people could ‘act out of the normal’ (ibid).
The scene was inspired by the type of instructions used in improv performances,
which are open assignments with which the actors engage creatively. Participants
got the assignment to ‘perform splashing as if it is your normal way of washing
with which you are satisfied” and were not allowed to include the use of continu-
ously flowing water. The ‘players’ were trained improv actors, with the idea that
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they are skilled to improvise in a challenging situation and to act outside of what is
currently considered normal (Vera and Crossan 2004).

The study resulted in 25 varied performances of splashing, which, next to ideas
for new bathing artefacts included new skills and meanings, such as skills of pour-
ing and sponging and meanings of enjoying deliberate and elaborate soaping of
the body. The performances were analysed in detail and summarized in graphical
overviews using a pictogram library. From these performances, a list of dimen-
sions of variety on which the performances differed from each other was com-
posed. These included for example a variety of ways of wetting, soaping and
rinsing, different postures taken and different likes and dislikes, which formed
important input for the next design cycle. Through the study, splashing was fleshed
out and could now be described as

an active, flexible way of washing the body with water from a basin, involving sitting and
standing postures, a range of ways of applying water and soap, involving scoops, sponges
and hands, in varying sequences. Rather than rinsing with constantly flowing water, soap
plays a central role in cleaning the body. Splashing can be quick and functional, washing
selective parts of the body, but also a relaxing, time taking ritual with a focus on scent and
deliberate body care (Kuijer et al. 2013).

This fleshed out idea of a variety of ways of splashing and the dimensions of vari-
ety were used to develop a refined concept of splashing, including objects that
allow for a wide variety of types of splashing to be performed. The resulting pro-
totype, developed and made by master graduation student Knupfer (2011) was
used in a series of field studies.

6.3.2 Cycle 2: Evaluative Field Studies

The goal of the field studies was to evaluate whether the refined concept of splash-
ing developed in response to the results of the GIP study worked in an everyday
life setting and had the expected reduced level of water and energy use.

Looking in particular at the dimensions of variety, the new design allowed for
sitting and standing postures, and contained a central, 2-litre basin and a hand held
shower. This splash fixture, designed for easy installation in existing shower cubi-
cles came with a scoop and a sponge. Importantly, its deployment in the field was
accompanied by a set of use suggestions and explanations of what others enjoyed
about splashing, which were also based on the GIP study. Referring back to the
practices as a constellation of elements, this set of objects, use suggestions and
interpretations formed the proto-practice of splashing. To evaluate levels of water
(and energy) use involved in splashing, the prototype was equipped with a water
meter and in later studies with a water logger that recorded water use for the basin
and hand shower separately (Fig. 6.1).

In order to evaluate the integration of splashing into everyday life settings and
to study its effects over the course of repeated performances, participants were
recruited who were willing to use the splash prototype in their own homes, instead of
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their shower for period of 1 week up to 1 month. Participants were interviewed about
their existing routines for personal washing, asked to keep a diary of their splashing
experiences and interviewed again after the period in which they trialled splashing.

Five households of varied composition took part, with a total of eleven partici-
pants performing splashing at least once, and up to fifteen times. Four out of these
eleven participants preferred splashing over showering, three mostly enjoyed it,
but preferred showering because it is warmer, and four said it just didn’t work for
them for various reasons, which mainly came down it being too much of a hassle,
or too cold. For those enjoying splashing, water use per splash varied between 10
and 20 | of warm water.

Again, splashing was fleshed out further through performance. Bas, for exam-
ple, who very much enjoyed splashing, developed a fixed procedure starting with
filling the basin, wetting his body ‘from hair to toes’ with one sponge and then
soaping his body with another. In this process he washed his hair in one go with
his body. Then he got fresh water and rinsed his hair and body with the scoop.
Altogether, his ‘splash’ would take no more than 5 min. In terms of postures, he
first sits down, but when washing his lower body and while rinsing he stands up.
Bas liked splashing for its speed, but also because he thought it felt really good. To
quote him ‘you clearly use less water than in a shower, but it feels like it is more’.
Similar to Bas, Astrid really enjoyed splashing. Her routine, however, was quite
different, as were her reasons for liking it. Astrid started with her toes and worked
up to her head. This way she prevented getting cold. For her, washing her body
and washing her hair were separate routines. When washing her body, she used
only the basin, while for washing her hair, she would place the hand-shower in the
holder and use that for wetting and rinsing it. While Bas really liked splashing for
its speed, Astrid was so enthusiastic about it because it allowed her to really take
her time and wash herself deliberately.

Through these performances, splashing was starting to take shape as something
that could work and be pleasurable for people in a variety of ways. While view-
ing splashing as too much of a hassle can easily be attributed to the fact that some
of the participants were not open enough to trying something new, an important
remaining challenge for splashing was that people felt cold in their performances.
The final cycle that formed part of the splash project therefore focused on inte-
grating a low energy form of body heating in the prototype. It was therefore more
technology focused than earlier cycles.

6.3.3 Cycle 3: Technical Refinement

In this third iteration, results of the field studies, together with other data collected
on bathing and splashing formed the basis for a redesign of splashing. A master
graduation project was executed as part of the SusLabNWE project. The project
was focused on developing a design and working prototype of a splash fixture
including integrated heating (Henny 2013). After exploring several possibilities,



6 Splashing: The Iterative Development ... 71

Fig. 6.2 Refined splash fixture model with outer band of wall mounted fixture functioning as
a radiator capable of warming up the user in a closed shower cubicle within minutes (image by
Henny 2013)

the student choose a radiator system, which effectively extends the hot water sup-
ply of the splash into a tube radiator integrated into the wall mounted vertical ele-
ment of the appliance (Fig. 6.2.). Domestic hot water supply to showers is at least
65 °C due to legionella regulations. This hot water is first led through the radia-
tor tube to heat the person and shower cubicle and then used for washing, which
requires water of around 38 °C.

The prototype of the design built by Henny was tested both for technical per-
formance of the heater and for use experience through one-time uses in a shower
facility on campus. The technical tests, using a thermal imaging camera, showed
that the radiator heats up to its maximum capacity of around 900 W/m? (appr.
70 °C) in less than 25 s. After 13 min, the temperature of the 4.1 1 of water in the
radiator was still above 40 °C, which is warm enough to bathe with. While mainly
based on radiation (meant to warm the body of the user directly), the heater also
warmed up the space. After about 10 min, the temperature in the relatively large
space the prototype was installed in rose 1.6 °C.

In the lab-based user test with 11 participants, an average of 18 1 of water was
used, ranging from 7 to 27 1. Again, a variety of postures and procedures was iden-
tified. Two of the participants used only the hand shower. All others used both the
basin and the hand shower. While getting chilly or cold was still an issue for some
participants, others felt comfortable or even comfortably warm. To shape and eval-
uate the integration of the heater in the proto-practice, further tests are required.
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In the current tests, participants were for example not informed that there was
a heater in the product. Explaining about the radiator and the way it works may
affect their thermal experience, just like Rohles (1980) showed that merely chang-
ing the interior design of a room without adjusting its temperature could make
people feel warmer. Moreover, the testing space was relatively large for a shower
cubicle. Longer term tests with the prototype in a setting such as the SusLab
Concept House were envisioned as a next step where technical performance, usa-
bility and use experience could be tested and tweaked over longer periods of time
with a variety of users.

6.4 Conclusions

Showering is by far the most popular form of personal washing in the Netherlands.
It is also highly resource intensive. A main culprit for this resource intensity is the
paradigm of continuously flowing water. This observation, in combination with the
identification of other forms of washing with lower resource intensities that are
based on relatively small reservoirs of contained water, led to the selection of the
bucket wash as a promising direction for less resource intensive personal washing.

From this rough idea that emerged from insight generation studies, splashing
was developed through three iterative cycles of prototyping and field studies into
a fleshed out, coherent set of objects (including a height adjustable basin, a seat, a
scoop, a hand shower, an integrated radiator, sponges and soaps), actions (such as
scooping, pouring, rinsing, sitting and splashing) and meanings (including delib-
erate body care, control over what is washed when, taking time, and flexibility).
Together, they form a way of washing that has potential to work as an attractive
alternative for showering with strongly lower resource requirements: an average of
62 1 versus 20 1 of warm water.

While this all sounds promising, it has to be noted that reaching large scale
reductions in water and energy consumption would require widespread uptake of
splashing. Judging from the speed with which the shower has overtaken the bath,
this is not entirely impossible. When reaching a certain momentum, splashing
might be able to reposition showering and thus catalyse the shift. In such a view,
showering requires large amounts of water, can be tiring because you have to stand
all the time making it difficult to wash your feet, is inflexible because you have to
wet your entire body without being able to direct what is wet or rinsed when, and
soap is rinsed off before you’ve had time to appreciate it (Kuijer et al. 2013).

However, so far splashing remains a concept that has only been evaluated on
a relatively small scale. It is therefore difficult to predict the larger scale, longer
term effects of its introduction. The splash studies show for example that splash-
ing, being a more flexible form of washing may increase frequencies of wash-
ing. Future development of splashing should explore the effects of the heater and
longer-term effects of splashing on washing frequencies and water requirements,
while at the same time making available its specific bathroom fixtures, skills and
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images of the pleasures of bathing to enable it to spread into society. A living lab
infrastructure with facilities such as the Concept House and larger scale field trials
could form an ideal incubation space to further facilitate this process.

In terms of methodology, the practice-oriented approach taken in the splash
case led to the addition of historic and cross cultural exploration to the insight
generation tier. Moreover, in the prototyping tier it explicitly took practices as a
unit of design, developing proto-practices rather than merely product prototypes.
Finally, by viewing performances as the creative integration of elements into new
practices, performances of splashing, both in the lab and the field, were treated as
the places where these proto-practices were designed.

Acknowledgments [ would like to thank all those innumerable advisors, students and
participants that have been involved in the splash projects, Delft University of Technology for
hosting it and the FP7 and NWE frameworks for funding it.
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Chapter 7
Design with Intent and the Field
of Design for Sustainable Behaviour

Dan Lockton

Abstract Design for sustainable behaviour necessarily involves a multidiscipli-
nary perspective, drawing on insights around human action from multiple fields,
and making them relevant to designers. This chapter explores some considerations
which build on these multidisciplinary concepts, around questioning assumptions
and understanding people’s lives better, and introduces the Design with Intent
toolkit, a design pattern collection which aims to facilitate reflective exploration
of problem-solution spaces in ‘behaviour change’ contexts, with a brief explora-
tory example of its application to provoke discussion with householders as part of
SusLabNWE.

Keywords Design patterns - Sustainable behaviour + Behaviour change

7.1 Introduction

Both design and sustainability are about the future—bringing into being a world
where humanity and other forms of life will “flourish on the planet forever”
(Ehrenfeld 2008) or where we can “go about our daily affairs... [knowing] that
our activities as civilised beings are expanding our future options and improving
our current situation” (Sterling 2005). Design might be one of the mechanisms by
which much of our current predicament has come about (Papanek 1971), but per-
haps “the future with a future for ‘us’ can only be reached by design” (Fry 2015).
Thus, design and sustainability are deeply enmeshed (Schmidt-Bleek and
Tischner 1993)—as we see throughout this book and the variety of examples
within the SusLabNWE project. A major component of this is design which relates
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to people’s actions: what has become known as design for behaviour change,
behavioural design, or in the case of specific focus on sustainability, design for
sustainable behaviour (e.g. Lilley 2009; Wever 2012; Daae and Boks 2014;
Stromberg et al. 2015). In this section, we will examine some of the issues and
dimensions of the topic, and introduce the Design with Intent toolkit (Lockton
etal. 2010), a design pattern collection for environmental and social behaviour
change, which aims to enable exploration of assumptions and problem-solution
spaces in ‘behaviour change’ contexts, which was used in an exploratory way as
part of householder interviews around energy use and heating.

7.2 Design and Behaviour

Behaviour change is currently fashionable in design—commercially, politically,
and academically—addressing everything from fitness tracking to compliance
with tax return procedures to getting passengers to board trains more efficiently.
There is an increased policy focus in a number of countries on applying principles
from behavioural economics to complex social and sociotechnical issues through
initiatives such as the UK’s quasi-privatised Behavioural Insights Team, stemming
from the popular Nudge (Thaler and Sunstein 2008), while advertising agencies—
no strangers historically to applying psychology to influence behaviour (Bernays
1928; Packard 1957; Schwartz 1966)—have embraced this burgeoning interest, for
example through Ogilvy and Mather’s creation of the specialist ‘behavioural prac-
tice’ #ogilvychange [sic]. Others such as Payne (2012) have taken a wider perspec-
tive, looking at how to ‘inspire’ more sustainable behaviour.

Nevertheless, this approach is usually centred on quite small changes in cur-
rent behaviour, with short time-frames, rather than long-term futures. In this con-
text, different understandings and definitions of ‘sustainability’, and degrees of
ambition for change, complicate the notion of design for sustainable behaviour.
What kind of behaviour? Whose behaviour? What kind of sustainability? Is the
intended change in behaviour a reduction in some unsustainable behaviour, or a
shift to something very different? As Ehrenfeld (2008, p. 20) puts it, “Reducing
unsustainability will not create sustainability”’; the degree of intervention varies
with the boundary of how the ‘problem’ is considered, whether it is at the level of
individual interaction with products, or part of a more systemic societal transition
(Irwin et al. 2015). Large-scale changes in human behaviour are central to many
visions of more sustainable futures, often going hand-in-hand with scientific and
technological advances.

In many cases, technological advances would require people to change the way
they act for the potential environmental impact to be achieved, whether through
adoption of new ways of doing things at home and at work, decisions about capital
investment or purchases, and fundamental changes in assumptions, attitudes and
political norms. But design is also often about how broader social influences affect
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what people do, and how people’s relations, and actions individually and together
help construct what society, community and culture are.

The sociological concept of practices (Reckwitz 2002) as units of analysis
(rather than behaviour) can offer a useful way of exploring issues for designers.
Practices are “the mundane activities that make up most of what people do in their
daily lives, such as bathing, cooking, laundering and cleaning... socially shared
entities with a certain persistence over time and space,” as Kuijer et al. (2013)
describe them. By considering people’s actions in larger, ‘supraindividual’ socially
and culturally situated contexts, designers can potentially develop a better under-
standing of design’s role in much larger—potentially systemic—change. This is an
approach taken in a number of studies within the SusLabNWE project.

By enabling closer co-creation with people (‘users’) themselves in contexts
approaching the complexity of real life, the Living Lab approach, as discussed
throughout this book in relation to SusLabNWE, enables sustainability transitions
to be explored in a variety of different ways, but all through “living change” (Scott
et al. 2011) rather than designing in the abstract.

7.3 Multidisciplinarity and Complexity

In academia, work on design for sustainable behaviour has grown significantly in
recent years, with the aim of reducing the unintended environmental and social
impacts of products and services in use—or increasing the intended impacts—
through design which concentrates on understanding and influencing user behav-
iour. Design ‘interventions’ largely involve redesign of products and services,
changing the affordances and constraints available to users, or the design of inter-
faces (often digital) which give users information—and feedback—on use or the
impacts of behaviour, for example energy use, waste generation or transportation
choices (e.g. Lockton et al. 2008; Wever et al. 2008). Negotiating the large field of
possible design techniques can be a challenge for designers briefed with ‘chang-
ing behaviour’, and so a number of toolkits and guides have been developed (e.g.
Selvefors et al. 2014; Daae and Boks 2014) which aim to provide designers with a
more structured process.

Design for sustainable behaviour is inherently multidisciplinary (Niedderer
etal. 2014), drawing on knowledge and models from other fields relating to
human action. These include social and cognitive psychology, behavioural eco-
nomics, human-computer interaction, ethnography, science and technology stud-
ies, ergonomics, cybernetics, ethics, and architecture, as well as other facets
of design for behaviour change, such as social implication design (Tromp et al.
2011), persuasive technology (Fogg 2009), practice-oriented design (Kuijer
et al. 2013; Scott etal. 2011; Pettersen 2015), product experience (Desmet and
Hekkert 2007) and transformational products (Laschke et al. 2011). Many fields,
in both research and practice, both within and without what are termed the ‘behav-
ioural sciences’, have insights or frameworks to contribute, and each works with
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particular models seeking to explain human behaviour in different ways—even if
those models are sometimes mutually incompatible (Gintis 2007). Being aware of,
and attentive to, the models we are using as designers, is an important part of a
reflective approach.

7.3.1 Questioning Assumptions

One valuable contribution that a multidisciplinary approach can make is to ena-
ble multiple perspectives on situations, paying attention to issues which designers
might otherwise not consider, or might not be afforded the luxury of consider-
ing due to the way that briefs are framed. At the very least, a multidisciplinary
approach can trigger us to question our assumptions and reflect on the models
we are using. Because—much as many designers might like to discover a ‘for-
mula’ for behaviour change—the complexity and interconnectedness of real-life
behaviour and practices is deeply enmeshed with social and cultural contexts,
power structures, and other people’s actions, and more nuanced than any singular
vision can ever capture, which highlights the naivety of very determinist stances
(Lockton 2012), appealing as they might be to a “planning” mindset (Watson et al.
2015). We should question the assumptions embedded in work that presumes
one-to-one mappings between design features and resulting ‘behaviours’ (Broady
1966). People will not always behave how designers intend or expect them to
(Kanis 1998; Stanton and Baber 2002); even as designers attempt to ‘script’
behaviour (Akrich 1992; Jelsma and Knot 2002). As Brand (1994) puts it, in refer-
ence to the built environment, “All buildings are predictions. All predictions are
wrong”. Assumptions about people—how they live, how they make decisions,
and what affects their actions—are integral to design, while designers are engaged
generally in “act[ing] to change the actuality of the world” (Dilnot 2015).

Although these assumptions and issues around them are not necessarily always
explicit stances taken by designers or researchers, they embody tensions that arise
when a new approach touches on areas that have previously been the preserve of
other disciplines with different traditions, expectations and aims. We cannot avoid
having models of people (Dubberly and Pangaro 2007) but the question of how
these models and assumptions are applied in design is of practical relevance—how
those models can be translated, tested, questioned and improved through use in the
real world, rather than in laboratory studies (here the Living Lab approach offers a
valuable intermediate step).

Looking at the differences between how designers themselves model ‘their’
intended users in relation to sustainability or other issues (Lockton et al. 2012),
and how users themselves understand and think about the situation can be instruc-
tive here in understanding how design for sustainable behaviour techniques are
applied in practice, and how they could be improved. This suggests the need for
a structured way of exploring the assumptions and implications inherent in design
which seeks to influence behaviour, both to negotiate the large field of possible
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design techniques from different disciplinary backgrounds and traditions—and
their appropriateness for different situations—and to enable a more reflective
design approach. The ability to question and reframe the assumptions inherent
in a brief, as part of a problem-framing (Dorst 2015) or even problem-worrying
(Anderson 1966) approach potentially requires the designer to have a much greater
awareness of the problem-solution space (Maher etal. 1996), including both
deeper contextual enquiry, through researching the situation in the field, a knowl-
edge of the repertoire of design approaches which might be applicable (Lawson
2004), and deeper knowledge of sustainability in context (Liedtke et al. 2013).

7.3.2 Understanding People’s Lives

Taking a subject central to SusLabNWE—domestic energy use behaviour
change—Strengers (2011) considers it “alarming” that the model of individual
householders as “micro-resource managers”, and the language of ‘demand man-
agement’, continue to dominate the design of feedback systems. Brynjarsdéttir
etal. (2012) describe persuasive design for sustainability as “a modernist enter-
prise”, focusing both on individuals at the expense of broader social consid-
erations, and on narrowing the broad scope of sustainability into “the more
manageable problem of ‘resource minimisation’,” drawing on Scott’s (1999) con-
ception of how states have attempted to make populations ‘legible’ through reduc-
ing their variety (of behaviour as of other characteristics). In other areas of design
for behaviour change, Fantini van Ditmar and Lockton (2016) explore the ways in
which simplistic models of motivation underlie much of the quantified self tech-
nology arising from Silicon Valley, while Whitson (2014) draws parallels between
the increasing use of quantified ‘gamification’ in design for behaviour change
(employing game elements, such as earning points, in non-game contexts) and
forms of governance and normalisation drawing on Foucault (1977).

The criticism links well with approaches highlighting the potential value of
considering social practices (Wilhite 2013; Shove et al. 2012) in this area, rather
than ‘behaviour’—specifically because social practice theory’s emphasis on shared
activities and ways of meeting daily needs can “lift understandings of resource
consumption to [a] supraindividual level” (Kuijer et al. 2013). Scott et al. (2011)
call for “a more comprehensive understanding of ‘users’ as social creatures, and
the role of consumption in everyday life, than has ever been undertaken through
design”.

What a lot of these issues perhaps come down to, is something around inclu-
sion: to what extent are real people, in real contexts, included in design processes
around sustainability (Wiek et al. 2014)? Many design for sustainable behaviour
interventions—often arising from work in human-computer interaction (HCI)—
are not necessarily designed inclusively, in the sense of considering all users’
needs and abilities, including older people, people with disabilities, and even peo-
ple on lower incomes (Eikhaug and Gheerawo 2010). As Langdon and Thimbleby
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(2010) argue, HCI can (and must) learn from inclusive design research, and
embrace opportunities to involve a much wider range of users in the development
of new interfaces, and the same applies in behaviour change. One prescription
might thus be for more participatory processes, including co-design, hackathons
and participatory prototyping.

7.4 The Design with Intent Toolkit

The Design with Intent toolkit (Lockton et al. 2010) aims to help designers
and other stakeholders explore the space of behaviourally relevant design
concepts, through presenting examples and insights from different disciplines
using a design pattern format (Fig. 7.1). This could lead to idea generation,
through use as a ‘suggestion tool’ to help a form of directed brainstorming,
or serve as an exploratory, reflective or teaching tool. The toolkit was devel-
oped via an iterative, participatory process, running workshops with students
and designers throughout its development (Fig. 7.2) to understand how it is
being used and how to improve its structure and content. The patterns were
extracted—and abstracted—from a literature review of treatments of human
behaviour in a range of disciplines. While the toolkit has been applied in sus-
tainability contexts (Lockton et al. 2013a), it has also been developed as a
tool for interaction designers more widely (Lockton 2017).

Fig. 7.1 Selection of Design with Intent toolkit cards
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Fig. 7.2 A workshop using
the cards at Philips Research,
Eindhoven

In the toolkit, 101 design patterns for influencing behaviour are described and
illustrated (Fig. 7.2), grouped into eight ‘lenses’—categories which provide differ-
ent disciplinary ‘worldviews’ on behaviour change, challenging designers to think
outside the immediate frame of reference suggested by the brief (or the client),
and helping with transposing ideas between domains. The lenses (described in
Table 7.1) are not intended to be ontologically rigorous, but primarily a way of
triggering multiple viewpoints within an ideation session. The patterns are essen-
tially recurring problem-solution instances, described in a way which can be easily
referenced, to enable practitioners to recognise the situation. The pattern form can
help a designer recognise that a ‘new’ problem situation is similar or analogous
to one encountered previously elsewhere, even in a different context. This makes
them a useful format for cross-disciplinary transfer. However, the classification is
not perfect: there are many ways to view certain concepts, depending on discipli-
nary perspective. The intention is that all apply to multiple fields; examples from
(for instance) software, can often be translated into the physical world, and vice
versa.

7.4.1 Example: Applying the Toolkit to Explore
Householders’ Perspectives

Within the SusLabNWE project, a preliminary exploration was made of how a
subset of the Design with Intent patterns could be used for research with house-
holders, about how they saw possible sustainable behaviour-related interventions
fitting into their daily lives. We worked with four households in Dartford, Kent, in
south-east England.

For each of the eight lenses, one pattern was applied to an energy-related issue
within the home, to generate a plausible concept (or adapt an existing one) and a
simple ‘provocation’ card created (Fig. 7.3). The energy issues centred on heating
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Table 7.1 The Design with Intent toolkit lenses and patterns

Lenses

Patterns

Architectural

The Architectural lens draws on techniques
used to influence user behaviour in architec-
ture, urban planning and related disciplines
such as traffic management and crime preven-
tion through environmental design

Angles; converging and diverging; conveyor
belts; feature deletion; hiding things; material
properties; mazes; pave the cowpaths; posi-
tioning; roadblock; segmentation and spacing;
simplicity

Errorproofing

The Errorproofing lens represents a worldview
treating deviations from the target behaviour
as ‘errors’ which design can help avoid, either
by making it easier for users to work without
making errors, or by making errors impossible
in the first place

Are you sure?; Choice editing; conditional
warnings; defaults; did you mean?; Interlock;
matched affordances; opt-outs; portions; task
lock-in/out

Interaction

All the patterns are really about interaction
design in one form or another, but the interac-
tion lens brings together some of the most
common design elements of interfaces where
users’ interactions with the system affect how
their behaviour is influenced, including from
the field of persuasive technology (Fogg 2009)

Feedback through form; kairos; partial
completion; peer feedback; progress bar; real-
time feedback; simulation and feedforward;
summary feedback; tailoring; tunnelling and
wizards

Ludic

Games are great at engaging people for long
periods of time, influencing people’s behav-
iour through their very design. The Ludic lens
includes a number of ‘gamification’ techniques
for influencing user behaviour that can be
derived from games and other ‘playful” inter-
actions, ranging from basic social psychology
mechanisms such as goal-setting, to common
game elements such as scores and levels

Challenges and targets; collections; leave gaps
to fill; levels; make it a meme; playfulness;
rewards; role-playing; scores; storytelling;
unpredictable reinforcement

Perceptual

The Perceptual lens combines ideas from
product semantics, ecological psychology and
Gestalt psychology about how users perceive
patterns and meanings as they interact with the
systems around them

(A)symmetry; colour associations; con-
trast; fake affordances; implied sequences;
metaphors; mimicry and mirroring; mood;
nakedness; perceived affordances; possibility
trees; prominence; proximity and grouping;
seductive atmospherics; similarity; transpar-
ency; watermarking

Cognitive

The Cognitive lens draws on research in
behavioural economics and cognitive psychol-
ogy looking at how people make decisions,
and how this is affected by ‘heuristics” and
‘biases’. If designers understand how users
make interaction decisions, that knowledge
can be used to influence interaction behaviour.
Equally, where users often make poor deci-
sions, design can help counter this

Assuaging guilt; commitment and consist-
ency; decoys; desire for order; do as you’re
told; emotional engagement; expert choice;
framing; habits; personality; provoke empathy;
reciprocation; rephrasing and renaming; scar-
city; social proof

(continued)
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Lenses

Patterns

Machiavellian

The Machiavellian lens comprises design pat-
terns which, while diverse, all embody an ‘end
justifies the means’ approach. This may be
unethical, but is nevertheless commonly used
to control and influence consumers through
advertising, pricing structures, planned obso-
lescence and lock-ins

Anchoring; antifeatures and crippleware; bun-
dling; degrading performance; first one free;
forced dichotomy; format lock-in/out, func-
tional obsolescence; i cut, you choose; poison
pill; serving suggestion; slow/no response;
style obsolescence; worry resolution

Security

The Security lens represents a ‘security’
worldview, i.e. that undesired user behaviour
is something to deter and/or prevent though
‘countermeasures’ designed into products, sys-

Coercive atmospherics; peerveillance; sous-
veillance; surveillance; threat of injury; threat
to property; what you can do; what you have;
what you know; what you’ve done; where you
are; who or what you are

tems and environments, both physically and
online, with examples such as digital rights
management

system control and feedback on overall energy use, two areas which had emerged
from earlier work with households in London (Lockton et al. 2013b) as part of the
initial UK phase of SusLabNWE.

After a discussion about energy-related issues in their homes, their daily rou-
tines and decision-making, and their priorities for change, householders (five in
total—three on their own, and one couple) were asked to ‘think aloud’ with the
eight cards, talking through whether they believed they would find each idea desir-
able (and why) and whether they believed it would ‘work’ in their context (and
why), and grouping them accordingly (Figs. 7.4 and 7.5).

While this was a small, exploratory use of these cards, it revealed some inter-
esting details about the differences between householders’ views towards interven-
tions around energy use. For example, one householder did not like the idea of
the self-turning thermostat, but said she thought it would nevertheless work in her
house in terms of reducing energy use, because of other household members who
often turned the thermostat up and forgot about it. Another said that she thought
an energy-saving game would work for her for a while, but would lose its appeal
as she lost motivation, whereas a heating system, which took control itself, would
potentially have a greater effect in the long term.

The cards and the discussion they provoked provided interest for the subse-
quent interviews around other aspects of energy use in the home, and integrating
qualitative self-reporting and quantitative sensor data (see Chap. 12 ‘In situ and
mixed design interventions’), and by including some more ‘controversial’ cards, it
was possible to elicit opinions around wider issues of control and agency, topical
issues around renewable energy, and householders’ perceptions of and worldviews
around sustainability. The method will be developed further in future projects,
but from a practical design for sustainable behaviour perspective, the diversity
of responses suggests that designing tailored interventions, to match the realities


http://dx.doi.org/10.1007/978-3-319-33527-8_12

84

Hide or simplify
heating controls

AL Sen o LU
around your

energy use

A thermostat
that ‘lies’, or
turns itself down

Link heating and
windows together
automatically

Reveal where heat
is being lost
around the home

A system that
takes.control if it
decides it needs to

A display showing
the costs of

Showing publicly
the energy used by
houses on'a street |

-
»

Co-Design for
Behaviour Change

Example Cards
March 2015

D. Lockton

Fig. 7.3 Cards developed from Design with Intent patterns, applied to household energy ques-
tions, used to prompt discussion with householders. Top row applies patterns from Architectural,
Errorproofing and Interaction lenses; middle row Ludic, Perceptual and Cognitive lenses; bottom
row Machiavellian and Security lenses. The examples include the Equarium (Keyson et al. 2013),
Giacomin and Bertola’s (2012) thermal energy visualisation work, and Brighton’s Tidy Street

(Bird and Rogers 2010)

of people’s everyday experience and decision-making—and which perhaps can
evolve over time—may be a sensible strategy.
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Fig. 7.4 Householders in
Dartford, UK, sorting and
discussing the cards

Fig. 7.5 Householders in
Dartford, UK, sorting and
discussing the cards

7.5 Discussion

The huge scope of sustainability is such that large infrastructural changes are
needed, with large changes in not just interaction behaviour with products, but
as noted earlier, adoption of new everyday practices at home and at work, deci-
sions about purchases, and fundamental shifts in assumptions, attitudes and
political norms. This is where small interventions such as redesigning a heating
system interface can seem insignificant, and the value of concepts inspired by
something like Design with Intent can seem irrelevant in the larger scheme of
things. However, it is important to remember that everything around us that has
been designed, from the layout of our cities to the structure of our governments,
in some way influences how we live, how we make decisions, what resources are
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used, what is easy and what is difficult. It also, over time, affects how we think,
and how we understand the world that we are part of, both individually and
together as a society, historically, at present, and looking forward to the future.

So, design which focuses on behaviour is perhaps most usefully understood as
design which reflectively considers its effects on human action, although there is
an inherent presumption towards change. If this reflection can be incorporated into
the design process, through questioning assumptions and working with people to
understand their lives, and the contexts in which everyday decisions are made, we
can be more effective in reaching sustainability goals and in improving quality of
living.

It is clear that sustainability needs to be about actions more than just awareness:
as Tonkinwise (2004) puts it, “sustainability is a strangely hypocritical politics:
even when issues are well understood, actions fail to result; strong and compre-
hensive awareness of sustainability fails to translate into sustainable behaviour”.
Design which focuses on people’s actions, whether at the level of products, ser-
vices, environments or larger systems will, inevitably, play an important role in the
way we construct our future on this planet.
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Chapter 8

Architectural Research in Living Labs:
Exploring Occupier Driven Changes
in Homes

Paula Femenias, Liane Thuvander, Cecilia Holmstrom,
Lina Jonsdotter and Madeleine Larsson

Abstract The chapter reports from a project developing architectural research in
connection to a Living Lab. The aim is to create innovative design solutions in
order to decrease the environmental loads from material flows over time focus-
ing on occupier driven renovations and alterations to layout, materials and installa-
tions of apartments in multi-residential buildings. In a first step, empirical insights
from over 300 owner-occupied apartments answers the questions: what changes
are made by occupiers, what motivates these changes, and can these changes be
linked to different architectural designs? In the continued research the material
flows and the environmental impact attributed to these occupier driven renovations
and alterations will be estimated giving further indications for more sustainable
design of homes.
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8.1 Introduction

In recent years, low-energy construction for new homes has increasingly become
standard. However, focus has been on delivering technical infrastructures and
less has been done to understand user-centred and behaviour-based perspectives
for sustainable living (Scott et al. 2012). Several studies point to the necessity to
address behaviour and home-related practices in the quest to reduce resource use
and reach more sustainable homes (Gram-Hanssen 2011; Janda 2011). Improved
knowledge about user habits is paramount but also the role of technologies and
design in these processes, as they will shape habits, routines and practices (Shove
and Walker 2010; Scott et al. 2012).

Presently, housing design is driven by market forces and their definition of
sustainable homes, not on knowledge of homes-related practices and the role of
design in these (Hagbert and Femenias 2015). Little attention is attributed to actu-
ally providing structures for sustainable living that can lead to decreased resource
use (Hagbert 2014). There is also a misfit between an accelerating diversity in con-
sumer preferences and the housing provision with few possibilities for occupiers
to change or alter their home to fit their (changing) needs (Braide 2015). Schneider
and Till (2007) argues for a more flexible housing design to enable social sustain-
ability by responding to demographic and cultural changes as well as changed res-
idents’ need.

This paper reports on research focusing on occupier driven alterations and
refurbishment of homes with respect to the material flows these activities will cre-
ate and their related environmental impact. Studies of the environmental load from
residential buildings have so far mainly focused on the operation and use phase. A
recent study shows that the embodied environmental impact and transports related
to production equals the environmental impact from the use phase of new multi-
residential energy efficient housing (Liljenstrom et al. 2014). This indicates a need
to take material use into consideration to reach more sustainable housing.

One limitation of these studies is that they do not consider internal changes
over time in the dwellings, an area that represents a knowledge gap. Recent
increase in material waste from home make-over supports initiatives for research
in the field. According to the municipal newsletter Kretslopp in Goteborg, the
waste from what is called ‘large” waste and which can be connected to renovation
increased with 5 % during 2013 and now exceeds the top notation since the last
economic downturn in 2008.

8.2 Aim

The overall aim of the research is to create innovative design solutions in order
to decrease the environmental loads from material flows in housing focusing on
occupier driven renovations and alterations to layout, materials and installations of
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apartments in multi-residential buildings. This chapter reports from an empirical
insight study representing the first step in defining further experimentation in con-
nection to the HSB Living Lab. One of the main objectives for the insight study is
to reveal links between architectural design of homes and interior changes made
over time with the question if different layouts and design of homes are more or
less prone to changes and thus environmental impact from material flows. We have
limited the study to apartments in multi-residential owner occupied dwellings,
which represents 40 % of all housing in Sweden (SCB 2012). Further we focus
on recently built housing thus casting light upon the effect of material flows from
contemporary architecture. The study will provide insight in what changes and
renovations are made in recent owner-occupied and what motivates the occupiers
to do these changes. It has been stated that the replacement of building compo-
nents and materials are seldom driven by technical or functional end of service-life
(Bradley and Kohler 2007; Feilden 2007). Economy, fashion and other non-techni-
cal factors are presumed to motivate change.

The research is done in collaboration between Chalmers University of
Technology, Department of Architecture, Tengbom Architects, and Bengt
Dahlgrens technical consultants with funding from the Swedish Energy Agency.
All participating organisations are partners in the HSB Living Lab. HSB Living
Lab is developed as a purpose-built facility for research and development on sus-
tainable living in collaboration with partners from academy and industry at the
campus of Chalmers University of Technology in Gothenburg, Sweden. The pur-
pose-built facility will provide accommodation for students consisting of smaller
individual units for sleeping and working together with a larger area with common
shared facilities, with a few larger apartments for guest researchers. The Lab is
under construction and tenants will move in 2016. HSB, the client for the HSB
Living Lab is one of the largest Swedish developers of owner-occupied housing.
Their business model is to sell housing property to owner co-operations. HSB
also provides maintenance for these owner co-operations. HSB Living Lab could
potentially include testing in their other production of housing beyond the pur-
pose-built facility.

The research has been planned using the Three Tier Model promoted by the
SusLabNWE (Baedeker et al. 2014) distinguishing the phases (a) insight studies,
(b) explorations, test and evaluations in prototype homes and (c) the introduction
and up-scaling on the market. The here reported insight study prepares for contin-
ued research in which experiments for more resource efficient and less material
flow driving designs of homes will be tested in connection to HSB Living Lab.

Results address clients, architects and housing policy makers, but also occupi-
ers and users of home in a bid to induce changed habits by making material flows
and environmental loads from home makeover tangible.
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8.3 The Need of Feed-Back from Use

The learning loops for building related knowledge are long. Many years will pass
between planning and design to actual feed-back from operation and use, and
many and diverse contextual factors will influence what happens after a building is
constructed (Brand 1994). In addition, most building projects, lacks of post-occu-
pancy evaluations and feed-back from use(rs).

Contemporary development and innovation of housing lay in the hand of the
market and is slow, risk averse, and has stagnated in recent decades. In the early
post-war era, the Swedish government financed home-related research. Based
on empirical studies universal layouts for good homes were designed and imple-
mented with regulatory instruments. Since the abolishment of state involvement in
housing development in the 1990s few empirical studies of home-based practices
have been conducted.

During later years, housing design has gone from homogenous and univer-
sal standards to a more heterogeneous and varied provision (Nylander 2013).
However, it is not proved that this diversity truly recognises actual needs.
Basically, 20th century housing schemas are reproduced without taking into
account recent and drastically changing conditions for modern living with alter-
ing demographics, globalisation, digitalisation and climate change. Modern liv-
ing is changing quickly, with varying family configurations, and new working and
moving patters (Braide 2015). Families with children are for example to a higher
degree seeking near city living rather than sub-urban settlements, an example
of a trend that has not been anticipated by the market. Regarding sustainability,
research has also detected an ‘efficiency gap’ indicating a broader willingness
to live smaller and to use less resources than what is recognised by the market
(Hagbert 2016).

With respect to material flows driven by refurbishment and changes to build-
ings, flexible building concepts where users can adapt their living environment,
has been proposed as a path to achieve more sustainable architectures (Kendall
1999). Open building concepts or skeleton buildings are since long used in the
commercial sector allowing for user-customised solutions fitted for individual
needs regarding unique interior spaces, equipment and systems. However, such
solutions are still scares in housing design. Our 19th century modernistic housing
ideals are based on ‘rigid’ single-use expert-made designs that are neither prepared
for changes, renovation nor repair (Scott 2008).

8.4 Living Labs to Support Design of Sustainable Homes

Living Labs have been brought forward as a means to support sustainable inno-
vation and transitions to improve knowledge about user habits and the test of
practice-oriented design experimentations. They represent platforms through
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Fig. 8.1 Next 21 open
building housing experiment
in Osaka. Photo Paula
Femenias

which housing development and innovation can benefit from tests that are more
focused on influencing external factors than normal production lines. They will
have limited economic risk, in comparison to direct implementation without test
and can shorten the time span from design to evaluation (Femenias and Hagbert
2013). Living labs are based on co-design and user-centred processes (Liedtke
et al. 2015) with the object of also inducing changed habits by ‘living change’
(Scott et al. 2012).

While a larger body of research papers reports on developing methods for mon-
itoring and inducing change in user habits in Living Labs (Baedeker et al. 2014)
and on the development of sustainable products and services (Scott et al. 2012)
there are a few that report on architectural design. Thomsen and Tjora (2006)
report on an experiment with a design-build-live project for compact collective
student housing in which students would experience design made to improve the
sharing of living space. Other architectural research on the design-build-live con-
cept has been carried out in relation to Solar Decathlon projects (Masseck 2014).
Full-scale open housing experiments have been carried out in the Netherlands, the
UK, Finland and in Japan (Kendall 1999). One example is the Next 21 project in
Osaka experimenting (Fig. 8.1) where the exterior cladding, the mechanical sys-
tems and the interior design has been constructed as separate systems in order to
facilitate renovation and adaptations.
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8.5 Method and Approach

In order to get empirical insights in renovation cycles and changes made in con-
temporary owner-occupied apartments, a questionnaire was sent out to five
selected housing co-operations. All projects have been developed by HSB and then
sold to the housing co-operations. The co-operations consist of a group of owner-
occupier with individual apartments and a collectively owned building infrastruc-
ture. Guidelines for the selection of cases were approximately 10 years in use,
100 apartments and a diversity regarding construction and design. Housing older
than 15 years (before 2000) were not considered due to data availability but also
deliberately, as we wanted to focus on contemporary housing design. Further, we
choose projects with different solutions for facades as we did not want other prob-
lems with the building to overshadow our results, for example the EIFS (Exterior
Insulation and Finishing System), commonly used in the early 21st century, is
often connected to mould problems.

Four housing co-operations were chosen in Goteborg Cases B—E, the second
largest city in Sweden with a comparative case, Case A, in Stockholm, the capital
(Table 8.1). All five housing projects are located in new waterfront developments
where energy efficient and sustainable housing have been guiding the design and
development.

We contacted the board of the housing associations to ask for their interest to
participate in the study and their cooperation with a questionnaire. A questionnaire
was then sent out to the 462 households in the five co-operations. The question-
naires collect data on changes made to different rooms including: floor and wall
layers in each room; removal or addition of walls; changes of opening and doors;
new layout of kitchen and bathrooms; new or altered equipment in kitchen and
bathroom and/or altered location; changes to storage and balconies/terraces; new
or altered installations (electric or other). The questionnaire consisted of 64 binary
scale questions only allowing yes/no answers with possibilities to add free text.
Together with the questionnaire we sent out the original layout of the apartments
with an appeal for the occupier to draw the changes made to the apartment.

In a planned second step, in-depth interviews will be carried out with a few
households (~5-10) living in apartments that have been subjected to major
changes but also representing different kinds of changes driven by the spe-
cific design of the apartment. The interviews will study the changes and also the
motives for these. When all data is collected, workshops will be organized in the
project team (mainly Chalmers and Tengbom architect, and HSB invited at a larger
stage) to discuss how changes made in the apartments can be linked to differences
in architectural design. Other factors influencing changes to the apartments such as
demographics of the user, size of apartment, number of owner changes, and nor-
mative practices among owner-occupier of homes will be also discussed.

Finally, in a third step the environmental impact from the owner-driven changes
will be estimated, based on typical changes of apartments, their related mate-
rial flows and environmental impact using appropriate software. Usually internal
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user-driven renovation and material flows are allocated to the household, and not
to the building. This study will thus provide original insights into the relative envi-
ronmental impact, estimated for a period of 50 years, of internal renovations in
comparison to the environmental impact of the whole building when constructed.

8.6 Preliminary Results and Discussion

The insight study is still on-going and data is under collection and analysis. There
has been a large interest among housing co-operations to participate in the insight
study, and all housing co-operations that we initially approached were interested
in participating and five were selected. There has been a large response rate for the
questionnaires 315 answers and an average response rate of 68 %. Many respond-
ents have also delivered drawings in which their changes are marked.

Two main categories or renovations have been found. Not surprising, the most
common changes are repainting, new wall-papers and new flooring but also new
inner doors, changed white goods and sanitary equipment. Some of these changes
are driven by preference and wish to set a personal touch to the home but many are
driven by technical damage driven by low quality original materials. Considering
that the apartments in the study only are 8—15 years old, these changes are remark-
able as sanitary components such as WC could last for 30 years and wooden par-
quet for 40 (Willis-Insurance-Pool 2015).

Second, and most important for this study, are changes driven by the layout
and the architectural design of the apartments. Based on the questionnaires and
the drawings the respondents handed in, we have categorized different changes
made to the original design. The most prominent alterations to the original lay-
out of the apartment regards the design of the kitchen, the contact between the
kitchen and the living room, addition or removal of walls to create more or fewer
bedrooms, and measures to limit excessive space only used for communication
between rooms. The largest number of changes is found in apartments in Case
A in Stockholm where many owners have added walls and created more rooms.
Apartment with originally two or three bedrooms have been altered into four or
even five bedroom apartments to house families with children. Case A and Case
B in Goteborg, are the oldest in the study and have been designed with more gen-
erous apartments and the possibility to separate more rooms than in the original
configuration. Case C, D and E are more recent and represent more compact apart-
ment designs. The compact apartment designs seem to have less possibility for
alterations and can be seen as more locked-in designs in terms of adaptation. With
respect to an observed lower turn-over in the more generous apartment designs (as
in Case A and B) this could indicate that when apartments have possibilities for
alteration, thus having a built-in flexibility, this could lead to lower turn-over. That
is, if the occupiers have the possibility to alter the apartment design according to
their changed needs, they are more prone to stay, something that could contribute
to social sustainability of the area (Schneider and Till 2007; Braide 2015).
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Fig. 8.2 Example of layout
of apartment in Case D

Figure 8.2 shows an example of layout of apartment in Case D, where the
owner-occupiers have drawn their changes to the original layout. The owners have
removed a cupboard unit, and thus also changed the whole floor cladding, origi-
nally designed to create a separation between kitchen and living room for better
sight between the two spaces.

8.7 Conclusions and Implications for Continued Research

The insight study provides us with empirical insights from owner-occupier
changes to apartments in a few new developments of multi-residential water-front
developments in Swedish growth areas. The results have valuable input for archi-
tects and developers of housing but also for developing planned experimentation
with more flexible housing design within the framework of the HSB Living Lab.

There has been a large interest to participate in the insight study. This could
indicate that there is an interest among owner-occupiers in HSB housing associa-
tions also for continued research and experimentation in the field, where we will
define design experiments in relation to more open house concepts with a broader
possibility for user adaptations. The research is now continued with in-depth inter-
views to better understand motives for changes and renovations. In parallel, the
environmental impact of the changes and renovations is estimated.

The empirical material also point to complementary perspectives that might
be of interest for continued analysis and studies. One of these perspectives is to
highlight the process from design to production, where initial intention of the
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architect designer has been altered during production on initiative of the contractor
and builder, and in what sense this affect the use of the building. Another perspec-
tive is that of risk. If the owner-occupier of the individual apartment renews or
changes installations, piping or materials, this could affect the building’s systems.
For example, if the kitchen fan is removed or is in another way altered this could
affect the balance in the ventilation system. If the owner-occupier installs addi-
tional heating sources or adds insulation in non-heated areas this could challenge
the buildings overall energy performance and maybe even ratings for sustainability
assessments. New claddings on terraces and balconies also present a risk regarding
mould in nearby fagade constructions.

Finally, our study presents pioneering research towards a broader understanding
on how our built environment changes over time, what is the role of design and
architecture in these processes and in what way is design linked to material flows
and related environmental impact. Our intention is to improve knowledge of more
open building concepts but also to increase awareness of environmental load, and
eventually risks, from interior changes driven by the user. We also hope to provide
input to policy makers in the housing area and for future building regulations by
providing empirical studies of use of our homes.
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Chapter 9
DARE2Build

Shea Hagy, Peter Selberg, Larry Toups and Paula Femenias

Abstract Education efforts, both at Chalmers and elsewhere, could be developed
to better suit the needs of competences that would help with solving the soci-
etal challenges of coming and current generations. The educational framework
Dare2Build aims to be a part of this development by immersing its students in
cross-disciplinary teams, working with co-creational methods, to solve practice-
based tasks. The proximity to the explorative research environment surrounding
a living lab, and the prototyping infrastructure in particular, the HSB Living Lab,
is expected to incorporate innovation and entrepreneurship into the participants’
learning experiences and thereby promote utilization of activities of the university
sphere.

Keywords Education - Practice-based learning + Cross-disciplinary + Co-creation

9.1 Introduction

Dare2Build is a proposed educational framework that connects students from vari-
ous disciplines and includes the use of a third generation Living Lab as a crucial
part of that framework. The development of this educational framework began
within the European Union funded SusLab Project, which aims to support the
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Fig. 9.1 Render of HSB Living Lab on Chalmers Johanneberg Campus, Gothenburg, Sweden
(Photo Tengbom Architecture)

development of an international Living lab infrastructure network for testing and
promoting innovation within a real-life context to create new ways of improving
sustainability within the home environment ([suslab.eu/about/suslab-mission]).
From work at Chalmers within the SusLab Project emerged the concept of a Hab
Lab, as described by Femenias and Hagbert (2013). At the same time the Climate-
KIC flagship project, the building Technology Accelerator (BTA) was being devel-
oped to continue and extend the work done within the SusLab Project with the
BTA supporting the creation of a living lab network. One of the living labs within
the network will be located at Chalmers University of Technology in Gothenburg
Sweden, the HSB Living Lab (HLL). The HLL is a living lab infrastructure in the
form of student housing for the real world testing and prototyping of sustainable
innovation in the home (Fig. 9.1). A prototyping lab has been Included within the
HLL infrastructure to foster the innovation and prototyping process.



9 DARE2Build 105

[ SUSLAB |
CLIMATE-KIC /
Chalmers
Chalmers' participation in research idea: BTA NETWORK
SOLAR DECATHLON HABITATION l
LAB
Chalmers
l HSB: LIVING LAB
DARE2BUILD

Fig. 9.2 The idea for the DARE2Build concept has grown from several different sources

A Dare2Build pilot curriculum is currently being planned to run at Chalmers
University in Gothenburg, Sweden in cooperation with Rice University in
Houston, Texas, providing the tools and support to create an innovative living unit
founded in an advanced understanding of what sustainability means in the build-
ing sector. It intends to take advantage of the Chalmers HLL as a crucial piece of
Dare2Build in the conceptualization, building, prototyping and evaluation of tech-
nologies and user behaviors that promote those sustainable innovations for future
homes.

Also, in 2013, Chalmers entered the first Swedish entry into the Solar
Decathlon competition in China, Halo, a plus energy solar home designed and
constructed by an interdisciplinary team of students (http://www.halosweden.
com/). Since this was a rewarding practice-based learning experience for both stu-
dents and staff, the intention is for Dare2Build to keep developing entries to future
Solar Decathlon competitions (see Fig. 9.2).

9.2 Call for Innovative Education: The Why

In the building sector, collaboration between researchers and non-academic stake-
holders will influence the legitimacy, ownership and accountability of solutions
that potentially can speed up innovation. The Dare2Build-course aims to facili-
tate this collaboration, and its structure draws on experience and knowledge at
Chalmers University as well as international research within the field. There is an
increasing agreement that the complex issues associated with sustainability and
the built environment are in need for integrated and transformative solutions which
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can be offered by transdisciplinary research and triple-helix formations (Lang
et al. 2012). Constructive input is needed for sustainability from various communi-
ties of knowledge to reduce short-sighted, non-holistic perspectives and that are
sometimes present within individual competences.

Education in the built environment needs to adapt to the new demand for compe-
tence and capability regarding sustainability in urban planning and design. Referring
to the ‘wicked’ or ‘non-tame’ character of urban and architectural challenges (Rittel
and Webber 1973) education of architects has since long been centered around near
practice and reality based studios in collaboration with stakeholders. However,
sustainability will set emphasis on social learning and transformation whereas
education of built environment professionals has mainly been technical. These
preconditions place some demands on what skills future professionals in the built
environment should have when they enter the work force, including effective com-
munication across disciplinary borders and with non-academic stakeholders, putting
one’s knowledge and abilities into context, and handling complex problems through-
out all levels of the design process to drive sustainable development.

Recently there has been an increase in reality-based design studios to improve
knowledge in sustainable solutions and processes of the type design-and-build in
inter and transdisciplinary settings (Femenias and Hagbert 2013). Examples of
this are found in the Rural Studios (Oppenheimer Dean and Hursley 1998) and
the Solar Decathlon competitions. Some Universities have experimented with
labs for housing experiments like the SpacelLab at MIT. TreStykke in Norway,
on the concept design-build-live (Thomsen and Tjora 2006), and a Living Lab in
the Netherlands (Scott et al. 2012) show examples of how students gain personal
experiences in the design and use of space and facilities. This is beneficial as it
broadens the use of co-creation towards sustainability, advancing knowledge into
teaching, and thereby challenges the unsatisfactory trend of how it is increasingly
normalized in sustainability science but teaching efforts have so far been mainly
faculty research. (Trencher et al. 2015), and builds upon how the United Nations
Decade of Education for Sustainable Development has highlighted the need for
real-world situations for education involving societal stakeholders (Wals 2014).

In order to achieve these skills students should be given the opportunity to
engage in an ambitious, reality-based, cross-disciplinary and co-creative learning
environment. Contemporary sustainable challenges demand inter-disciplinary col-
laborations and more innovative solutions to address the quickening pace of both
environmental and societal changes. The building industry, however, is slow at
changing and very risk averse, making it more essential that students before enter-
ing the industry are given the opportunity and experience to work within this kind
of innovative environment allowing them to develop the skills and knowledge
needed to speed-up innovation processes and more effectively address complex
problems and challenges (Femenias and Hagbert 2013).

To further understand how to integrate an innovative educational cross-dis-
ciplinary practice-based learning platform into the Chalmers’ campus, a 2-day
workshop was held with representatives and students from Chalmers’ architec-
ture and engineering departments as well as representatives from Rice University
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Fig. 9.3 Photos from the cross-disciplinary and practice-based learning co-creation workshop
#2. held at Chalmers University of Technology, Gothenburg, Sweden, November 20th and 21st,
2014 (Photo JIG EF, teamjig.com)

and Chalmers’ Areas of Advance: Energy, and Built Environment (see Fig. 9.3).
Through this workshop many ideas were generated together with a series of values
for the various stakeholders (see Table 9.1), to be used later in the upcoming cur-
riculum development.
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Table 9.1 Value of practice-based and cross-disciplinary learning

Value for * Getting prepared for the profession while studying (can replace some time of
students professional experience)
* To get skills and knowledge for planning and facing work environment
challenges

* To get improved communication and teamwork skills

* To understand the complexity surrounding the realization of an idea (concept
or design)

* To apply/test theoretical knowledge in practical work

* To understand the necessity of getting multi-disciplinary perspectives on prob-
lems in order to develop thorough solutions

* To learn how to express one’s idea through an adapted terminology

Value for * To have insight into the practice world

teachers * To develop teaching skills by facing practice challenges

* To make courses more relevant for the education of engineers and architects

* To design courses that are more relevant for the education of future
professionals

* To learn from other disciplines

* To be aware of future research needs

Value for * To gain a higher quality of education by providing students with practical

universities experiences

* To potentially obtain better international ranking by creating a practical profile

* To improve interactions between different departments and active internal
organizations

* Achieving a better profile by sending a better-prepared working force to the
industry

* To strengthen the collaboration between different departments through com-
mon courses

Value for * To create networks between students and companies (to serve good ground for

industry future employment)

* To receive graduates with good understanding of real-world challenges

* Opportunity for companies to develop innovative solutions by collaborating
with students and academia

* Newly-graduated students that are better prepared and more efficient at work

At Chalmers there exists a unique opportunity to connect education to a 3rd
generation living lab, the HSB Living Lab. This will allow students to not only
participate in design-build processes but also the operation and evaluation of the
built structure which they themselves have designed and built, and the insights
that come with this. This in turn will connect industry and academia creating new
pathways for innovation penetration into the building industry, where ideas move
from academia to companies both through students having more fully developed
innovative ideas and knowledge when they enter the workforce and through the
collaboration with industry partners in the Dare2Build framework and educational
process. This can provide a catalyst to break the business-as-usual mindset of
many graduated students stemming from tradition and culture at both professional
and university levels.

Thuvander etal. looked at 25 years of the sustainable building curricu-
lum at Chalmers architecture department and found support for courses like
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Dare2Build; “In order to keep up with knowledge development, integration of
different disciplines and stakeholder groups from the construction sector is nec-
essary [...]. Important factors for success are integration, collaboration, continu-
ity, progression, and enthusiasm”. This supports the idea that Dare2Build is a next
step in the evolution of sustainable building education.

9.3 Course Creation: The How and the What

Dare2Build uses co-creation design process, in cross-disciplinary teams, work-
ing on real-world problems. The main difference between Dare2Build and similar
courses at Chalmers is that it utilizes the entire CDIO-framework, an “innovative
educational framework for producing the next generation of engineers.” ([cdio.
org/about])—and incorporates other disciplines into this framework, similar to
Building Information Modelling (BIM) collaborations that are becoming more
common on the professional level.

The structure of Dare2Build follows that of the CDIO-initiative, which is appli-
cable also for architects. The four stages of a CDIO project are: Conceive, where
the customer needs, technologies and concepts are defined; Design, where the
product is defined through drawings, models or algorithms; Implement, where the
design is transformed into a product through manufacturing or coding as well as
testing and validation; and finally Operation, where the product is applied in its
intended context, used and maintained. Regardless of the type of product, there
would need to be a mix of competences present to be able to reach a good result,
since the full complexity of the task needs to be handled.

Each year of Dare2Build will be anchored in a special theme surrounding sus-
tainability in the built environment. These would be gathered from global trends,
societal conversation and ongoing research, to reach an adequately innovative,
efficient and relevant way of driving sustainability and bridge education, research
and utilization. The participation in the international sustainable building student
competition Solar Decathlon will force the project to new heights (if applicable
for the given year), as will the cooperation with Rice University in Houston (See
Fig. 9.4).

This enterprise needs a well-defined organizational structure. The Area(s) of
Advance, an organizational element within Chalmers that connects researchers,
companies and other stakeholders within a certain theme, e.g. Built Environment,
appear as a natural point of departure to serve as a platform for meeting, contact
agency and supportive patron. The proximity to non-academic actors within the
Areas of Advance can also contribute to quality assurance and market needs.

The end result of the curriculum aims at creating a fully functioning housing
unit (building system) that is net positive on electricity, i.e. produces more elec-
tricity than it consumes. This demands cooperation between students with vary-
ing competences to realize the level of complexity needed to construct such a
building. The main challenge inherent in the task, the students themselves are the
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Fig. 9.4 The circulation of identified inputs and outputs from the DARE2Build curriculum

craftspeople in charge of executing their own design, will by necessity bring about
a heightened level of cohesion between the participants increasing the understand-
ing of cross-disciplinary collaborations.

9.4 Next Steps

Dare2Build will open up new possibilities for everyone involved. We believe that
it, and its accompanying processes, will contribute to an educational platform that
operates as a living laboratory and open arena which challenges normative and
cemented paradigms, rallies competences and individuals to joint journeys of evo-
Iution, and that opens up the solutions to industry and society. Aiming to encour-
age more effective collaborations across industries and disciplines through such
a course, is crucial within the built environment if we are to meet the challenges
we face today. Students, teachers, and professionals across the building industry
need to rethink and restructure learning and innovation processes and methods in
order to reduce impact on global climate, resource use and to progress towards a
more sustainable built environment. Dare2Build is an evolution towards this goal.
Currently discussions with department heads on how to implement DARE2build
are taking place at Chalmers, as well as development of a clear model for collabo-
ration with Rice University. A part of this will include improving the initial set of
learning outcomes that have been developed based on ideas, input from stakehold-
ers and workshops associated with Suslab, BTA, Solar decathlon and HLL projects.
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Chapter 10
The Storyline for the Design Process
that Shaped the HSB Living Lab

Peter Elfstrand, Gregory M. Morrison, Larry Toups and Shea Hagy

Abstract The storyline for the design of a Living Lab is presented from the idea
stage through to building construction. The design process was a co-production of
social and technical knowledge within the emerging partnership, which was struc-
tured around six defined focus fields. It also describes how a unique participation
within Chalmers, focused on linking research in space, added to the inspiration.
The outcome is that once built, HSB Living Lab is both an innovative building and
a real-life user-centered facility with the flexibility to enhance and enable innova-
tion through the lifetime of the building.

Keywords Living lab design + Private and shared space * Space living lab -
Exchangeable facades + Social space * Architecture * Innovation
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Fig. 10.1 Exterior of HSB Living Lab Version 1.0. The tenants has moved in 1st June 2016
10.1 Introduction

This article considers the design process for shaping a Living Lab, the HSB Living
Lab (in Gothenburg Sweden) Fig. 10.1 from an idea stage to the construction of
the building itself. The lab design process is both an early preparation for the co-
production of knowledge (Evans et al. 2015) and the place for the co-creation of
partner value propositions (Lai et al. 2011). The storyline that is presented here
therefore provides a critical insight into the Living Lab design process that is
underpinned by a transdisciplinary innovation arena of industry, society and aca-
demics. The lessons learned are important as a Living Lab provides a heterogene-
ous spectrum of social-centered to technical-centered innovation manifests (Franz
2015) and done properly, the design of space and place should facilitate, but if
done wrong might hinder, innovation (Bergvall-Kareborn et al. 2015). Further, the
lessons learned should also aid others in providing a Living Lab design that caters
for the long-term viability of future Living Labs (Mastelic et al. 2015) and support
business models for that purpose (Rits et al. 2015).

10.2 Storyline

It might seem unusual for a number of reasons, including business econom-
ics and reputation, for an architect to be involved in the early stages of a project
that is simply a vision for a place, a space, for business and academics to work
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together and in the absence of a clear idea of a program for either use or function.
Nevertheless, as an architecture company (Tengbom Architecture of Sweden) we
saw this as a unique opportunity, a challenge, a market niche and a value proposi-
tion. We led a design by research process that was close to an artistic approach
which brought together the collective creativity of the business and academic part-
ners (Lehmanm et al. 2015) with the free research methods setting the tone for
the early stages of Living Lab design. While the main effort was directed towards
the design process the project also became a communication and knowledge co-
production process for the partners within the project.

The origin of the Living Lab can be traced back to a first meeting between an
employee of HSB (see acknowledgements) and a professor at Chalmers University
of Technology (the second author). Both identified the need for a real-life place
(Femenias and Hagbert 2013) for studies on how we actually live (social-centered,
Franz 2015), as well as a place to test new materials and construction techniques
(technical-centered, Franz 2015). The fact that the Living Lab founding partners
together represented the residential business sector and academia, respectively,
was the start of the co-production of knowledge that is the signature for, and has
driven the design evolution of, HSB Living Lab.

Tengbom architects joined the partnership with the stated intention to enable
and create good and sustainable living solutions through architectural endeavor,
this being the value proposition for their business. For this purpose Tengbom
co-assisted in several of the early co-creation workshops, to allow the defini-
tion of value and form, the latter being early knowledge and ideas. Six thematic
themes emerged out of the workshops which were established as focus fields for
the partnership and the design process viz: Architecture, plans and accessibility;
Architecture and movability; Ecological sustainability; Energy systems; Laundry
room; Research as a function.

10.2.1 Design Pilot

In parallel with establishing the focus fields, Tengbom initiated a design pilot to
collate global knowledge within the focus fields and for current and proposed
Living Labs. For the latter, the design pilot was partly influenced by the Living
Labs for sustainability of Suslab and Climate-KIC BTA (see acknowledgements)
and partly by other established Living Labs such as those in pervasive healthcare
(Favela et al. 2015) and Green Dormitories (Watson et al. 2015). The team for the
design pilot also considered, filtered and collated design solutions at interior and
building scales. This provided inspiration and associative methods and an impor-
tant library of knowledge.

A design process for architecture balances between free mind and structured
thinking,

Tengbom assisted with systematically organizing this information within the
focus fields. Ideas were arranged under the fields and colour coded where green
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meant go, yellow meant parked for possible future use and red meant outside the
scope of the project. The colour coding allowed the architects, in close coopera-
tion with researchers from Chalmers, to shape the focus fields for a final round, as
well as to provide a database for the Living Lab design (version 1.0), for possibly
future work.

Stakeholders within the housing association’s service ecosystem who were
considered key stakeholders for the Living Lab open innovation (Lapointe and
Guimont 2015), but outside the initial partnership, were engaged to enrich the
reviews of the state-of-the-art and to provide proposals for further studies within
the focus fields. The design pilot was finalized in two days synthesis workshops
for each focus field, which Tengbom used to form the starting point and founda-
tion for the architectural program, which at this point was excessive.

10.2.2 Concepts and Building Program

In most contracted situations, the architects’ client has a clear idea of the program
for the building or construction. The situation with HSB Living Lab was dif-
ferent insofar as although the general guidelines were to build a Living Lab for
knowledge-innovation as student apartments, a wide degree of freedom from a
large knowledge base confounded the attempt to simplify the program. This situa-
tion challenged the architects to be exceptional in communication, to interpret the
response from the main client as well as other partners, and to slowly iterate the
qualitative and quantitative input into a focused conceptual program. Placemaking
was one of the models to communicate and define the project (Fig. 10.2).

To add structure to this complexity, the architect employed methods of analysis
and process, as well as benefiting from close collaboration with dedicated experts
at Chalmers, to figure out their initial needs for the building, as well as to discover
important features of the building design that would add value to the research
process (Fig. 10.3). Fortunately, the Chalmers researchers brought an experience
from the European Suslab project and needs for the Climate-KIC BTA flagship
(see acknowledgements) and a relatively precise definition of a Living Lab with
sustainability and innovation as key features (Brynarsdottir 2012; Dell’Era and
Landoni 2014; Leminen and Westerlund 2012).

10.2.3 Program

At the same time as the initial design process was occurring, a unique source of
inspiration emerged. While looking at examples of previous terrestrial living
lab examples, a space living lab, the International Space Station (ISS), was also
brought into the conversation. The modularity, flexibility, and confined spaces of
the ISS were all similar to design features needed for the HSB Living Lab. The
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Fig. 10.2 The design process included the collation of thoughts and data followed by arranging
into words and symbols and finally the values behind the focus fields

ISS adds structure to complexity that enables science, technical and behavioral
research to be conducted, but in a low Earth orbiting platform.

One research need was the provision of equal living unit size and layout, as
well as quantified numbers of equal situations. This challenged aspects of surface,
economy and planning, providing a key question—how do we design at least 20
equal living units on a heavily limited footprint? The design result was the organi-
zation of social living units with relatively small private surface space, but fairly
generous shared space that could be evaluated against each other for a wide range
of research activities including different material choices or difference in social
behavior (Fig. 10.4).
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Fig. 10.3 Space syntax for the Living Lab, the basic concept is presented for space for each inhabitant

Fig. 10.4 Layout of 6 equally sized student apartments, mirrored to provide 12 apartments on
the first floor. The equal size provides the basis for comparative research on a home energy man-
agement system and indoor climate, with extensive sensor systems in place. The shared space for
the kitchen and living enables the introduction of compact private space
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With slight adjustments, this organization of living space is repeated four times
in the building to further enhance quantitative replication between groups. One
floor, situated in mid-level of the building, is standardized, close to present market
solutions, which provides the potential to use this as a test platform for small con-
figuration with good economy that can be adapted for contemporary building form
and practice.

The structure and order of the building concept, was also designed for feasi-
ble layout with the intention to allow the stakeholder and research communities to
engage and communicate. This is important as the Living Lab platform will attract
partners that may have less knowledge about built environments and/or research,
although they nonetheless have a valuable contribution from their specific profes-
sional field. The architecture was therefore ordered to make it easy to understand
and communicate around with three attributes of being generic, democratic, and
finally, a built research and living platform.

10.3 Integration of the Six Focus Fields into the Design
10.3.1 Architecture, Plans and Accessibility

The design parameters are thoroughly pragmatic and the building is designed fol-
lowing simple principles of measurement, structures and surfaces and all with the
aim to provide direct use of the building and to provide the flexibility for future
changes and alterations in plan layouts. As an example of this, one of the main
inspirations for a conceptual idea as well as built structure has been the Japanese
tatami carpet (Daniels 2012), which as a single artifact may be used to inspire and
organize spatial units. To this has been added an interest in spatial units and the
use of volume (Fig. 10.5)—mainly in communal apartment groups—in the form
of a higher ceiling height, small housing units with loft and common spaces with
loft and contact with two different facades. The design incorporated simplicity and
repetition, with small displacements, to create interesting differences between the
floor levels but still offer equality for the quantitative research.

10.3.2 Architecture and Movability

A high priority from the start of the project has been to be able to reuse parts or
move all of the building at a later date. The architect employed simple measure-
ment principles that would work in conjunction with the current national build-
ing standards for residential volumes. The idea is that this building or a similar
design can be moved and adjusted/programmed with small adjustments, both to
the unique location of the Living Lab, but also for use as an infill project along a
city street or solitary in an open area. For this purpose the building is divided into
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Fig. 10.5 The compact private units feature a shift of paradigm in interior design from surface
(m2) to volume (m3) through raised sleeping and storage space

Fig. 10.6 The orientation of
the 44 factory built modules
and structures. This design
concept has other potential
applications other than an
integrated student apartment/
Living Lab building,
including infill of valuable
urban space

44 modules that were prefabricated and then moved to the site and this enables
the possibility for disassembly. A lot of effort and thinking went into making this
field of design marry with the other required functions (Fig. 10.6). The design also
allows for housing units to be lifted up on the roof at a later date, for 3D property
development.
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10.3.3 Ecological Sustainability

Ecological sustainability includes an overall thinking about the life-cycle perspec-
tive and the materials and products to use during construction, but also the flows of
energy, water and resources through the building during use. Revisiting the analo-
gous situation with space travel, this time looking beyond low Earth orbit, beyond
the ISS, to future missions into deep space. These future missions, for example to
Mars, will require sustainability not available to present day astronauts. Life sup-
port systems that recycle the water and revitalize the air and the growing of plants
to produce fruits, herbs and vegetables locally are just two examples of the eco-
logical sustainability that will be a required part of space exploration.

We have deliberately posited open questions (that do not lock into predetermin-
ing values, ideas and trends) have found in the design process that ecological sus-
tainability is all about developing and changing our mindset as users and for the
building to create social environments that can deliver experimental studies during
the operation stage of the building.

One example of ecological sustainability was designing the space for private or
common gardening has been planned through shared balconies for the communal
apartment floors, as well as on the balconies of the more private floor level. This
gardening activity is designed for a seamless transition into the common kitchen
which enables research into reducing food waste (Fig. 10.7), the latter being based
on our preliminary household metabolism studies (Harder et al. 2014).

Fig. 10.7 The common kitchen provides the shared space for the efficient use of water, energy
and resources while contributing to a compact building footprint. Each common kitchen links
the indoor and outdoor space through a covered balcony where the users’ relation to gardens and
urban ecology can be studied
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The water engineering has been designed with the flexibility to allow rainwa-
ter harvesting for the gardens, a rain garden to demonstrate climate adaptation
through stormwater infiltration and the selective recycling of wastewater. A further
research facility is also being planned by Chalmers researchers, with free standing
greenhouses, either on the roof of the building or on surrounding land.

10.3.4 Energy Systems

A Living Lab provides the possibility to study user interaction with heating/cool-
ing and other energy related services. Early studies in the Suslab project (see
acknowledgements) focused on the use of indoor climate sensors to support prac-
tice based design (Gram-Hansen 2009; Kuijer and de Jong 2012) for improved
home energy systems. Meanwhile, Climate-KIC BTA (see acknowledgements) as
a project was designed in parallel with HSB Living Lab to study the development
of a home energy management system. As a consequence of these needs, 20 of the
living units will be filled with sensors from start, close to 2000. The use of a cen-
tral stairway space (Fig. 10.7) with direct vertical access through an open vertical
shaft (with open and accessible systems) allows further testing and improvement
of the system when required.

The fully visible systems design simulated the trunk of a tree that branches out
on each level to support each living unit separately. The system has been termed
Plug n’play by the architect as it is a fully flexible system that may be built at the
preconstruction site and assembled to fully function when each module is mounted
on site, as well as disassembled when parts of or the whole building is moved
(Fig. 10.8).

10.3.5 Social Laundry Room

During the early design phase, parallel inspiration workshops were carried out to
provide co-creation between the partners and researchers with the aim to provide
the basis for both user and technically relevant prototypes. The first co-creation
workshop was given the title “A Hackathon for Next Generation Clothing and
Laundry Systems” and arranged by Chalmers, NASA and Rice University and run
by the Royal College of Art in London. This methodology proved very effective
for bringing the partners together and has now become an integral part of a multi-
faceted and creative design process.

The co-creation workshop was carried out in 2014 with students at Chalmers
and Rice University (Houston, Texas USA), with engineers at NASA’s Johnson
Space Center and with representatives of the now burgeoning HSB Living Lab
partnership (including, and particularly relevant, the Electrolux Group). The work-
shop unraveled innovative concepts for clothes washing that will be tested within
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Fig. 10.8 The illustration represents the group of modules, arranging living units/apartments
and their connection to one centralized energy system merging from one central shaft, thus mak-
ing the systems visible and transparent

the HSB Living Lab, as well as informing the experts at NASA dealing with laun-
dry in Space (Fig. 10.9). Two concepts emerged, the social washing space (see
Fig. 10.10) and the refreshment cabinet for unsoiled clothing.

The results of the workshop were translated into the design of the building
infrastructure through version 1.0 of the social washing room (Fig. 10.10) where
a mock up version of laundry furniture is positioned and the washing machines
connected in the very centre of the main entrance level space. This position is
designed to differ from standard common laundry solutions where all the func-
tions are positioned up against one free wall. Here the architect has designed a
configuration to form furniture around which the users may interact and do very
much more than just laundry, a dynamic meeting place (Fig. 10.10). This solution
demonstrates how a Living Lab may communicate and interact ideas with society
and accelerate innovation as this solution has already gained considerable interest
in the Swedish media.

The social laundry room is the first example of how innovative concepts can
be tested in the HSB Living Lab to uncover new ways to recycle and reuse natu-
ral resources in a small group environment of 4—6 students in a communal setting
(Fig. 10.4) or in the Lab as a whole. The design process does not end with the
building phase, as the innovation process will continue in this integrated environ-
ment of daily life which includes washing clothes, preparing meals and conducting
personal hygiene. A second co-creation workshop held in 2015 focused on a next
generation kitchen, both on Earth and in Space. Concepts for food preparation,
storage, water use and reclaiming waste were investigated during the workshop.
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Fig. 10.9 Astronaut Chris Hadfield demonstrates washing clothes on the International Space
Station

10.3.6 Research

A Living Lab is a real-life place for knowledge innovation and as such should
be supported by cutting-edge ideas in research. Contemporary thinking is that
involvement of citizens in the co-creation process provides a greater user-centered
value and thereby shifts focus from a rational organizational basis to a more novel
and creative process (Ind and Coates 2013; Leminen and Westerlund 2012) which
is both iterative and reflective (Vicini et al. 2013). So research supports the Living
Lab user-based innovation process and was therefore an important aspect in the
design.
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Fig. 10.10 Version 1.0 of the laundry module test configuration has a spatial positioning in the
room, rather than along a wall, with surrounding furniture and work stations that can be drawn
apart and reassembled for the purpose of the student users and/or research

There has been extensive exchange of ideas and co-operation between
Tengbom and Chalmers to analyze and identify the research needs from the build-
ing. A key research project was developed in the Climate-KIC BTA (see acknowl-
edgements) to prototype new fagade combinations and solutions. An exchangeable
test panel system was designed as an integral part of the internal and external
building walls (Fig. 10.11) and is sufficiently flexible to permit the prototyping of
other indoor/outdoor systems such as thermal storage or adaptive cooling systems.

10.4 Insights

Designing a Living Lab requires an extra awareness of an open mindset and out of
the box thinking by designers. But one should not forget that behind this is part-
ners working together in a true spirit of co-operation with each and every inter-
est emerging with time and often enriching the design process. The consequence
is that in this project the architects has become much more than designers alone,
but also informal project leaders, directing the dialogue and communication of the
process, the interaction of partners and their input into the design of the building.

The design focus has been to create a platform that can be adjusted and tailored
as the research reveals user practice and behavior related to layout. This then is the
very essence of the Living Lab; people living in the Living Lab environment and
thereby affecting the outcome of studies which can then influence ideas and new
studies, both physically and socially.
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Fig. 10.11 The building includes 12 interchangeable wall/facade test panels that can be replaced
through a cassette system, as well as 2 full sections of the fagade on the third floor

The design/building project has become the very generator and the vital symbol
that, with its conceptual ideas has interacted and brought the partners together. The
design team, the researchers from Chalmers and the co-author from NASA have
continually challenged the partners to take important steps out of their profes-
sional comfort zones. The result has been a quality Living Lab within reasonable
economic constraints and, importantly, meeting partner expectations.

The HSB Living Lab at Chalmers has been built to test and demonstrate sus-
tainable technologies and practices for future homes. However, there are other
communities that might learn from the research conducted, and the findings
that will result from the use of the Living Lab. One of those communities is the
international group of Space researchers looking at more sustainable habitats for
future human missions beyond low Earth orbit. The long duration of such mis-
sions, to destinations such as Mars, actually parallel the conditions and constraints
that will be present in the HSB Living Lab. The extended duration of testing of
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Fig. 10.12 Stairway space of the HSB Living Lab, displaying the unique and transparent, easy
accessibly, systems

technologies and monitoring of user behaviors within the Living Lab are relevant
analogs to space habitats, which will need to be more sustainable and make wise
use of finite resources such as water, air and food.

These are excellent examples of a required activity needed, whether you are
living on Earth or traveling to Mars. The HSB Living Lab provides the platform,
the analog, to demonstrate and test these concepts, in an “integrated environment”,
over an extended time, with people. While this is being conducted within the
next few years at the HSB Living Lab, it could actually benefit those looking
20-30 years into the future of human space exploration. Space agencies such as
NASA have a unique opportunity to change the way it thinks about conventional
concepts like kitchens and laundry. Combine that with the necessity of even
more innovation for the journey to Mars and the natural inclination of students to
take a fresh look at things and the possibilities multiply exponentially. The HSB
Living Labs has been successfully built and will open in the summer of 2016
(Fig. 10.12).
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Chapter 11

Exploring the German Living Lab
Research Infrastructure: Opportunities
for Sustainable Products and Services

Justus von Geibler, Carolin Baedeker, Christa Liedtke,
Holger Rohn and Lorenz Erdmann

Abstract Living Labs for Sustainable Development aim to generate low-resource
innovations in production-consumption systems by integrating users and actors.
This chapter presents the results of a German study investigating potentials of and
measures towards the realization of a German Living Lab infrastructure to sup-
port actor-integrated sustainability research and innovations in Germany Geibler
etal. (2014). Generally, as the status quo analysis revealed, the sustainability and
Living Lab communities in Germany are hardly intertwined. However, twelve
Living Labs that explicitly consider sustainability aspects could be identified.
The analyses of drivers and barriers as well as SWOT (Strengths and Weaknesses,
Opportunities and Threats) provided the foundation to identify options for the
promotion of a user-integrating research infrastructure supporting sustainable
products and services. The measures suggested for Germany include a fund-
ing program for actor-integrated, socio-technical research based on a Living Lab
network, a communication campaign, and programs to foster networking and the
inclusion of SMEs. Some of the suggested measures have already been taken up.
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11.1 Introduction

Today’s challenges such as climate change, migration, and loss of productive land
(Rockstrom et al. 2009; Miinz and Reiterer 2009; Bringezu et al. 2014) are nega-
tive effects triggered by the ever-increasing worldwide consumption of resources
(Fischer-Kowalski et al. 2011). Although more and more efficient production
methods are developed, a major turnaround is out of sight. Key drivers of the over-
consumption of natural resources by the human technological system are basically
our current lifestyles in industrialized countries and corresponding household con-
sumptions (Baedeker et al. 2008; Welfens et al. 2010). Based on the material foot-
print, which includes resources used for energy, a study sketched out a reference
frame of the magnitude of reduction needed in terms of resource consumption
(Lettenmeier et al. 2009). As a long-term goal, an annual material footprint of 8
tonnes/person should be targeted for sustainable household consumption by 2050
(Lettenmeier et al. 2014). To achieve this target, the present material footprint of
household consumption must be reduced by 80 % (Lettenmeier et al. 2014). It is
clear that a fundamental transition of the current production-consumption system
is necessarily required to reach a reduction of this magnitude. Its drivers are not
only the development of innovative, low-resource technologies, products and ser-
vices, but also lifestyle changes. Research and innovation systems that can effec-
tively generate these low-resource product and service innovations are an essential
component of such a transition (BMBF 2012).

Over the last decades, a large number of potential innovations towards a sus-
tainable development, including efficient technologies as well as products and
services, were developed without considerable integration of consumers—for
example car sharing, new heating systems, alternative light bulbs or detergents and
electric kettles. Unfortunately, most of these innovations did not lead to the desired
effects due to unexpected user behaviour and changing life styles. In fact, the
technologically possible efficiency gains were even overcompensated by chang-
ing behavioural patterns (for an overview see Buhl et al. 2015). Many product ser-
vice innovations with a high sustainability potential fail because they are rejected
by consumers or create negative rebound effects (Sorrell 2007; Druckman et al.
2011).

In both research and product development, the interfaces of socio-ecological
transformation of consumption patterns have obviously received little attention so
far. Amongst other factors the indifference is caused by the fact that facilities for
explorative and experimental research in real-world surroundings (e.g., household
laboratories) are still lacking (Jackson 2005; Talwar et al. 2011). To counteract this
lack of attention Living Labs for Sustainable Development present a promising net-
work and actor-interaction approach (Liedtke et al. 2012, 2015). Based on an ear-
lier article this chapter points out “the potential for and the keystones of a user- and
actor oriented future research- and innovation infrastructure in Germany, which will
use the Living Lab approach to foster energy- and resource efficiency innovations
to contribute to long-term sustainable development” (Geibler et al. 2014, p. 577).
Furthermore, first steps of implementation of suggested measures are described.
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11.2 Methodology for Assessing the Potential of a German
Living Lab Research Infrastructure

11.2.1 The Living Lab Concept

Originally developed at the Massachusetts Institute of Technology (MIT) (Pierson
and Lievens 2005) the Living Lab concept with focus on sustainable innovation
has been defined for the study as follows:

“A Living Lab for Sustainable Development (or Sustainability Living Lab) is a
research approach aimed at open socio-technical innovation processes, in which
users as well as relevant actors of the value chain and the utilization environment
participate in the development and application of new products, services and sys-
tem solutions. The interactive innovation process takes place in the real environ-
ment of the users (e.g., user observation, field tests) and/or in laboratories that are
configured for user interactions (e.g., for the development of prototypes). The inno-
vation process is guided by sustainability criteria and aims to contribute to pro-
duction and consumption patterns that can be applied on the global and long-term
scale and are inter- and intragenerationally viable.” (Geibler et al. 2014, p. 578)

For the German sub-project of SusLabNWE we adopted this definition in a
slightly modified version (see Liedtke et al. 2015, p. 107) as a guideline for the
research and development process.

11.2.2 Research Steps and Methods

Based on the concept of innovation and technology analysis (ITA), the analysis
of the potential for a German Sustainability Living Lab research infrastructure
combines research and practical considerations (Zweck et al. 2008; Geibler et al.
2011). Therefore discussions of experts and stakeholders concerning innovations
and new technologies are of particular relevance. In total, 41 experts and stake-
holders participated. The research was conducted in a five-step approach:
Research Step 1: In order to characterize the Living Lab landscape in
Germany, the German research and development (R&D) landscape was screened
on the basis of an Internet and literature research. Also Living Labs in neighboring
countries and temporary projects were taken into account for benchmarking pur-
poses. To do so, differences were made between laboratories that explicitly consid-
ered sustainability aspects and those who implicitly worked on topics of relevance
to sustainability. In addition, the level of institutionalization of the laboratory was
investigated, by making another differentiation between temporary single projects
on the one hand and permanently established Living Labs on the other hand.
Research Step 2: In a second step, fields of application that promise a high
potential for benefiting from user integration in the innovation process were iden-
tified via a literature search. Besides efficient technologies, the focus was on
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products and services, which have the potential to significantly reduce resource
consumption, i.e., can boost resource efficiency. Next, the identified relevant prod-
ucts, technologies and services were classified and grouped into specific areas of
application known to be significant for resource consumption on the household
level. Those listed products, technologies and services with the highest potential
for resource efficiency and applicability were identified by means of a set of cri-
teria developed by Rohn et al. (2009) and adapted for this study (see Table 11.4 in
the Annex). Within the framework of a potential-validation workshop, the results
could be supplemented and evaluated through expert interviews and discussions
(Workshop “Sustainability potentials of Living Labs” 2012).

Research Step 3: The third step focused on the creation of an innovation-ori-
ented and internationally competitive research and development infrastructure in
Germany by analyzing its sufficient conditions and by conducting a further liter-
ature analysis and five expert interviews. In two expert workshops an extensive
dialog unfurled, in which 350 actors were identified and evaluated with regard to
their relevance for this project. 60 of these were rated as highly important based on
their potential towards innovation, consumer orientation and sustainability.

Research Step 4: Based on the research results a profile of strengths, weak-
nesses, opportunities and threats (SWOT) for a German research and innovation
system was created. This analysis covered both the general structure and perfor-
mance of the Living Lab landscape and its orientation towards sustainability. The
analysis was evaluated by a series of interviews with Living Lab practitioners and
experts.

Research Step 5: The last step leads to a discussion about options for practi-
cal measures and strategies for the implementation of a successful research infra-
structure of Living Labs for Sustainable Development in Germany. The discussion
is based on the SWOT profile and the results from the expert workshops and
interviews.

11.3 Points of Departure for the Development
of a Sustainability Living Lab Infrastructure
in Germany—The Results

11.3.1 Results of Step 1: The Status Quo

Regarding the current practice, the analysis of the existing infrastructure revealed
that the term “Living Lab” is used to describe a broad range of laboratories and
research approaches. Through desk research and further amendments in the expert
workshops, a total of 76 Living Labs were identified in Germany and neighboring
countries (see list of Living Labs in the Table 11.5 in the Annex to this section). In
Fig. 11.1 their geographical locations, as well as the degree to which sustainability
is considered in these Living Labs are depicted. 40 of the 74 Living Labs meet
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Legend:

. Explicit or implicit consideration of sustainability
. Connection to sustainability unclear or not present

O High degree of institutionalisation

The numbers specify the Living Labs, see Annex (Table 11.5) for their names and research fields.
Arrows indicate names or a location outside the map.

Fig. 11.1 Living Labs identified in Germany and neighboring countries (Status April 2012)
(Source Geibler et al. 2014, p. 581)
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criteria of sustainability aspects, concerning energy, nutrition, mobility, habitation
and working. Those aspects include technical and economical factors, for example
focusing on application fields with high resource intensity and saving potential,
as well as social factors, like intergenerational justice (Stabe and Schnalzer 2012,
pp. 65-69). In 12 of these Labs an explicit connection to sustainability in their
work can be found, while in 28 Labs this connection is only implicit. Regarding
their degree of institutionalization nearly the half (34) of the identified Living
Labs show a high level of maturity. There are only three Living Labs in Germany
that are both fully institutionalized and directly connected to sustainability: The
Efficiency-House-Plus in Berlin, the Fraunhofer-inHaus-Center in Duisburg and
the SAP Future Energy Center in Karlsruhe (see Geibler et al. 2014 for details).

Considering the status quo analysis we can conclude that many of the identified
Living Labs are rarely institutionalized facilities that were established in the con-
text of fixed-term projects. In most cases strategic networking with other Living
Labs on the national or international level does not exist. However these Labs are
linked to a network of project or cooperation partners in the region. Figure 11.1
reveals some potential for regional clusters, which are distributed particularly
in the areas of Berlin, Kaiserslautern, in the Ruhr area, Karlsruhe/Stuttgart and
Munich, where institutionalized Living Labs with at least an implicit connec-
tion to sustainability already exist. The innovation infrastructure “SusLab NWE”
(Sustainable Labs North West Europe), which includes actors from North-Rhine-
Westphalia (SUSLAB 2015) is an example for a sustainability focused research
consortia with an international orientation.

While most Living Labs aim at demonstration, evaluation and validation of
innovative technological solutions explorative approaches like open and unbiased
observation or participative co-creation are hardly observable. For the most part
economic or business issues are of primary importance, e.g., the development and
diffusion of technological innovations, but sometimes also social aspects (Stabe
and Schnalzer 2012).

11.3.2 Results of Step 2: What Areas of Application Promise
the Greatest Sustainability Potentials?

Table 11.1, which is based on an earlier description by Geibler et al. (2014), lists
the identified product groups, technologies and services with high resource effi-
ciency potential and high potential for development in Living Labs. The results of
the systematic assessment (see Table 11.4 in the Annex for the evaluation criteria
and scoring scales used) are grouped into the three particularly relevant areas of
application ((1) Living and working; (2) Town, region and mobility; (3) Retail and
gastronomy), as well as the two research perspectives “user behavior” and “prod-
uct innovation” (Rohn and Leismann 2012).
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Table 11.1 Overview of relevant fields of application identified for living labs for sustainable

development

Field of application

Research perspective

Product/Service innovations

User behavior

Life and work

Building and infrastructure,
e.g., security, heating and
energy supply, insulation,
e-energy/energy assistance
Food, e.g., chilling, storage,
preparation, assistants

Health and hygiene,

e.g., medical care, fitness,
medical technology
Furnishings of living and
working spaces, e.g., design of
electric and electronic equip-
ment, furniture, textiles
Information management,
e.g., communication in the
home/out of home, ICT prod-
ucts and their use
Substitution of physical
mobility by “ICT mobility”,
connection to logistics systems,
Smart Grids

Behavior at home and work-
place, e.g., health and exercise,
energy consumption Nutrition,
e.g., food wastage, shopping,
health

Phase of life appropriate
design of home/workplace,
e.g., autonomous life at old age,
user acceptance of innovations
Integrated design, e.g., in the
area of fields of demand or
service design

Furnishings of living and
working spaces, e.g., new
workplace concepts, ways

of utilization, cascading systems,
ICT

Service and time

management, e.g., being mobile,
eating healthy, exercise

Town, region and
mobility

Out of home catering, e.g.,
delivery services, drive-in
restaurants, etc.

Mobility, e.g., efficient mobil-
ity options (logistics), freight,
public transport linkages,
design of mobility options
Regional networks/“location
promotion”, e.g., health sup-
port systems, urban planning,
communication systems,
regional energy supply, tour-
ism, sharing and renting options

Mobility, e.g., use and user
acceptance of resource efficient
mobility options
Communities/networks,

e.g., urban agriculture, barter
systems, neighborhood networks,
service concepts and suburb
development

Leisure/holiday behavior,
e.g., regional tourism

ICT services, e.g., integrated
ICT, mobility and logistics
management

Retail and gastronomy

Furnishings, e.g., electric and
electronic equipment, lighting,
media, online shopping, design
Mobility, e.g., efficient mobil-
ity options

Nutrition, e.g., food labelling

and declaration

Support at old age, e.g., intel-
ligent appliances

Intelligent appliances,

e.g., digital product memory
Choice of products, e.g.,
influence of advertisement and
information campaigns

Source Geibler et al. 2014, pp. 584-585
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11.3.3 Results of Step 3: Drivers and Barriers
Jor a Sustainability Living Lab Approach

Based on expert workshops and interviews, the following expertise-related factors
can be assessed as particularly beneficial for the development of a Sustainability
Living Lab infrastructure:

e Systematic utilization of sustainability indicators such as MIPS, Material
Footprint, Carbon Footprint, GRI indicators (Lettenmeier et al. 2009; Bringezu
et al. 2009; Spangenberg et al. 1999; Lin et al. 2014; Saurat and Ritthoff 2013;
Wiesen et al. 2013) and assessments, which consider long-time horizons and
high case numbers; and

e A sensitivity to cultural barriers that could be in the way of considered socio-
technical approaches towards more sustainable patterns of production and
consumption.

The following expertise-related factors have been stated by interviewed experts
to be particularly detrimental to the development of a Sustainability Living Lab
infrastructure:

e Time-constrained and reductionist research designs; and
e A lack of competency for inter- and transdisciplinary communication among
researchers and between researchers and users.

Regarding the role of power-related factors, experts emphasized that it is neces-
sary to ensure long-term public financing due to the high share of basic research to
be conducted.

Experts estimate that sufficient freedom for the designers and prototype devel-
opers is required to enjoy creativity and the willingness to take risks, which is con-
ducive for process aspects.

Based on the expert interviews and workshop discussions, barriers are seen in
“the high burden of time and effort that need to be invested in ensuring optimal
assistance for and interaction with the users (...), risk averse funding principles of
public funding bodies that are not ideally tailored to the needs of innovative and
sustainability-oriented activities and a lack of the flexibility that is needed in order
to support or participate in dynamic innovation processes that include a wide array
of different actors” (Geibler et al. 2014, p. 586).

Regarding relational aspects, the workshop focused on user motivation and the
importance to test and support the users ability for reflection on their behavior.
It is important, that the social relations to users are moved at the center-stage of
Living Labs for Sustainable Development.
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11.3.4 Results of Step 4: SWOT for the Implementation
of the Living Labs for Sustainable Development

Approach

Based on the previous results, the Strengths and Weaknesses, Opportunities and
Threats (SWOT) for Living Labs for Sustainable Development in Germany are
derived. The results are summarized in Table 11.2.

The results of the SWOT analysis show that, like many other innovation pro-
jects, research in Living Labs is not entirely free of certain risks. Based on the
results of the SWOT analysis, a number of options and strategies for action which
are outlined in the next section, can be developed.

Table 11.2 Strengths and weaknesses, opportunities and threats (SWOT) of the German
research and innovation system for the development of living labs for sustainable development

Strengths

Weaknesses

* Acceptance of sustainability: Sustainability
is a broadly accepted goal, which can be
referred to

* Existing Living Labs are complementary
to the technology-focused research land-
scape: Living Labs enable the integration of
non-technical aspects in technical innovation
processes

* Existing regional clusters: A “place” is
important to connect actors

* Lack of capacity: Systems design and
mediation capacities should be developed,
e.g., to bridge between “soft” approaches
like user-integration and “hard” technology-
centered approaches

* Opinion of limited commercially usable
outcomes: Results of experimental research
do not necessarily yield commercially viable
products in the short-term. The commercial
usability of sustainability solutions could
be enhanced by including businesses in the
development process

Opportunities

Threats

* Realization of efficiency potentials under
consideration of rebound effects on the
micro-scale: A user-centric development
process can increase user acceptance and be
crucial for product success

* Potential to connect different strands of
research: Research at the interfaces between
sustainability, innovation and user-integra-
tion already exist but are largely unconnected

« Existing international networks of Living
Lab research should be integrated

* Capacity development at universi-
ties: Universities offer infrastructures for
mediators between user needs, sustainability
aspects and technological perspectives

* Short-term thinking in business strategies:
The research design of Living Lab projects
could insufficiently consider implementation
perspectives

Data security issues: The sensitivity of data
on consumption and behavioral patterns
cannot be integrated sufficiently in Living
Labs if not considered e.g., by implementing
accompanying ELSA-assessments
Compatibility of assessed micro-data: Data
sets from Living Labs might be incompat-
ible with macro-data on the societal system,
if data interfaces and assessment conven-
tions are not defined (The compatibility

with macro data is helpful when comparing
potential environmental or social improve-
ment of a specific case with reference values
at the macro-level. If data sets are incompat-
ible, comparisons are less meaningful.)

Source Geibler et al. 2014, p. 588
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11.3.5 Discussion of Strategies and Options for Action
(Results of Step 5)

The Living Lab project results as well as the discussions within the project con-
sortium, including the participants of the expert workshops, exposed a number
of strategies and options for action to integrate the approach into the German
research and innovation system. The project consortium unanimously derived the
following specific goals for the further development of a German research and
innovation system based on Living Labs for Sustainable Development (for more
detailed description see Geibler et al. 2014):

e The further development of a research infrastructure for user integrated devel-
opment of sustainable products and services. The goal is the creation of sus-
tainable innovations, which have been tested for systemic effects, in German,
European and international cooperative research networks.

e Improved access to such a research and innovation system, especially for
research institutes and companies who cannot maintain such an infrastructure
themselves (e.g., small and medium sized enterprises).

e To enhance and speed up research and development of resource efficient, com-
petitive and socially acceptable products and services that can contribute signifi-
cantly to a system-wide reduction of resource consumption in the household or
other fields of application, such as the point of sale.

e Improved networking amongst European researchers and execution of joint
research projects.

Based on the results, the authors suggest strategies and tangible options to inte-
grate Living Labs for Sustainable Development into the German research and
innovation system (see Table 11.3). There are two basic strategies: a structure for-
mation within the research and innovation system including networking and pro-
file formation and a funding program “Living Labs for Sustainable Development”.
While the first strategy aims at networking and profile formation to support the
innovative capacity, participation and design competencies, especially of SMEs,
the second one develops sustainability potentials in specific fields of application,
e.g. by funding of lighthouse projects.

One suggested measure has been already taken up: The German Ministry of
Education and Research is funding a demonstration project in Germany, see Box 11.1.
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Table 11.3 Strategies and options to integrate living labs for sustainable development into the

German research and innovation system

(Source Geibler et al. 2014, pp. 591-592)

Strategies

‘ Options

1. Structure formation within the research and innovation system

Networking and profile formation of
the so far poorly contoured Living
Lab landscape

* Financial support of regional clusters with themati-
cally complementary profiles. The funding should
include lighthouse projects and projects conducted
within clusters, as well as poorly institutionalized
facilities for experimental research that do not use the
term “Living Lab”

* Networking and synopsis of results and experience
gained in Living Labs, e.g., through conferences or
workshop series

* Creating links between German Living Labs and inter-
national partners, e.g., in EU research and innovation
programs such as “Horizon 2020”

Promoting the innovative capacity
of SMEs

* Targeted inclusion of SMEs and trades in Living Lab
research and value chain-wide joint projects

* Improve access to Living Lab innovation systems for
SMEs

Strengthening participative processes

* Promoting participation in innovation processes
through Living Labs, e.g., in sustainable urban
development

Establish design competency

* Develop systems design competency through adapted
education concepts for actors from science, business,
local authorities and households, e.g., under consid-
eration of milieu structures, socio-cultural approaches,
social motions research and communication research

2. Program “living labs for sustainable

development”

Lighthouse projects

— Use potentials

— Initiate innovations

— Demonstrate examples

* Foresight process for the strategic alignment of
national and regional innovation initiatives based on
network analyses of existing Living Lab clusters;
analyses of actor relationships and thematic foci;
analyses of potentials for individual fields of action
under consideration of regional competition-relevant
strategies

Invitation for tenders for integrative, inter-departmen-
tal lighthouse projects by the German research minis-
try or other ministries in a competition for Living Labs
to promote creativity, innovation, reflection and multi-
disciplinarity Addressing specific fields of action, e.g.,
“user integration in life sciences and bio-economy”,
“IT security in home automation”, “sustainability in
lead markets” (key technologies, new materials), etc.
Funding of demonstration projects to lift the profile of
the Living Lab approach with its potential to integrate
non-technical aspects into the development of tech-
nologies and business models

(continued)
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Strategies

Options

Basics of transition and innovation

research

— Transdisciplinary innovation
research

— Interdisciplinary action research

* Consolidation of empirical transition research regard-
ing new approaches to innovation, e.g., at the interface
between experimental approaches of action research
and technology development

* Further development of conceptional and methodo-
logical foundations regarding the application of Living
Labs in ELSA analyses and for environmental and
sustainability assessments, e.g., in product tests or
business model development

* Development of principles for sustainability oriented
design research under consideration of interdisciplinary,
self-reflective Living Lab approaches in the design process

* Development of theories and concepts for inter- and
transdisciplinary education/didactics

Accompanying communication
— Raise the profile

— Create awareness

— Enable exchange

» Communication campaign for businesses, politics,
households and research, e.g., at subject-specific
events, which are so far conducted without considera-
tion of sustainability aspects

* Preparation of information materials and communica-
tion formats for stronger involvement of SMEs, the
trades, business associations, consumer-, environmen-
tal-, and sustainability initiatives

* Specify the concept of “Living Labs for Sustainable
Development” and introduction of the concept as a brand

* Launching of a competition for lighthouse projects for
“Living Labs for Sustainable Development”

Box 11.1 Demonstration project in Germany

Demonstration Project INNOLAB: The Potential of LivingLabs in the

Green Economy

The project INNOLAB assesses and demonstrates the potential of
LivingLabs in the Green Economy. Based on close interaction with three
German Living Labs, the project pursues the following objectives:

e Developing the methods for user integration and sustainability inno-
vation in real-world laboratories, e.g. concerning rebound effects and

obsolescence

e Demonstrating the potential of Living Labs through the study of sustain-
ability innovations in the field of assistance systems and their diffusion in

CLINY3

the key areas of sustainable consumption “living”, “retail”, “mobility”’
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e Strengthening of the Living Lab concept in the research and innovation
system of a Green Economy through integrated roadmapping
e Developing the national and international network and transfer

The project is funded by the German Ministry of Education and Research
under the framework programme “Research for Sustainable Development”
(FONA) and within the funding programme "Sustainable Economy”. More
information can be found at the project's website: http://www.innolab-living-
labs.de.

11.4 Summary and Conclusions

The status quo analysis of the German R&D landscape identified the potential of
a future Living Lab research infrastructure for Sustainable Development, in which
the identified facilities could be integrated. Although a landscape of several Living
Labs already exists, sustainability is not a key consideration in the innovation pro-
cesses yet. Especially resource efficiency solutions are hardly addressed. The same
applies to explorative research approaches like open observation or participative
co-creation. Furthermore, an established network between the labs and the innova-
tion and sustainability arena is needed to achieve viable outcomes for sustainable
development.

One of the main goals of the SusLabNWE project was to create such a unique
new infrastructure where insights, co-development and validation of sustain-
able products, services, legislation and combinations of these take place directly
with users in the complexity of their living environment and daily practices. At
four locations in Europe (Rotterdam (NL), Ruhr region (DE), London (UK) and
Gothenburg (SE) regional Sustainability Living Lab infrastructures were set up
(Baedeker et al. 2014). These locations form an important part of the infrastructure
to be developed further.

Some key conditions for a successful Sustainability Living Lab infrastructure
can be defined as follows: “long time horizons for research projects, enabling
open-ended innovation processes, reflexive learning and strong transdisciplinary,
systematic sustainability assessments that are integrated into the innovation pro-
cess, and the consideration of socio-cultural factors in user behavior and accept-
ance” (Geibler et al. 2014, p. 593). It became apparent, that Living Labs offer the
opportunity to integrate sustainability research, design, innovation and technology
studies, social sciences and cultural studies.

Although the German Living Lab landscape is still a heterogeneous field with
soft contours and the research body is still limited, some tentative recommenda-
tions can be provided. For the first step it is suggested to improve structure forma-
tion in the German research and innovation system, aim at networking and profile
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formation, support SMEs to get access to the Living Labs, and foster transdiscipli-
nary and participative processes. Then, in a second step, based on the exploration
of markets and specific services of Living Labs for Sustainable Development in
different fields of application, Living Labs for sustainability can be promoted in
specific funding programs.

In Germany some steps towards fostering such a research infrastructure could
be made in the course of SusLabNRW in the Ruhr area and will be followed in
the future. This infrastructure is now being used in related projects of the pro-
ject partners and extended to other fields of sustainability, making use of some
of the conclusions drawn from the analysis presented here: using the developed
infrastructures (e.g. for indoor-climate data logging and analysis at Hochschule
Ruhr West in Bottrop), using the fostered methodological three-steps toolbox for
development of sustainable product-service-innovations, seeking opportunities for
further funding and development (cf. textbox demonstration project INNOLAB
above) and aiming to establish a permanent consulting offering as a product-ser-
vice-system based on project results. Those Living Labs, which are established in
different fields of application, could serve as anchor points for the further develop-
ment for the German research and innovation system.

Other promising steps are developed in the ongoing INNOLAB project: Beside
an update of the living lab mapping by Geibler et al. (2014) an integrated roadmap
will be set up with the aim to further strengthen the Living Lab concept in the
research and innovation system of a Green Economy and to develop the national
and international network.
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Table 11.4 Evaluation criteria and scoring scales for the selection of product/technologies/ser-
vices with high resource efficiency potential (Source Geibler et al. 2014, supplementary material)

No. Criteria to evaluate product group Scoring scale
1 Observation environment 1 = Living space; 4 = Shop
2 = Working space |5 = Region
3 = Hotel/ 6 = other
Restaurant
2 Key parameter of observation 1 = Energy 4 = Money
2 = Water 5 = Time
3 = Waste 6 = other
3 Possible to investigate in Living Labs? 1 =yes 0 =no
Environmental sustainability aspects
4 Resource inputs/quantity, e.g., 0 = none 3 = high
— Product/infrastructure requiring high resource | | — jow 4 = very
inputs high
— Mass application -
- Rebourfg) effects 2 = medium
5 Resource efficiency potential, regarding e.g., 0 = none 3 =high
— Abiotic resources, biotic resources 1 = low 4 = very
— Water, Energy high
— Other resources 7 — medium
Economic sustainability aspects
6 Feasibility, e.g., 0 = none 3 = high
— Technical feasibility 1 =low 4 = very
— Technical know-how available in Germany high
— Economic viability 7 — medium
— Market and societal acceptance
7 Economic importance, e.g., 0 = none 3 =high
— Market potential 1 = low 4 = very
— Level of innovation high
— Relevance for export :
— International imp%nance 2 = medium
— Dependence on finite natural resources
Social sustainability aspects
8 Improving or maintaining health and quality of 0 = none 3 =high
life, e.g., 1 =low 4 = very
— Maintaining societal status high
— Active participation in society 7 — medium
9 Social relevance, e.g., 0 = none 3 =high
— Job security and social security 1 = low 4 = very
— Improving and maintaining equal opportunities high
— Participation opportunities 7 — medium

— Adherence to social standards along the value
chain (e.g., ILO standards)




J. von Geibler et al.

146

(panunuoo)

op SurAT[palsIssE mma//:dny grdoad 3ur3e 10J sW)SAS 20URISISSY UIQINE[SIASTEY UT SUTATT PIJSISSY 11
USWIAIY “YIUYOI)SUOTIRULIOJUT
ap1zymmm//:dny SUIAIT-PAISISS Y -IUIqUIY (BATR YOIBSOY pun YNeWwIoju] “NUaZ-I30[0uyd], 01
a3e pJo Je 9J1] Juopuad QunIspIey]
opr1zyree/:dyy | -opur ue 10§ $3dodU0D 9OIAIDS PUE SAISO[OUYIA], ‘SUIATT poISISSY Jualquuiy qe| SUIAI] [Z4 6
Jyny/rnem TV V—(dLd) Suniopuryog
[uny ¢3unugom/ap-ase-qij//:dny ordoad 3ure 10J SwW)SAS 20URISISSY pun 9130[0UYIA], IMNSUISTUNYISIO] S
a8eq urepnydyd
"XOpUl/UQ/op udwaIq-Tun-yneuntojur-feeq,/:dyy ojdoad pajqesip AfeorsAyd 1o pio 10y SUIAl] 1o)og | uawaIg ‘qe] SUIAIT PIISISSY JUAIqUIY UG L
ordoad
Suide j10ddns 0y ASojouryo9) uonjEWIOINE ASNOY
Q)[eYUIop;, [WIY QWL /op - Twe mMm//:dny J[qesn A[Isea pue [qISIAUL ‘Q[)qns ‘Q[qeIINg WIOINEB[SIASIEY] ‘SUIAIT PAISISSY 9
a3ueyd
op wnre mmm//:dny sryderSowap 10§ SUOHN]OS [BOTUYDI}-0100S UOTUNA ‘$0130qOY UOHBAOUU] JUAIQUY S
[uny-qer-ree/syoaford " powr a3e p[o Je 9J1] pajoou WIQINB[SIASIEY] JUOWIUOIIAUF
/aryeloxd/ap/ep iojoyuneryasarmmam//:dny -uod pue pausdIsap 19319q 10§ s1deouod A3o[ouyoa], SUIATT PAISISSY WWRAIqUIY ‘FSHT Iojoyunery v
a3e pro
pue swo[qoid [B100S ‘SSU[[I ‘SANI[IqESIP O} anp
J0uB)SISSE JO paau Ym 3[doad 10j Awouoine UQYOTUIS[D)
310" 3urAT[-pajsISSe-juaIquIe mmam//:dny pue wopaalj feuosiad 10J SpIe [BOIUYI], |‘3I090) 1S YTOM[RIZOS ‘TUIAITT PISISSY JURIqQUIY 9
xdse-oJ1|
-Josiojowrerediojaoue)sissejuarquieiyalord /uaras 9rdoad A1opye 10§ 3imnqgaun|
/JRLIQYO)S/[BR/NIUYD)/Ap/WOd IpA-MMM//:dNY | a1] Juapuadapur ue SuIqeus SWaIsAs QOULISISSY ‘GATT JO SIojeweIe 10 0UR)SISSY JUAIqUIY 4
Ipd'62%199887%
0T%A80[0uy22)(7 % SUIP[INGOT % PUBOT I UON
-ONI)SUOI()Z % PAOUBAPE/SIUSWINIOP/AJILI yorunjy ‘Asojouyoay,
-Y0d1s-[eR/[BR-JqUIq/Wod apAIouIed/:diny | oSueyo orydeiSowop ay) 10J SUISISAS 0URISISSY SuIp[ing pue uonoNISUO)) PIOUBAPY 1

3u1a1] paisissv JunquIy

oSedowoy 7

Py yoIeasoy

qu[ SuTAT]

‘ON

(rerorew Areyuawerddns 4107 Te 10 W[QIOD) 224108) (7107 THdY snipig) sarnunod SuLnoqysiou pue AUBWIdn Ul sqe] SUIAIT paynuapl Jo IsIT ST d[qe],


http://partner.vde.com/bmbf-aal/aal-steckbriefe/documents/advanced%2520construction%2520and%2520building%2520technology%2520%2528acbt%2529.pdf
http://partner.vde.com/bmbf-aal/aal-steckbriefe/documents/advanced%2520construction%2520and%2520building%2520technology%2520%2528acbt%2529.pdf
http://partner.vde.com/bmbf-aal/aal-steckbriefe/documents/advanced%2520construction%2520and%2520building%2520technology%2520%2528acbt%2529.pdf
http://partner.vde.com/bmbf-aal/aal-steckbriefe/documents/advanced%2520construction%2520and%2520building%2520technology%2520%2528acbt%2529.pdf
http://www.vde.com/de/technik/aal/steckbriefe/seiten/projektambientassistanceforparametersoflife.aspx
http://www.vde.com/de/technik/aal/steckbriefe/seiten/projektambientassistanceforparametersoflife.aspx
http://www.vde.com/de/technik/aal/steckbriefe/seiten/projektambientassistanceforparametersoflife.aspx
http://www.ambient-assisted-living.org
http://www.iese.fraunhofer.de/de/projekte/med_projects/aal-lab.html
http://www.iese.fraunhofer.de/de/projekte/med_projects/aal-lab.html
http://www.airtum.de
http://www.ami-kl.de/frame.html%3fde_inhalte
http://baall.informatik.uni-bremen.de/en/index.php/Main_Page
http://baall.informatik.uni-bremen.de/en/index.php/Main_Page
http://ftb-esv.de/wohnung3.html
http://aal.fzi.de
http://www.tzi.de
http://www.assistedliving.de

147

Exploring the German Living Lab Research Infrastructure ...

11

(panunuoo)

sooeds Furyiom

/9L /1re1ap/aryalord pue SulAl] [euosiad se [[om Se ‘s10J03s WOy
/op/#/op 1ouddemioesuuewie'mma//:dny | pue 1ed ‘9010 oy} Ul 39 ‘SJUSWUOIIAUD JIBWS UQUOUNTA] }eMUTo0) 19p SneH $T
aputoqrepedaworews mmm//:dny SurAI] JuaSI[[o)ul ‘pAOAUUOD) A9 UI0QIopE] QWOHMRWS €T
udyOUNIA
op uayoUSNW-MqIUN-oWoyIews,//:dny sproyasnoy ur £ouaroyje AS1oug Iyomsopung JBIISIOATU[) JOp QWOHMEWS T
[uny
"X9pul/SNY0}/op/ap 1ojoyuney snyoy mmm//:dny s3umes snotrea ur suonesridde are) Ul ‘SJUSWUOIIAUF JBWS 1T
qerowoy-sdifiydpnejep/wod snpioumma//:dny S9130[0UYd9} JUATI[[IU] (spuefroyioN) uaroypurg qe awoy sdijyq 0T
0z=p1 dyd-xapur/yo-qerowoyr//:dny SuIAl] 19)rRWS (PUB[IOZZIMG) UIOZNT Qe [OWOHT 61
qe[-2IBd-2IMmng
/qe3urar/nasqej3uraruadommam//:dny QIBd YIROH uoyory HILMY ‘qeT 218D amng ST
ssuIp[mg
opIojoyunesy sneyulmmm//:dny puB SWo0I J0J uonn[os mau jo juawdofaadg 3IngsIn( ‘WnNuZ-sneHuI-IJoyunel,y L1
QIMONISBIJUT YIOMIOU PUB AILINDJS urpeg
ap-Ioqe[-Tepmmm//:dny ‘Sunndwod pnoyo ‘Jurar] ‘yreay—sordo) G| ‘qe SUTATT 0USSI[[AIU] [BIOYTIY PANQLISI(] 91
310" SUIAI[-pajoouUUOd MMmm//:dny SUIAI]  P21OUUOD,, J0J WOOIMOYS ulIeg ‘SUIAIT PRJoduUu0)) SI
s3urping osodind
opYeqrommamy//:dny IOUJ0 pUE [eIIUAPISAT 10§ s3onpoid JuaSTruy JoyzaSiquury SagID !
S21IA1ID PAIV]aL-SUIPJING A0 PUD IULOY LIDULS
A19p[0
op-urpIeq-3is-mmm//:dny ) J0J A30[0UYD) JO SSAUI[PUILI-IASN 1o urppeg N, ‘dnoin yoreasoy Io1uas NS 69
spaou
s A[1op[e 03 paydepe ‘(suonouny Jo Jurxiw “a°1)
QUIOY/UQ/W0d MoLIoW0)FuTAT]//:dNy $3doou0o SurAl] mou 103 9oeds [eyuowLIadxy (wni3[eg) 9pPIOOAJIA ‘MOIIOWO], SUTAI] Al
Je e mmm//:dny 9rdoad 3ure 10J SW)SAS 2OURISISSY (eISNY) 1RYOIMYDS qBTSUIAI] 1!
a3edowoy PIRY oIeasay qe[ SuIAr] ‘ON

(ponunuod) §°[T AqeL


http://www.ceit.at
http://livingtomorrow.com/en/home
http://www.srg-berlin.de
http://www.cibek.de
http://www.connected-living.org
http://www.dai-labor.de
http://www.inhaus.fraunhofer.de
http://www.openlivinglabs.eu/livinglab/future-care-lab
http://www.openlivinglabs.eu/livinglab/future-care-lab
http://ihomelab.ch/index.php?id=20
http://www.noldus.com/default/philips-homelab
http://www.fokus.fraunhofer.de/de/fokus/index.html
http://www.fokus.fraunhofer.de/de/fokus/index.html
http://smarthome.unibw-muenchen.de
http://www.smarthomepaderborn.de
http://www.allmannsattlerwappner.de/#/de/projekte/detail/76/
http://www.allmannsattlerwappner.de/#/de/projekte/detail/76/

J. von Geibler et al.

148

(panunuoo)

uo=S3ue[pI[NeJOp=1 (U WJo
"Xopul/oq wey-urmmam//:dny

SUTAI] JUAST[AIUT ‘PAJOAUUO))

(wnISag) sID ‘MzA WY H-UL Se

/sqerxerd
SIBWIOJUISIJRYISIIIM /AP USSIS-TUN TMIM MMM
//:dny/qer-usrsap-pue-oouarrod Xo-LIpaw-[eIO0S
-[pows/qe[3urAl]/no sqe[Surariuado mma//:dny

SUIAI] pojoduuo))

uagarg
‘qeT uSIso pue 2ouaLIadXF BIPIJA [B100S $€

wod 0ooype-mmm//:dny

SUIAI] JUSI[AIUT ‘PIJOAUUOD)

(pueLIZZIMS)
INYLRUIAN ‘[onuo)) awoH aandepy €¢

$21714119D PaID]24-SUIPJING 42YJO PUD IULOY JLADULS

uny QWOH-MewS/QWoH
-)IBWIS/JTBWS | ZAISIOUQ/qom QD [Ms MM m//:dNy

SUTAT] JUAST[AIUT ‘PIJOAUUO))

S1zdroT ur swoy Jewg (43

Jpd’ 600 INOYIeSNABY/SPLOTUMO(J/UOTIEPAI/AP
TSNBYIOqOM/UTWPE[Y/oP SNeYIoqam mmm//:dny

SUIAI] JuaIdyJo-A3Ioug

XUI'T-NRUIAYY ‘SneH WoD-], 1€

WY A IU-USUYOM IOLIBUIS /Q[O1)IB/1YO
-ISUB[TRIOP/S MU/ TojoquNeIy S Mmm//:dny

InIng 9y} Jo , asnoy juagiaul,, ue jo ad£j0101g

UQSUINBH UI USUYOAN JOMBWS 0¢

op'sney-aeIpaw-sep mma//:diy

Ayiqow
‘Tout SUTAI] JUIOYJ-ATIOUS ‘WO0T MOYS

Sroquiny ‘sneH 9[BIPIA St 6T

apoxdsonewa[eymmm//:dny

Surp[nq [enuaprsal feyuowadxyg

urpIeg ur SUNUYoAL -SUONBIISUOWS(] 8T

dyd-oyimud
/emud/op-urfraq-ny rursneyrrayul//:dny

3urp[ing renuopIsal [ejuowradxyg

uIEog N 19p OSTOI SNeH souSaI | LT

op JuUNYNZ-Iop-uauyom-a-mmam//:dny

WOy PajoaUU0d
pue JUSI[[AIUT 9Y) J0J SAITAIIS PUE S}ONPOIJ

urpeg “f 1elo1g—ijunynyz I9p USUYOM -0 9t

0S89=1us;uny pzyd/qzHd/oP Sneymmmy/:dny

S3uIp[Ing [BIOIOWWIOD PUE [BNUAPISAI UT AJLINOJS
pue y10jwod/Arenb Surar] ‘Aoustogye A31oua
9SBAIOUT 0] SWIA)SAS JUSWIAINSLIW PUE -I0SUIS
JIBWS PAJOAUUOD JO oIedsal pue Juawdo[aadq

(pue10zzIMG) S10qUAUNY ‘SNEH SFIoInn,g ST

o3edowoy

PIOY YoIeasay

qup SulAIT| "ON

(ponunuod) §°[T AqeL


http://www.haus.de/PH2D/ph2d.htm?snr=6850
http://www.e-wohnen-der-zukunft.de
http://intellihaus.mi.fu-berlin.de/pmwiki/pmwiki.php
http://intellihaus.mi.fu-berlin.de/pmwiki/pmwiki.php
http://www.telematicspro.de
http://www.das-mediale-haus.de
http://www.ims.fraunhofer.de/news/detailansicht/article/smarterwohnen-nrw.html
http://www.ims.fraunhofer.de/news/detailansicht/article/smarterwohnen-nrw.html
http://www.weberhaus.de/fileadmin/weberhaus_de/redaktion/Downloads/haeuserheute_0205.pdf
http://www.weberhaus.de/fileadmin/weberhaus_de/redaktion/Downloads/haeuserheute_0205.pdf
http://www.swl.de/web/energie21smart/Smart-Home/Smart-Home.htm
http://www.swl.de/web/energie21smart/Smart-Home/Smart-Home.htm
http://www.adhoco.com
http://www.openlivinglabs.eu/livinglab/smedl-social-media-experience-and-design-lab
http://www.openlivinglabs.eu/livinglab/smedl-social-media-experience-and-design-lab
http://www.wiwi.uni-siegen.de/wirtschaftsinformatik/praxlabs/
http://www.wiwi.uni-siegen.de/wirtschaftsinformatik/praxlabs/
http://www.wiwi.uni-siegen.de/wirtschaftsinformatik/praxlabs/
http://www.in-ham.be/index.cfm?n01=default&lang=en
http://www.in-ham.be/index.cfm?n01=default&lang=en

149

Exploring the German Living Lab Research Infrastructure ...

11

(panunuoo)
LI 2AneAOUUT AQ partod
-dns oq ued uoneZIIN pue ‘@3eI0}IS ‘UOTINQLISIP
xdo"19)u90-A319U9-2ININJ/SqR[-SUTAI] ‘UoNeIAUASZ ATIQUD Q[qRUIRISNS JO 1NNy A}
JuoneAouul/ue-ajerodioo/woo des [[eqor3/:dny | moy sejensuowap jey) wiiojjerd 9ATBIOqR[[00 Y (synispIey) Iua)) 310Uy aming Jv's IL
SALI0SA)BD [[E JO $193 J[OIYdA
9P MAISI[IqOWONR[ MMmM//:dNy 0JUI SOOIYAA JIUOIIA[A 9JLISAIUL 0] SAOIAIOG JeSHmg Apiqow-9 154
MING Aq uny "speardiur
WO MOU-IALIP MMM//:dNY Suor-nurw ut (TUIjA) sIed Jualr o) uondQ UOIUNJA ‘“MONALI(] ot
Io[wre(] Aq uny "S[eAIuI
op/wn/wod 03zIed mmam//:dny Suo-eynurwr ur (Jrews) sied juar oy uondQ wyn ‘o3gIe) 6¢€
(ernsny) usipy
jeroe e mmm//dny SUONN[OS AINJONISEIJUL dAT)BAOUL] | ‘HqUID) AS0[OUyda], JO 9Imnsu] uensny [V 8¢
uaxonIqIees ‘(TID
Ip IeIaI-aAIBAOUUT MMM //:dNY juswuoaiaua Surddoys juasStioiug K101eI0qR T [1RI9Y dATIRAOUU] ‘[€ 19 IAA LE
2UNIONLISDLIUJ
10009-66T=ATUIB0T29¢LITeY60
B[ E0J89I9LJ696T6ITRTTLI=wns 298907 =1 dse
"u0s19go1do] moys/urSor/woo31qoy mmm//:dny SUIAI[ JUSSI[AIUT ‘PIJOAUUOD J0J WOOIMOYS Sneyy ‘Sneq SQuaSI[[AuI JIqo], L9
Awouos3 pue ‘Ayiqow pue Aqiqrxay ‘sdoof
Q0INOSAT ‘SW)SAS JUIAI] JUIWUOIIAUR [BIDOS
oprowioy[esIoATun MMM //:dNY Jo seare oy} ut sjuawdo[oAdp paje[aI-oWoH UQSSH “OQWIOH [BSIOATU() 99
younz-y1o suorsuawiIp
/s1oulred/S107100foxdqeSutArmmm//:dny [Ie ur A)I[Iqeure)sns pue UONONISUOD) (PUR[IOZZIMS) YOLINZ H.ILH qeISUIAIT LS
[uny-opou”snd-sneyzuarzyjo
/SN[ISNBYZUSIZYJH/H /P SqAlq mmm//:dny AK)1[1qOW-01I[0 YIIM SN[J-SNOH-AOUIOYJT urpIog ‘snjd-sney-zualzyjjooI3Ioug ¢
apyrewuormmm//:dny Jpd-qey uonestwndo Ajunoas pue 3uraes A310ud yorsiomon ‘(promiaN Juneredo
/L0S00T/10N9[SMAU/Op aIeMIJos-uImmm//:dny I0JWO9 10} UOIRWOINE dSNOY PAjeISajuf [2007T) . .NO'T W uauyopy,, 1jafoxdiofig 9¢
a3edowoy PIRY YoIeasay qe[ SuIAr] ‘ON

(ponunuod) §'[T AqeL


http://www.mh-software.de/newsletter/200507/tab.pdf
http://www.mh-software.de/newsletter/200507/tab.pdf
http://www.lonmark.de
http://www.bmvbs.de/DE/EffizienzhausPlus/effizienzhaus-plus_node.html
http://www.bmvbs.de/DE/EffizienzhausPlus/effizienzhaus-plus_node.html
http://www.livinglabproject.org/partners/eth-zurich
http://www.livinglabproject.org/partners/eth-zurich
http://www.universalhome.de
http://www.tobit.com/login/showTopicPerson.asp%3fID%3d2068%26sum%3df722a2f92969f7ec68f031a0c94a2c73%26LoginID%3d199-60001
http://www.tobit.com/login/showTopicPerson.asp%3fID%3d2068%26sum%3df722a2f92969f7ec68f031a0c94a2c73%26LoginID%3d199-60001
http://www.tobit.com/login/showTopicPerson.asp%3fID%3d2068%26sum%3df722a2f92969f7ec68f031a0c94a2c73%26LoginID%3d199-60001
http://www.innovative-retail.de
http://www.ait.ac.at
http://www.car2go.com/ulm/de
http://www.drive-now.com
http://www.elektromobilisiert.de
http://global1.sap.com/corporate-en/innovation/living-labs/future-energy-center.epx
http://global1.sap.com/corporate-en/innovation/living-labs/future-energy-center.epx

J. von Geibler et al.

150

(panunuoo)

ap-qe-uoneradood mmm//:dny
‘opIejoyuneI Iy Mma//:dny

19jsuen} A30[0uUyd], + uonesIensiA-q¢
pue uoneWIS-¢ ‘SuLauIduyg
[emIA “KI[eay [BNLITA I0MION

unsngny Pues ‘qe| uonerndoo) TeHIA 0S

AP YoBq[[RJ-OpA MMM //:dNy

suonnjos D[
uIepow jo uonejuawodw pue uondNPoNUY

yoeq[[oy] ‘19ud)) UOISUdWI(] [BNMIA YL, 6%

yogodrmmmy/:dny

aseyd osn pue Juswdo[oadp oy ur
poowr qeT Surar oy) Suik[dde £q syonpoid jo
Ay[Iqeure)sns JoaI1pur pue 30211p 9y} sunioddng

(pueozZIMG) Iy
‘DY JMNSUT-SIBIAINPOI] SOUISLIOZIdMYOS S

e 310q[IRIOA-QR[SUIAI MMM/ A1y

1D Ut swa)sAs
xo[dwod ‘o[qels wid)-3uo[ Jo uonINISU0))

(emsny) 310q[IeIOA B SUIAI] LY

op IojoyuNeIyIssTmmm//:dny

sydoouoo
pUB S2IN}0IYOIR ‘SpIepue)s Jo juawrdo[ora(

pununio( ‘LSST 1joyune] | 9%

oprejoyunery pSramm//:dny

$)doou0d UONESI[ENSIA PUE UOT)ORISIU]

jpeisuiIe( ‘O] Jojoyunery St

opIejoyunely snyoymmm//:dny

101 Jo suoneordde aming

urpIeg ‘smjo, Iojoyunery a4

(£80j0uy23] uODIIUNUIOL) PUD UOUDULIOLUT) [D]

opupd-mmam//:dny

A3o[ouyd9) [eorpaw JunsIssy

IOAOUUEH “YIJBUWIOJu]
QUOSIUIZIPAIA INJ IMNISU] ZIIAYOINY T J910d 9%

Sinqurey-qe[-3urAreapr-sowap,ofoid
/1/2POu/op pue[yISINOp-sowap mmm//:dny

K3o[ouyo)
[eruap pue A3ofouyo9) juejdur ‘sotueyosworg

Simquiey ‘qe SurAry Simquieq w

UIIPIN
[uny xapui/ep/1sj_dnoidur/apou
/1SJS1/9)1S/19U19)Ul/310°010)S-aInng mmm//:dny [1e)21 10J SUOIBAOUU] JSIOASIUQ, ‘210§ 1N 0NN SL
2UNIINAISDLJUT
76701=pI1ssaid;xdo asuodsar Kouadiowo pue (peiswre(q)

‘ssaxdepeueo/wod-des: 11eqor3//:dny

EO_HQDHO.HQ [IAID JOJ SUOTIN[OS PIJUILIO-ISN AeAL)

I91u9)) AInoag orqng Aang Jvs YL

o3edowoy

PIOY YoIeasay

qup SulAIT| "ON

(ponunuod) §°[T AqeL


http://global1.sap.com/canada/press.epx?pressid=10492
http://global1.sap.com/canada/press.epx?pressid=10492
http://www.future-store.org/internet/site/ts_fsi/node/mgroup_fsi/Lde/index.html
http://www.future-store.org/internet/site/ts_fsi/node/mgroup_fsi/Lde/index.html
http://www.demos-deutschland.de/node/41/project/demos-idea/living-lab-hamburg
http://www.demos-deutschland.de/node/41/project/demos-idea/living-lab-hamburg
http://www.plri.de
http://www.fokus.fraunhofer.de
http://www.igd.fraunhofer.de
http://www.isst.fraunhofer.de
http://www.livinglab-vorarlberg.at
http://www.ipch.ch
http://www.vdc-fellbach.de
http://www.fit.fraunhofer.de
http://www.cooperation-lab.de

151

Exploring the German Living Lab Research Infrastructure ...

11

(penunuod)
SQUIINOI JI0M DYJO Ul
[unys sqepsns/euaq/ep-onp-runmmm//:dny | pajuowejdwr pue poaredrad Ajfiqeureisns st MO udssSg-3IngsIN( JRISIOAIUN) SqRTISNS €9
apArojoeprews-mam//:dny JUSWIUOIIAUD A10)08] JuaSI[aIuf wIQINB[SIASIEY ‘10108, J1IeWS 79
019 esnms
opIejoyuney oero10//:dny uonesiuesio quawdinba y10s/001j0 Jo dImng ‘I10JUQ)) uoneAOUU] JYJO OV] Jojoyunel 19
SI0° W90 MMM /QR[-SUTAT[-SIOIOM -3 P I0m
-[mouy/qe[SurAty/na sqeSuratiuado-mmam//:dny | a8paymouy y1oddns 0y Juswdo[oasp pue YoIeIsAY UQUYOUNA ‘Qe SUIATT SISNIOA\ 2Tpa[mous| 6S
JUUUOLIAUD YIOM
s)Iqey Sune? JO UOTBAIISQO ‘SWISAS IOIAIDS (spueIoyoN)
/3 N)/[UINM ISWON0JopUBAJURINGISAI MMM //:dNY pue spoyjow uoneredard [eow ‘speaw MaN uaSuruaSepy aImn,g ay) Jo JUBINBISOY 89
(s
Qu'] SUIAI'] BLIOS ‘(SH) QT SUIAIT OIR[[Ipn)
nafeInI-0"MMMm//:dny (1) qeT SUIAI] nedseL] Wolj 1)snpd 10301 sqe SUIAI'T Yo D Ss
(ImynonIA)
€8=PIWAI29]6=PI329 MIIA™ J0P=>[SBIPUBWOIOP armynoude ur (suoneordde wodies + 101
“woo=uondoydyd-gxopur/no-feini-ommm//:dny "[our) $ass2001d/swa)sAs JuaSIoIuT (ATe11) neoser ‘qe| SUTAIT NEOSeL] $S
[oIedsal
dyd-e)susiuoo/ep-ououep-ymnsur//:diy POO, pue uonLny JIoj 9)mnsuy SUoue([ IeeH ‘qeISUIAIT QUOUR(] €S
2UNINILUS/POO]
[=8ue[2p90[=pr opnre;dyd Yo12asax (OdH) SSION
"XOPUI/OJUT' 003" MMmM//:dNY | 9poD) 1onpoid d1uonod[g pue ASojouyod) Iy | (ODAH) ua) 2oudjedwo)) D ueedoing 9L
SJUQUIUOIIAUD QJI[-[BI
ur sar3o[outo9) uoneIadood mau Jo uonepIeA
JoMJeW puUB uoreAOUUI JuaWdO[oAdp ‘YoIeasal
Op-SqQe[-SUIAI[/qQam/p TP mmm//:dNy | 91e)I[Ioe) 0) senianoe pue sutioje[d jo yiomiou wo)nesIasiey] ‘K10joe Jews r34a IS
a3edowoy PIRY oIeasay qe[ SuIArg] ‘ON

(ponunuod) §°[T AqeL


http://www.dfki.de/web/living-labs-de
http://www.eecc.info/index.php?article_id=106&clang=1
http://www.eecc.info/index.php?article_id=106&clang=1
http://institut-danone.de/content/start.php
http://www.c-rural.eu/index2.php?option=com_docman&task=doc_view&gid=98&Itemid=83
http://www.c-rural.eu/index2.php?option=com_docman&task=doc_view&gid=98&Itemid=83
http://www.c-rural.eu
http://www.restaurantvandetoekomst.wur.nl/UK/
http://www.openlivinglabs.eu/livinglab/knowledge-workers-living-lab/www.cetim.org
http://www.openlivinglabs.eu/livinglab/knowledge-workers-living-lab/www.cetim.org
http://oic.iao.fraunhofer.de
http://www.smartfactory.de
http://www.uni-due.de/bena/sustlabs.shtml

J. von Geibler et al.

152

(6:1eV)
SUQ[OH 1S ‘(WNIS[og) USANIT ‘(SPUBLIAYION)
USAOYPUTH ‘UIANB[SIISIEY ‘S10aNS

/SST[qIN0QE/NQ°qe[IeaNS-SSI[q mmm//:dny Sunys31y 10oms o[qeuIR)SNS Q[qeureisng ur uny3ry 1eneg -SSI1d S9
JYOISIagaN” AJ1o9[Iqowr AJIO9[Iqow SHINS
/3P/2pP UaWIAIG-UdNUIZIITo[ouydo) mmm//:dny J10J "ds9 ‘uowaIg Ul SUONN[OS UOIBIIUNWIWIO)) uawarg A1) 9[IqOA 09
310°qe[-yoIeasaI-uisop-mmam//:dny SJUSWUOIIAU UBQIN UT "0} [ureg SIpN
¢310°sqe-pooyroquSroummm//:dny | 9Fpa[mous oSUBYIX? 0] SUNIOM)AU JO SULIN)SO] Qe yoIeasay usisa(q| qe pooyIoquSIaN 8S
AWIOU099 JoU AY) UT SUOITAX
apruorSarrmmam//:dny J0J SQIS0[0Ud9) J[IqOW PUB PISBQ-JOUIAU] QUNIS[IBY] UOISY! 4
U012y
xdo10)udo-reraI-ormng/sqel-SuIAll sonsi3of pue
Juoneaouul/ud-aerodiod/wod des [[eqolS/:dny | ‘open ‘rejor ur Judwdo[oAdp PUB [OIBISAI I3)SO] JI0psua3ay IQua) [re1ay Imng Jv'S €L
xdaoAneniur-£10)oe}-21nnJ/Sqe[-SUIAl] Ansnpur Surnjoejnuew 9y) 10J
Juonesouul/ue-vjerodioo/woo des [[eqol3//:dny | juewdooadp pue ‘YoIeasal ‘UOTJBAOUUI-0D I9)SO] uopsai(] ‘oAneniu] A103oe,] armn, deg L
K)2100S puE sassou
-1Snq Ul InorAeyaq [qIsuodsal pue dAneAOUUL
S10°qe[310-mmm//:dny 10J Sutures] pue judwdoaaap [euonesuesiQ uassH/3Iagsme ‘qe 310 0oL
SQOIAIOS pue
syonpoid Ajpuariy-1osn dojoaap o3 s1adojoadp
op-osnoA'mmm//:dny | pue s1eonpoid ‘eniosuod yoressar sdjoy FSNOA urpeg ‘Hquo SNOA 9
a3edowoy PIRY oIeasay qe[ SuIArg] ‘ON

(ponunuod) §°[T AqeL


http://www.youse.de
http://www.orglab.org
http://global1.sap.com/corporate-en/innovation/living-labs/future-factory-initiative.epx
http://global1.sap.com/corporate-en/innovation/living-labs/future-factory-initiative.epx
http://global1.sap.com/corporate-en/innovation/living-labs/future-retail-center.epx
http://global1.sap.com/corporate-en/innovation/living-labs/future-retail-center.epx
http://www.iregion.de
http://www.neighborhood-labs.org
http://www.design-research-lab.org
http://www.technologiezentren-bremen.de/de/mobilecity_mobilecity_uebersicht
http://www.technologiezentren-bremen.de/de/mobilecity_mobilecity_uebersicht
http://www.bliss-streetlab.eu/about_bliss/

11 Exploring the German Living Lab Research Infrastructure ... 153

References

Baedeker, C., Bahn-Walkowiak, B., Bleischwitz, R. Kolberg, S., Mont, O., & Stengel, O., et al.
(2008). Survey on Consumption Behavior and Its Driving Forces. European Environment
Agency, European Topic Center on Resource and Waste Management: Copenhagen,
Denmark.

Baedeker, C., Greiff, K., Grinewitschus, V., Hasselku3, M., Keyson, D., & Knutsson, J., et al.
(2014). Transition through sustainable Product and Service Innovations in Sustainable
Living Labs: Application of user-centred research methodology within four Living Labs in
Northern Europe. Paper for presentation at the 5th International Sustainable Transitions
(IST) Conference, August 27-29, 2014 Utrecht, The Netherlands.

Bringezu, S., van de Sand, I., Schiitz, H., Bleischwitz, R., & Moll, S. (2009). Analyzing global
resource use of national and regional economies across various levels. In S. Bringezu & R.
Bleischwitz (Eds.), Sustainable resource management—Trends, visions and policies (pp.
10-51). Greenleaf Publishing: Sheffield, UK.

Bringezu, S., Schiitz, H., Pengue, W., O’Brien, M., Garcia, F, & Sims, R., etal. (2014).
Assessing Global Land Use: Balancing Consumption with Sustainable Supply. A Report of
the Working Group on Land and Soils of the International Resource Panel. United Nations
Environmental Program: Nairobi, Kenya.

Buhl, J., Echternacht, L., & Geibler, J. v. (2015). Rebound-Effekte — Ursachen,
Gegenmafnahmen und Implikationen fiir die Living Lab-Forschung im Arbeitspaket 1 (AP
1.2a) des INNOLAB Projekts. Wuppertal Institute, Wuppertal.

Druckman, A., Chitnis, M., Sorrell, S., & Jackson, T. (2011). Missing carbon reductions?:
Exploring rebound and backfire effects in UK households. Energy Policy, 39, 3572-3581.
Fischer-Kowalski, M., Swilling, M., von Weizsicker, E.U., Ren, Y., Moriguchi, Y., & Crane, W.,
et al. (2011). Decoupling Natural Resource Use and Environmental Impacts from Economic
Growth, A Report of the Working Group on Decoupling to the International Resource Panel;

United Nations Environment Program: Nairobi, Kenya, p. 2.

Geibler, J. v., Rohn, H., Schnabel, E., Meier, J., Wiesen, K., & Ziema, F., etal. (2011).
Ressourceneffizienzatlas. Eine internationale Perspektive auf Technologien und Produkte mit
Ressourceneffizienzpotenzial. Retrieved November 4, 2015 from http://epub.wupperinst.org/
frontdoor/index/index/docld/3902.

Geibler, J. v., Erdmann, L., Liedtke, C., Rohn, H., Stabe, M., & Berner, S., etal. (2014).
Exploring the potential of a german living lab re-search infrastructure for the development of
low resource products and services. Journal Resources, 3, 575-598.

German Federal Ministry of Education and Research (BMBF). (2012). Bundesbericht Forschung
und Innovation 2012. Bundesministerium fiir Bildung und Forschung BMBF: Bonn,
Germany.

Jackson, T. (2005). Motivating sustainable consumption: A review of evidence on consumer
behavior and behavioral change. London, UK: Policy Studies Institute.

Lettenmeier, M., Rohn, H., Liedtke, C., & Schmidt-Bleek, F. (2009). Resource Productivity in
7 Steps. How to Develop Eco-Innovative Products and Services and Improve their Material
Footprint; Wuppertal Special No. 41; Wuppertal Institute for Climate, Environment and
Energy: Wuppertal, Germany.

Lettenmeier, M., Liedtke, C., & Rohn, H. (2014). A production- and consumption-oriented refer-
ence framework for low resource household consumption—Perspective for sustainable trans-
formation processes of lifestyles. Resources, 3, 488-515.

Liedtke, C., Welfens, M. J., Rohn, H., & Nordmann, J. (2012). LIVING LAB: User-driven inno-
vation for sustainability. International Journal of Sustainability in Higher Education, 13,
106-118.

Liedtke, C., Baedeker, C., HasselkuB, M., Rohn, H., & Grinewitschus, V. (2015). User-integrated
innovation in Sustainable LivingLabs: An experimental infrastructure for researching and
developing sustainable product service systems. Journal of Cleaner Production, 97, 106—116.


http://epub.wupperinst.org/frontdoor/index/index/docId/3902
http://epub.wupperinst.org/frontdoor/index/index/docId/3902

154 J. von Geibler et al.

Lin, L.-H., Chang, O. H., & Chang, C. (2014). Importance of sustainability performance indi-
cators as perceived by the users and preparers. Journal Management and Sustainability, 4,
34-45.

Miinz, R., & Reiterer, A. F. (2009). Overcrowded world? Population explosion and international
migration (1st ed., p. 324). London, UK: Haus Publishing.

Pierson, J., & Lievens, B. (2005). Configuring living labs for a “Thick” understanding of innova-
tion. Ethnographic Praxis in Industry Conference Proceedings, 1, 114—127.

Rockstrom, J., Steffen, W., Noone, K., Persson, A., Chapin, F. S., Lambin, E. F.,, & Foley, J. A.
(2009). A safe operating space for humanity. Nature, 461(7263), 472-475.

Rohn, H., Lang-Koetz, C., Pastewski, N., & Lettenmeier, M. (2009). Identifikation von
Technologien, Produkten und Strategien mit hohem Ressourceneffizienzpotenzial—
Ergebnisse eines kooperativen Auswahlprozesses. Arbeitspapier zu Arbeitspaket 1 des
Projekts “Materialeffizienz und Ressourcenschonung” (MaRess). Ressourceneffizienzpaper
1.2.; Wuppertal Institute: Wuppertal, Germany,

Rohn, H., & Leismann K. (2012). Ergebnisse des Arbeitspakets AP 2.1 “Identifizierung von rel-
evanten Anwendungsfeldern fiir NachhaltigkeitsLivinglabs”, Interner Ergebnisbericht im
Projekt “Nachhaltigkeitsinnovationen im Living Lab”. Friedberg, Faktor 10—Institut fiir
nachhaltiges: Wirtschaften.

Saurat, M., & Ritthoff, M. (2013). Calculating MIPS 2.0. Resources, 2, 581-607.

Sorrell, S. (2007). The rebound effect: An assessment of the evidence for economy-wideenergy
savings from improved energy efficiency. A report produced by the Sussex Energy Group for,
UK Energy Research Centre.

Spangenberg, J. H., Femia, H., Hinterberger, F., & Schiitz, H. (1999). Material flow-based indi-
cators in environmental accounting. Luxembourg: Office for Official Publications of the
European Communities.

Stabe, M., & Schnalzer, K. (2012). Ergebnisse im Projekt , Nachhaltigkeitsinnovationen im
Living Lab”; Ergebnisse des Arbeitspaketes AP 1: , Status Quo Analyse zur deutschen
Infrastruktur der Innovations- und Laborforschung [Bestandsaufnahme]*, Interner Bericht.
Stuttgart: Fraunhofer Institut fiir Arbeitswirtschaft und Organisation IAO.

SUSLAB (2015). The SUSLAB Project. Retrieved November 1, 2015 from http://www.suslab-
nwe.eu.

Talwar, S., Wiek, A., & Robinson, J. (2011). User engagement in sustainability research. Sci.
Public Policy, 38, 379-390.

Welfens, M. J., Liedtke, C., & Nordmann, J. (2010). Sustainable consumption: Between
unsustainable reality and people’s willingsness to act. Proceedings of the Knowledge
Collaboration and Learning for Sustainable Innovation ERSCP-EMSU Conference, Delft,
The Netherlands, 25-29 October 2010.

Wiesen, K., Teubler, J., & Rohn, H. (2013). Resource Use of Wind Farms in the German North
Sea. The Example of Alpha Ventus and Bard Offshore 1. Resources, 2, 504-516.

Zweck, A., Bachmann, G., Luther, W., & Ploetz, C. (2008). Nanotechnology in Germany:
From forecasting to technological assessment to sustainability studies. Journal of Cleaner
Production, 16, 977-987.


http://www.suslabnwe.eu
http://www.suslabnwe.eu

Part IV
Living Labs and User Engagement



Chapter 12
In-Situ and Mixed-Design Interventions

Natalia Romero Herrera

Abstract Sustainability in living and working contexts aims to design innova-
tions that are appropriated by users in their daily life activities. Appropriation is a
dynamic process that acknowledges the complexity of practices in the adoption of
technologies. It involves adaptation of the technology and its intended use as well
as the practices that are affected by it. In Living Lab settings the innovation pro-
cess is user-centric, meaning that is driven by users, their practices and the process
of appropriation. This requires an active involvement of users at all stages of the
design process: for gathering insights, ideation, co-designing, experimentation and
evaluation. When the focus is on active involvement of users, qualitative methods
are central in the design process. Qualitative methods support a wide spectrum of
user involvement, from been observed to actively self-report experiences and prac-
tices to inform the design process. The more active the involvement of users and
the more complex their context, the more effort and skills are needed from them.
If no clear incentives for participation, active involvement becomes a burden and
does not sustain overtime. In-situ and mixed-designs interventions support user
centric, situated and integrated design research practices. In-situ and mixed tools
take the form of mixed data probes and in-situ interventions that facilitate user
involvement in the activities of data collection and interpretation. In this chapter,
the SusLab Toolkit is presented as an implementation of in-situ and mixed-designs
interventions in the context of heating practices at home.

Keywords Technology appropriation + Daily life practices * In-situ methods -
Mixed methods - Sustainability living lab
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12.1 Introduction

Sustainable domestic innovations are designed to co-exist within the dynamic
complexity of daily life practices. If home living practices are ignored during the
design process, solutions are doomed to failure (Spaargaren 2011). An example
is homes that monitor and provide feedback for saving energy, where inhabit-
ants often question and neglect the advice given on their consumption even if it
has been tailored to their specific energy practices (Gram-Hanssen et al. 2007).
One reason to explain this is the assumption that energy consumption actions are
driven by rational energy saving decisions. This assumption ignores aspects that
are central in people’s everyday lives such as convenience, fashion, culture, and
wellbeing. In addition, several research studies have shown clear evidence that
technological improvements alone do not reach the expected impact on energy
reduction (Majcen et al. 2013). Home residents go through a continuous process of
appropriation in which technology use, technology itself and related practices are
adjusted to fit users’ lifestyles (Dourish 2003). Understanding this process could
help address phenomena such as the rebound effect, a human reaction to techni-
cal improvements, where a decrease in the perceived costs of energy services may
result in an increase in demand. Therefore there is a need to develop methods that
go beyond monitoring objective factors around energy related practices by includ-
ing subjective factors such as users’ comfort (Guerra-Santin and Tweed 2014).

Sustainability Living Lab (SLL) offers an infrastructure to support a user-
centric and contextual innovation process for the design of sustainable practices
(Liedtke et al. 2012). Future users in their living context are involved as key actors
in communicating and discussing their values and lifestyles: by means of report-
ing and reflecting on experiences around their daily life practices (Romero et al.
2013). The reports and reflections are included as rich input to support ideation
and experimentation of new strategies and to evaluate the appropriation and impact
of such strategies in people’s daily life. For this, SLL adopts a multidisciplinary
approach to incorporate user research into design practices and vice versa connect-
ing the process of collection, analysis and interpretation of data with the design
activities of understanding, ideation, experimentation and evaluation of concepts.

How to support users’ involvement is then key to facilitate this process.
Reporting and reflecting on daily life practices are not trivial activities. Practices
are routines highly dependent on context, on other practices and on time, so they
are not always easy to track and to have a clear overview, therefore making diffi-
cult to quantify and qualify their impact.

Mixed-designs are research constructions based on Mixed Methods Research
(Creswell and Piano 2011) that propose the integration of qualitative and quanti-
tative methods for the study of complex settings. In Chap. 2 The emergence of
Living Lab Methods a mixed approach for SLL is described that implements
mixed tools to support data collection (mixed self-reporting), data analysis (mixed
data probes), and data interpretation (mixed design activities). Applying mixed
tools in design research activities aims to facilitate the involvement of users at
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different stages of the design process: gathering insights, co-design (ideation),
experimentation and evaluation of sustainable innovations.

This chapter describes the implementation of four mixed tools developed
as part of the SusLab Toolkit, in collaboration with the SusLabNWE partners
(www.suslab.org). The SusLab Toolkit (Harinxma et al. 2014) was designed to
support a SLL infrastructure focused on home heating practices. This chapter pre-
sents the SusLab toolkit designed to support in-situ and mixed-designs interven-
tions and to enable user-centric and contextualized design research activities.

The toolkit provides an infrastructure for in-situ self-reporting and reflection
of practices based on Experience Sampling Method (Hektner et al. 2007), Daily
Reconstruction Method (Kahneman et al. 2004) and Sensor Networks. Mixed
tools extend the toolkit by the implementation of mixed-designs to facilitate users
in the activities of describing and contextualizing practices in a quantified and
qualified rich and reliable manner.

The chapter starts by briefly introducing the methods involved in the develop-
ment of the toolkit, followed by a description of an implementation of the toolkit
in the context of home heating.

12.2 Mixed Designs

Mixed-designs are formulated within the paradigm of Mixed Methods Research
(Creswell and Piano 2011). They are based on three basic ways to mix data from
qualitative and quantitative methods: by connecting, where one data source builds
on or follows up on the other; by merging, where the results from quantitative and
qualitative methods are compared or related to; or by embedding, where the results
of one method is explained by the other (see Fig. 12.1).

Mixed-designs are defined and characterized by three factors: the order in
which qualitative and quantitative methods collect data, whether sequential or
concurrent; the priority given to quantitative or qualitative research, whether the
same for both or prioritizing one over the other; and the stage of integration of
data, whether in data collection, analysis, interpretation or a combination of them.
Figure 12.1 shows the most used mixed designs. Connecting data supports sequen-
tial explanatory and sequential exploratory designs. The first uses qualitative data
to explain and to interpret the main findings coming from quantitative results,
whereas the second one uses quantitative methods to explore a phenomenon that
has been identified in a qualitative study. Merging data supports concurrent trian-
gulation where two concurrent data collections are used to confirm, corroborate or
cross-validate a study. Embedding data supports concurrent nested designs where
a predominant data collection is extended by adding a second data collection to
gain a broader perspective. Two other designs, sequential and concurrent trans-
formative, help employ the methods that best serve a theoretical perspective. In
particular, sequential transformative design data is integrated to better understand
a phenomenon or process that is changing as a result of being studied.
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Fig. 12.1 Three ways of mixing quantitative and qualitative data. Notation: a predominant
method is symbolized in capitals; in the absence of a predominant method both approaches are
equally represented in the results (Creswell and Piano 2011)

12.3 In-Situ Methods

For most daily life practices, people are unaware of their impact on sustainabil-
ity. The more routinary the practice is the harder to describe them and explain
their impact. Unexpected high-energy bills are one example that illustrates this
in real life situations. Nevertheless, participants involved in user-centred design
research studies are expected to provide deep reports and reflections on their
daily life practices. Traditional methods such as questionnaires and interviews are
memory biased by the ability of users to recall relevant practices and experiences.
Besides, users also lack an accurate overview of their practices and its impact.
In-situ methods support users reporting and reflecting on daily life practices
in their social, physical and temporal context. The reports can be automatically
enriched by time of the day and other contextual data (see sensor networks below).
Experience Sampling Method (Hektner et al. 2007) implements different protocols
to trigger users report their experience at several moments in time. Connecting
experiences and practices, while keeping sampling a lighter activity for users, is
implemented by combining ESM with Daily Reconstruction Method (Kahneman
etal. 2004) using sampled experiences as inputs to reconstruct more detailed
information on practices (Khan et al. 2008). Sensor networks can inform ESM
protocols based on contextual variables and provide richer input information to
DRM.
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12.4 Sensor Networks

Sensor networks are also discussed as relevant techniques to contextualize the user
practices. In understanding the sustainable impact of practices, sensor networks
can provide information otherwise invisible for users. For example, monitoring
energy consumption as well as contextual variables such as indoor climate (CO»,
temperature, humidity) and other social (presence, movement, etc.) and environ-
mental parameters (light, sound, etc.) can be integrated as feedback or used to
inform the protocol of in-situ methods. Sensor network technologies have been
adopted rapidly in Living Lab setups, as they can provide unobtrusively and to
relatively low costs objective information around people’s behaviour and patterns.
On the one hand, they support large-scale and longitudinal collection of data; on
the other hand, the knowledge gathered from sensor data alone is not sufficient to
gain rich insights into real life situations (Mulder et al. 2005).

12.5 The SusLab Toolkit

The SusLab Toolkit supports design research practices in Living Lab settings.
Designers, researchers and users interact with different layers and sources of data
to generate user centric and contextualized insights, ideas, concepts, prototypes
and evaluations. The toolkit provides a set of tools that implement in-situ and
mixed-designs interventions to support design activities with high involvement
of future users in Living Lab setup. The tools are developed to collect subjective
and objective data in relation to heating practices, thermal comfort sensation and
indoor climate variables. The in-situ and mixed-designs interventions are designed
to integrate quantitative and qualitative data collection with users. The toolkit sup-
ports several designs: sequential explanatory mixed-design to facilitate the data
collection of experiences and practices around heating; concurrent triangulation to
integrate the analysis of objective and subjective quantitative data related to impact
of heating practices; sequential exploratory mixed-design to guide the genera-
tion of quantified and qualified insights of practices and the ideation of solutions
through deeper and focused analysis of practices; and sequential transformative
implementation to enable experimentation and assessment of technology appropri-
ation and emergence of new practices. The following sub-sections include descrip-
tions of each mixed-design, which are summarized in Table 12.1.
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Table 12.1 Implementation of in-situ interventions and mixed-designs using the SusLab Toolkit

Mixed designs In-situ interventions Purpose
Sequential Comfort dial: sampling experience Facilitates users to reconstruct
explanatory based on quantitative self-reports on qualitative reports on (heating)
thermal comfort practices on the basis of quantitative
Heating diary practices: reconstruction | self-reports on (thermal comfort)
of practices based on qualitative experiences
self-reports on heating practices,
clothing, and physical activity)
Comfort dials connects to diaries
of practices
Concurrent Sensor box merges with comfort Visualizes objective (indoor climate)
triangulation dial = mixed probes and subjective (thermal comfort)
impact of (heating) practices
Sequential Mixed probes: integrated visualiza- Interview sessions provide deep and
exploratory tions of quantitative objective (sensor | focus explanations of the impact
boxes and energy meter) and subjective| visualized by mixed probes
(comfort dial) to integrate impact on | Co-design sessions translate insights
sustainability and comfort from mixed probes into contextual-
Mixed probes connects to interviews | ized requirements
Mixed probes connects to co-design
Sequential In-situ interventions to provoke Evaluates the process of
transformative reflection or to evoke certain appropriation of technology
experience by guided user and the development of new
interactions with artefacts practices

12.5.1 Sampling and Constructing Practices—Sequential
Explanatory

Living Lab participants, as future users, can report their heating practices at home
using the heating practices diary (see Fig. 12.2), a digital interface that invites
users to reconstruct and qualify their heating practices on a daily to weekly basis.
The heating practice diary is based on DRM. Acknowledging the challenges of
recalling relevant practices even if reporting on a daily basis, the diary is con-
nected to the inputs of the comfort dial. The comfort dial (see Fig. 12.3—left) is a
personal input device, based on ESM, that users can carry with them to input their
experiences on thermal comfort. Every time users experience a change in comfort
they can report it on a seven scale from very cold to very warm by turning the
comfort dial left or right. The inputs are colour coded in a range from blue to red
and displayed in the timeline of the heating practices diary with a vertical peak.
Inputs of the comfort dial can then be connected to the descriptions provided in
the diary, as they can be used as memory anchors to describe the practices around
those moments.
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Fig. 12.2 A householder using the heating practice diary, in Dartford, England

Tijdlijn dinsdag 10 februari
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Fig. 12.3 Left—comfort dial; Right—heating practices diary: color coded peaks in the timeline
represent inputs from comfort dial, the icons are draggable to indicate heating and cooling prac-
tices (fop-left of the timeline), level of activity and clothing (fop-right of the timeline) and loca-
tion (bottom of the timeline)

12.5.2 Connecting Needs and Impact
of Practices—Concurrent Triangulation

Users’ quantitative and subjective data from the comfort dial can be visually
merged with quantitative and objective sensor data on indoor climate and con-
textual data including temperature, humidity, and CO,, resulting in mixed data
probes (Fig. 12.4—bottom). Mixed data probes provide a first layer of integration
of users’ heating needs (e.g. too cold, too hot) and the quantified description of
the heating context (e.g. low temperature, high temperature). Mixed and in-situ
interview sessions are implemented as instances for future users and researchers
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Fig. 12.4 Top—instantiation of a heating practice diary; Botfom—instantiation of a mixed data
probe of 1 week: the dots represent comfort dial data (scale 1-7 at the right) and black, green,
pink and purple lines represent temperature, humidity, light and movement respectively

to merge the mixed data probes with inputs from the diaries and to connect such
insights with deeper and focused descriptive and reflective exercises of users’
practices, their impact and context. Figure 12.4 shows an instantiation of mixed
data probes and diaries from real data.

12.5.3 Ideation of Solutions—Sequential Exploratory

Mixed Data probes and the insights gather from the reflective exercises can be
connected to co-design sessions supporting future users and designers to generate
solutions that integrate social and sustainability values of practices. Mixed probes
can help users identify relevant practices, study their context and reflect on their
personal and sustainable impact. Co-design practices become well supported by
rich and relevant data, bringing context further in the ideation and definition of
requirements.
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12.5.4 Experimentation of Technology
Appropriation—Sequential Transformative

In-situ interventions can be developed to activate users reflect on and assess their
practices and experiences when interacting with prototypes. For instance, by
implementing online merging of comfort dial and sensor box data, interventions
in the form of visualizations, questions or tasks can be triggered and prompted to
users. This enables users to track and assess their appropriation process of the new
technologies in their daily life.

12.6 The SusLab Toolkit Generic Setup

A generic setup is proposed to optimize user involvement and data richness across
the three levels of integration represented by the three rings in the Mixed approach
introduced in Chap. 2: The emergence of Living Lab Methods. The setup encom-
passes data cycles. A data cycle defines the frequency and schedule of data col-
lection and of the mixed-design practices described above. The length of a cycle
and number of cycles deployed in one study depends on the project resources and
main objectives. As a rule of thumb it is suggested to set the length of a cycle to
a minimal of 3 weeks and a maximal of 3 months, including at least 2 cycles. For
example, to study heating and cooling practices in one year, it is recommended to
implement 4 cycles (one per season) with a length of 3 months each.

Figure 12.5 illustrates a study setup with 4 cycles of 6 weeks each, with a total
of 24 weeks of sensor data collection, 8 weeks of self-reporting data implemented
in groups of 2 weeks at the end of each cycle, and co-design sessions of 1 day
at the beginning of each cycle (by combining activities of interpretation of mixed
probes and ideation of solutions (see Sects. 12.5.2 and 12.5.3 respectively).

A cycle starts with an in-situ user session. For the first cycle this session is
more intensive than the ones in the following cycles, with the main goal to get an
initial view of attitudes, practices, context (location, social) and use of technology.
In the following cycles, this session invites users to work with mixed probes (see
Sect. 12.5.2). This activity is located in the inner level of the mixed approach (see
‘intake’ in Fig. 12.5).

In the verifying level (outer ring) the primary data collection comes from sen-
sors. Depending on the level of intrusiveness, the stability and cost of the sensor
network, it is suggested to implement a continuous protocol of data collection for
every cycle. In Fig. 12.5 this are represented by the white dots in the outer ring.

For the exploring level (middle ring) user involvement is in the form of self-
reporting and self-reflection . To minimize users’ burden and fatigue in long-
term studies, it is recommended that every cycle applied self-reporting activities
in the last one-third of the total length of the cycle. Therefore if the cycle is set
to 6 weeks the self-reporting activity takes place in the last 2 weeks of the cycle.
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Fig. 12.5 Example of a study setup using the Suslab Toolkit

This activity hosts sampling and constructing of practices or experimentation of
technologies depending on the progress of the study (see Sects. 12.5.1 and 12.5.4
respectively).

In the experimenting level (inner ring) co-design sessions are implemented usu-
ally in the form of group in-situ sessions at the end of a cycle using the inputs
from the other levels (see Sect. 12.5.3).

12.7 Conclusion

The presented tool aims to empower users by actively collecting, analyzing and
integrating rich data to qualify and quantify practices and their impact on daily
life. Users then become active collaborators in design research activities to explain
current practices, explore new ones and transform practices by appropriating new
technologies.
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by the SusLabNWE Interreg European program.
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Chapter 13
Co-creation in Living Labs

Shea Hagy, Gregory M. Morrison and Peter Elfstrand

Abstract Living Labs are places for open innovation where co-creation is a
method for addressing real-life issues through the attribution of knowledge from
science and society, the latter being a form of transdisciplinary social learning.
In a Living Lab the representatives from business, society and academia, as well
as citizens, have different value perceptions and propositions, providing hetero-
geneity across the stakeholder value spectrum. This provides a rich set of ideas
and values for co-creation which can be used for both the operational phase and
the integral shaping and creating the design for the physical infrastructure of the
Living Lab itself. The use of co-creation workshops are demonstrated for idea-
tion amongst the stakeholders for the HSB Living Lab. This is exemplified in the
development of the social washing room which will be prototyped and tested in a
fit-for-purpose multifunctional design space.

Keywords Living labs -+ Co-creation

13.1 Introduction

Living Labs are co-creative by design and definition as the Living Lab concept
offers an environment that aims to facilitate co-creation; an interactive platform
for collaborative research where users play an active role (Rosado et al. 2014).
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The Living Lab is appropriate for co-creation as it is issue-driven and exists
within a rich, complex and contested real-world context (Carew and Wickson
2010); that of sustainable living. The theoretical basis for the co-creation meth-
odology is transdisciplinary where the knowledge is generated in patterns across
relevant disciplines and discourses. Consequently, the hermeneutic framework for
the Living Lab can be defined as the attribution of knowledge from science in an
issue-driven process (Max-Neef 2005; Hadorn et al. 2008) and which builds on the
early ideas of Jantsch (1970).

While the interpenetration of epistemologies within relevant issues for soci-
ety is relatively well agreed as characterizing transdisciplinarity (Carew and
Wickson 2010), the role of practitioners for the co-creation of knowledge is new
(Pohl 2008). The integral thinking process may involve practitioners being active
in knowledge production or involve practitioners reacting to research conducted
(Mobjork 2010). The former is a process of social learning where researcher’s
explicit disciplinary knowledge and practitioners tacit knowledge may be linked to
provide new hypotheses for further research or societal action (Baars 2010; Leys
and Vanclay 2011).

Transdisciplinary social learning becomes a more stringent methodology in
the Living Lab through co-creation. Co-creation is integral thinking between
stakeholders to provide value leading to innovation (Franz 2015); this innovation
process should provide more relevant products and services which are quicker to
market. There are two key challenges in the co-creation process. Firstly, the fun-
damental difference between the nature of the knowledge resources provided and
offered by the stakeholders and secondly, the value perceived in the co-creation
outcome by each party (Hughes 2014). For the second challenge the question
remains whether the very basis of the triple helix idea (the nexus of academia,
business and society), which is increasing innovation through knowledge, is seen
as a value for all parties. Value perception and outcome has a heterogeneity across
the stakeholder spectrum and may include new research, technology adoption,
behavior or practice change, or effect on public policy (Hughes 2014). Hughes
(2014) argues that different value perceptions might be addressed by identifying
consensus and innovation spaces within the co-creation process.

Current thinking is that involvement of citizens in the co-creation process pro-
vides a greater user-centred value and thereby shifts focus from a rational organi-
zational basis to a more novel and creative process (Ind and Coates 2013; Leminen
and Westerlund 2012), which is both iterative and reflective (Vicini et al. 2013).
However, this also implies a greater emphasis on the social representativeness of
the outcomes (Franz 2015). If the user is to gain value and meaning in the co-
creation process, a greater emphasis on user adoption of innovation based on
preference and needs is required (Mangyoku et al. 2014). By bringing together
the transdisciplinary knowledge resources of stakeholders and users in an open
co-creation process, it should be possible to provide the Living Lab with societal
meaning in a structured innovation space. This high degree of relevance should
also reduce the risk of market failure of the innovations developed (Leminen and
Westerlund 2012).
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13.2 Co-creation

Co-creation is a process that provides an opportunity for on-going interaction
between partners, clients, and users, allowing collaboration and fostering innova-
tion (Ind and Coates 2013). A Living Lab facilitates and promotes open innovation
systems and initiatives through a co-creative platform for experimentation. Living
labs are thus spaces of co-creation, which promote open innovation processes
making co-creation an essential element within a Living Lab environment. This
article considers the contemporary use of the co-creation process in Living Labs
and its relevance for both bringing together academic, business and society around
common problems, as well as shaping new concepts for potential prototyping.

13.3 The Theory Behind Co-creation

13.3.1 Co-creation. The Method of Choice for HSB Living
Lab

The HSB living lab is built on the Chalmers campus as a meeting place for busi-
ness, society and academia. The lab includes ten business and society partners as
well as Chalmers as the academic partner. During the formation of the partnership
it was realized that there was a need for a methodology to bring partners together
onto common ground, and also to provide a creative space where new ideas for
innovations and services could be generated. As a consequence, co-creation work-
shops (CCW) became the method of choice underpinning the HSB Living Lab.
The CCW methodology will not only be used during the operational phase of the
Living Lab but has been integral in shaping and creating the design and conceptual
basis for the physical infrastructure itself (see Fig. 13.1).

13.3.2 Co-creation Workshop as a Tool for Innovation

Business-society-academia workshops were designed to generate ideas in an
intensive co-creative environment. The aim for these co-creation workshops was
to provide early innovation ideas for HSB Living Lab which may or may not lead
to prototyping in the Lab. These ideas generated through the workshops were then
used by the design and planning teams to create the program for the building and
inform the design documents. During the operational phase of the HSB Living
Lab, CCWs will continue to be drivers of idea generation and the evolution of the
living environment, where the residents will themselves be given the opportunity
to co-create aspects of their environment and engage with the industry and aca-
demic partners.
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Fig. 13.1 Image from a CCW during the concept and design phase of HSB Living Lab

13.3.2.1 Ideation

The co-creation workshop is used as a concept and idea generator in the first stage
of the Conceive- Design-Implement-Operate (CDIO) framework, which takes an
idea all the way through from concept to use. Product, process, and system lifecy-
cle development and deployment are key elements of a CDIO program as defined
by the CDIO Initiative (CDIO 2015). CDIO is considered an appropriate context
for engineering education. Integrating co-creation into this framework through
CCWs in a Living Lab environment can be used as well as a bridge between aca-
demia and industry. CDIO is a model of an entire product, process, and system
lifecycle. The Conceive stage includes defining customer needs; considering tech-
nology, enterprise strategy, and regulations; and, developing conceptual, technical,
and business plans (CDIO 2015). In this stage, the co-creation workshop method-
ology can be used as an effective tool in the process, creating an environment, in
which knowledge and skills are taught, practiced and learned. A physical Living
Lab infrastructure, then, provides the opportunity to implement and operate these
concepts in an iterative design process. In the case of the HSB Living Lab and
CCWs facilitated by Chalmers University, this is expanded from being applicable
to engineering and education as set out by the CDIO initiative, to integrating mul-
tiple disciplines and linking education with industry, to a transdisciplinary meth-
odology (Hadorn et al. 2008; Mobjork 2010).
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13.3.2.2 Transdisciplinarity

A transdisciplinary methodology primarily connects a diverse range of disciplines
but can also be seen as a way to bring society, business and academia into a com-
mon space. As described by Hadorn et al. (2003), transdisciplinary research for
sustainability strives to investigate problems on descriptive, normative and oper-
ational levels and it produces both systems and target knowledge. The complex
nature of sustainability creates a need for a third type of knowledge. A transform-
ative knowledge can create the necessary conditions and strategies for changing
undesired processes. Given that sustainable development involves societal prob-
lem-solving based on research, the knowledge held by non-academic actors has an
important role to play throughout the process of knowledge production (Hadorn
etal. 2003). Here lies the functional importance of co-creation and CCWs, cre-
ating thematic based arenas to enable transdisciplinary collaboration. This is of
more specific relevance when relating to sustainability science and sustainable
development, which is the focus of the HSB Living Lab.

The complex nature of sustainable development requires knowledge from a
wide range of disciplines which can then be used to develop and test this knowl-
edge in real-life context i.e. through a living lab methodology. Here, the users’
knowledge is taken into account. The CCW is the method used in the HSB Living
Lab environment, “... to transcend the boundaries between scientific disciplines,”
and “... open the academic research process to actors in public bodies, business
and civil society and go beyond purely academic definition, analysis and interpre-
tation of research problems” (these quotes are from Hadorn et al. 2003).

13.4 Co-creation Methodology in Practice
13.4.1 Overview

This section describes the overall process from collaboration of academia-busi-
ness-society to working with stereotypes and finally developing concepts.

13.4.2 Preparing the Nature of the Co-creation Challenge

The planning of CCWs in itself becomes a co-creative activity as inputs from oth-
ers outside one’s discipline and/or competence are necessary to successfully plan a
workshop. The theme or topic of the workshop can be specified and chosen, how-
ever when planning a CCW it is crucial to leave flexibility built into the schedule
and plan.

There are many possibilities regarding the duration of a CCW. The authors
have planned and run numerous variations of CCWs, from full-day workshops,
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to half day workshops, and 2-day workshops, evaluating their own pros and cons.
The researchers have planned now to hold a workshop on 2 separate days with a
1 week interval. From past experience, we know that it can be difficult to bring
together the right people for a workshop as they would need to take 2 full consecu-
tive days from their other daily activities. Further, CCWs are very intensive and
providing space between intensive sessions can help to foster creativity and keep
participants excited and fresh.

Preparation of a CCW requires much planning, often a few months in
advance. Careful planning of the theme and gathering relevant participants from
a diverse range of industries and backgrounds is crucial in order to deploy and
run a successful CCW, one example is the Next Generation Clothing and Laundry
Workshop in February, 2014 (see further sections).

13.4.3 Co-creation Workshop Process

The most basic tools of a CCW are sketching tools such as paper, pens, clay,
wood, cardboard, glue and computer programs. Having a wide diversity allows
participants to choose the medium/media they are most comfortable with or
excited about using, and enables participants to explore the topic at hand from dif-
ferent points of view through mixed media.

Another type of tool that we use in the CCW is called brain writing. This has
proven to be extremely useful and important both in idea generation and in set-
ting and fostering group dynamics and communication. In brain writing, facilita-
tors craft one or more statements or questions related to the topic/theme of the
workshop. This is meant to be an intensive, rapid generation of views about the
topic where deep reflections are not the focus. Brain writing, while helping to start
the ideation process, also allows for participants who may be less likely to speak
in a group discussion to get their views out and read by everyone in their group,
helping to mitigate issues with certain personalities dominating the conversation in
later discussion sessions.

Brainstorm sessions often begin with the statement that there are no rules, this
is important to provide the basis for innovative ideas and creativity. In a CCW
there is a need to specify and create limitations and frames to narrow focus yet
still allow for flexibility. Scheduling as well as the formation of the teams is an
important aspect of preparing the proper environment for creativity. One such way
to do this is through what has been termed brain swarming. This is done by form-
ing teams where some of the members are familiar with one another and some
are newcomers as well as having the teams or groups within the CCW remain
intact throughout the entire workshop. Ideal group size for the breakout sessions
is recommended to be between three to seven persons, and odd number groups are
desirable. As the members become familiar with one another they tend to become
more open, apt to share ideas and productive.
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When planning the agenda of a CCW the tempo and pace must be considered,
i.e. having long presentations, and/or long group sessions can stagnate the pro-
cess. This tempo can be achieved through careful pre-planning of the agenda and
integrating flexibility into the schedule where the facilitators are able to read the
atmosphere of the participants and change the program accordingly.

13.5 The Washing Room Example in HSB Living Lab
(Next Generation Clothing and Laundry Workshop)

The decision was made to hold a 2-day co-creation workshop dealing with the eve-
ryday human activity of washing. This was carried out with the help of researchers
from the RCA in London (who ran the co-creation process) and was co-located
at Chalmers University of Technology in Gothenburg, Sweden and the Johnson
Space Centre in Houston, Texas. The participants communicated via video link.

The background for this workshop stems from the HSB Living Lab project
which is a physical asset in the Climate-KIC BTA flagship. The lab has 12 busi-
ness and societal partners to date. Electrolux, a multinational appliance manu-
facturer, and the housing association, HSB, have an interest in cutting edge
innovation combined with issues of social inclusion (loneliness being a particular
problem in Sweden). Meanwhile Chalmers University researchers have an interest
in the sustainable design of technology connected to human behavior in everyday
life. NASA and Rice University became engaged, being interested on the sustain-
ability of washing on the planned missions to Mars. The co-creation workshops
are seen as a central aspect of the BTA Living Lab network as they bring together
researchers and stakeholders into the prototyping space. The aim is to provide early
ideation that can then be accelerated by entrepreneurs or the partner companies.

The 2-day workshop was carefully planned beforehand with interviews of
housing association residents, astronauts and others providing a common platform
for the workshop groups. The workshop was met with much enthusiasm from the
delegates in Sweden (Electrolux, HSB and other company employees, Chalmers
students and researchers, architects—including the person who later designed the
HSB Living Lab) and at NASA (NASA engineers, Rice students and researchers).

It became clear that washing does not necessarily involve only the traditional
washing machine. Some interesting ideas included the wasketball (a basketball
loop in which clothes can be thrown through with a sensor to detect whether the
clothing actually needs washing—effectively turning the act of washing into a
game- see Fig. 13.2) and a designer T-shirt dispenser with cubicle for changing
(useful for those who need to change T-shirt after cycling).

Two ideas stood out. The first was the refreshment cabinet whereby clothes
can be refreshed either through connection to the home ventilation system and/or
through low energy UV LED. We do not know whether the residents will use this
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Fig. 13.2 Workshop team (Peter Elfstrand, Charlotte Farrouch, Michail Mavromatis) presenting
Washketball concept

and therefore Electrolux will install cabinets on each floor of the Lab for testing
through research projects.

The second idea was recently the focus of a national (Swedish) press release
by Electrolux. This involves the social washing room. The larger Electrolux wash-
ing machines have now become much quieter and allow the possibility of social
spaces around or adjacent to the machines. This differs from the cellar washing
rooms of Swedish housing associations that used to be standard. The Lab will be
designed to allow a large multifunctional space where different layouts can be
tested and will connect to a student design space where alternative furniture can
be built. A prototype (See Fig. 13.3) was presented as an exhibition at the major
political meeting (Almedalen) in July 2015 and will move into the living lab with
the students as the Lab opens in February 2016.

13.6 Conclusion

CCWs provide a means to:
Engage a transdisciplinary team, bringing academia, society and business into
a Living Lab. This becomes a neutral space with common respect for the tacit
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Fig. 13.3 Render of Multifunctional laundry (Photo Tengbom Architecture)

knowledge held by business and society and the stringent scientifically based
knowledge held by academia. Further, the presence of students brings intergenera-
tional aspects into the process.

Ideate, revealing early common concepts and ideas that can be developed for
prototyping in a Living Lab. This is important for a Living Lab as it keeps people
in the knowledge-innovation-business pipeline active.
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Chapter 14
Participatory Drawing in Ethnographic
Research

Flora Bowden, Dan Lockton, Rama Gheerawo
and Clare Brass

Abstract The chapter reports on a participatory drawing research study conducted by
the Royal College of Art within the SusLabNWE project. It sought to explore peo-
ple’s notions of energy and to visualise their ideas and associations relating to it. The
study is framed within the context of the broader ethnographic research tools that
were employed by the SusLabNWE consortium. The study was conducted in three
phases with visitors to the Helen Hamlyn Centre for Design’s Life Examined exhibi-
tion at the Royal College of Art in September 2013; with students participating in the
UK ArtScience Prize at The Silk Mill, Derby in April 2014; and with visitors to the
Victoria and Albert Museum Digital Design Weekend in September 2014. Participants
were offered drawing materials and asked to respond to the question: What does
energy look like? In this chapter we discuss the outcomes of the research process, we
analyse the images that were created and we explore what they tell us about the par-
ticipants’ ideas about energy and what this could mean for energy visualisations.

Keywords Drawing - Participation *+ Energy - Visualisation * Ethnographic
research

14.1 Introduction

Drawing Energy was a research study that sought to explore people’s perceptions
of energy, an often-intangible concept that is ever-present in our daily lives. It
was conducted jointly by the Helen Hamlyn Centre for Design and SustainRCA
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and was an opportunity to bring together their distinct philosophies and research
approaches to explore the emerging territory of inclusive environmental design.
In the context of this research, this meant understanding the ways in which peo-
ple use and think about energy in contemporary British society and how energy
itself might be represented in new ways in order to help people to engage with it in
more personally-relevant and environmentally conscious ways.

Inclusive design and sustainability often have different starting points and deal
with different scales. Inclusive design usually focuses on people’s needs and capa-
bilities at the domestic scale, while sustainability embraces complexity and sys-
tems thinking, addressing systemic change. The research methodology employed
in Drawing Energy negotiated a space between the two, bringing together peo-
ple’s aspirations and perspectives with the context of socio-political mandates and
changing infrastructure and technologies.

Drawing Energy was a qualitative investigation of energy. Within the context
of SusLabNWE, it built on the qualitative research methods shared by the pro-
ject consortium, that are outlined in the SusLabNWE Research Methods Toolkit
(Greene et al. 2013). It also worked alongside the quantitative research techniques
employed by other project partner institutions to explore human understandings of
energy, and offered a new lens through which to consider the ways in which peo-
ple use energy.

14.2 Aim and Approach

The Drawing Energy study builds on research methods developed by both the
Royal College of Art over the last two decades and on The SusLabNWE Research
Methods Toolkit developed across the project partner institutions. The energy
research began by conducting a series of ethnographic interviews in 2013 with
people—mostly Londoners—in their own homes, to explore their ideas around
energy, what it means to them and how it features in their daily life.! Within this
engagement we used design probes and logbooks (a development of the diary
study) to gain further insights, all of which contributed to the later development of
our drawing research.

While the principal focus of the SusLabNWE project was on energy in the
utility sense, the word ‘energy’, with numerous definitions in English (Merriam-
Webster 2015), is a concept that resists easy visualisation and is not synonymous
with any singular or distinct visual icon. We therefore decided to expand the frame
of reference for our research to encompass fully all the meanings the term holds
and explore its significance for our interviewees.

IThe householders interviewed included social housing residents and owner-occupiers who were
interested in monitoring their energy use.
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The research process itself was people-centred, with the designers and
researchers seeing householders as collaborators and contributors, not just ‘test
subjects’ (Gheerawo and Bichard 2011). This was important: it is beneficial
to work with real people as nothing can really replace the value of this process
(Warburton 2003). This moves projects from being perhaps an ego-centric expres-
sion of design expertise, to having social relevance and value for the end user.

Drawing Energy was conducted with visitors to the Helen Hamlyn Centre for
Design’s Life Examined exhibition at the Royal College of Art in September 2013;
with students participating in the UK ArtScience Prize at The Silk Mill, Derby in
April 2014; and with visitors to the Victoria and Albert Museum Digital Design
Weekend in September 2014.

14.2.1 Ethnographic Research Methods

Our research began with ethnographic interviews in which we discussed people’s
relationship to energy in the home and their broader thinking around it. We utilised
a range of design probes and a logbook (a variation on a diary study), which for
example, asked people to report which other words they associated with the word
‘energy’ and asked them consider and rate different methods of visualising energy,
from an individual display on their phone or computer, to public displays, calculat-
ing the energy use in a residential area.> These methods were outlined for the con-
text of the project within the SusLabNWE Research Methods Toolkit, which set
out the agreed qualitative research approaches that each partner institution would
employ in their investigation.

The toolkit comprised a set of twelve qualitative research methods to be used
in the lab and in the field. These included questionnaires and diary studies to gain
initial insights into a participant’s ideas about energy and its relation to everyday
activities, as well as design probes delve deeper into the issues. It also incudes co-
creation and prototyping, to support the development of new designs, from a peo-
ple-centred perspective, and lastly, the Toolkit also details in situ tasks, designed
specifically for the lab setting. The Toolkit therefore offered a broad set of meth-
odologies that facilitated our research at different stages of it.

In Drawing Energy we created logbooks, which were intended to gather
insights into participants’ ‘thoughts and actions within the context of daily life
practices’ (Romero Herrera 2013), related to energy consumption. While the
design probe, which is often called a ‘cultural probe’ was ‘intended to reveal
further insights into a participant’s behaviours or motivations concerning their
domestic energy use’ (Bowden 2013).

The design probes and logbook are ethnographic research methods detailed in The SusLabNWE
Research Methods Toolkit.
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These methods worked well for the exploratory nature of our research. By uti-
lising these approaches we sought to uncover nuances in the ways in which partic-
ipants think about energy, the associations they make with it in everyday life, and
their responses to different forms of communicating energy use.

14.2.2 The Research Process

Early on in the research we found that people’s mental models (Johnson-Laird
1983; Gentner and Stevens 1983) and notions of energy were very diverse (as con-
firmed by some other research, e.g. Rupp 2013) and that their associations were
much broader than heat or electricity. One participant told us that to describe
energy to a child he would say it is ‘[a] force. Something that creates change, or
motion, or action.” We also consistently found, that the invisibility of energy was a
significant attribute for the people we spoke to.

Another participant said to us:

I think I worked out that through gas and electricity every year, the average house gets the

equivalent of a bit over three tons of coal delivered completely silently and without any

mess. And go back a hundred years ago and everyone would have a really good quantita-

tive understanding of how much energy they used because they had to physically shovel
the stuff. So, that made me stop and think.

The initial research interviews revealed that the energy’s invisibility was a
defining characteristic, and one that might be closely connected to understanding
our own environmental impact through energy use. This was by no means a new
finding (e.g. Burgess and Nye 2008)—and ‘keeping energy use visible’ is central
to the thinking behind home energy monitors (Hargreaves et al. 2013)—but it is
one that has often been addressed in design through leaping straight to new inter-
face designs (Froehlich et al. 2010) without exploring the issue further in terms of
the meanings, social and ecological factors of everyday lived experience (Mazé
and Redstrom 2008; Strengers 2011; Hamilton and Hinshelwood 2014) and the
stories around these (Mourik and Rotmann 2013; Lockton et al. 2014).

To investigate the questions that energy’s invisibility might present, we
decided to undertake a drawing study to explore energy in new ways, and to use
the drawing process to uncover the associations people make with this immate-
rial entity. We developed a visual research method, which social scientists might
term a ‘participatory visual method’ (see for example, Gubrium and Harper 2013;
Mitchell 2011) in which we asked people to respond, through drawing or writing
on paper, to the question: What does energy look like? As Gray et al. (2010) sug-
gest, ‘[w]ords become more challenging to visualise as they become less literal’,
and energy, as a form of dynamism, power, force or activity, might be considered
‘an idea that isn’t anchored to an object in reality’ (Brown 2014). We reasoned
that this method could help us to explore people’s mental models and perceptions
of energy, and of the infrastructures or meanings connected to it. Participatory
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drawing research has been used before to explore people’s understandings of
abstract or invisible concepts, for example Bibace and Walsh (1979) and Nemeroff
(1995) explored notions of germs and illness, while Qualter (1995) and Devine-
Wright et al. (2009, 2010) have explicitly looked at conceptions of electricity gen-
eration and the National Grid.

14.2.3 About the Study

The drawing study was conducted in three different stages and contexts, and it
is important that we consider some of the factors in the research that may have
informed the different outcomes produced.

The studies in the Life Examined exhibition and the Digital Design Weekend
were both held within broader exhibition contexts and the participants were there-
fore all engaged with cultural events and design. Beyond this, there was no clas-
sification of their age ranges, occupations, or backgrounds. The students in the
ArtScience Prize were the only group of a particular age range: they were all teen-
agers (13-18 year olds) working on art and design ideas inspired by the theme:
‘Energy of the Future’. All of the participants could be said to have an interest in
art or design, and this could have influenced the collection of images.

As the study was conducted in three different phases and locations there were
inherent differences in the way each was structured. In the Life Examined exhibi-
tion participants drew on an angled board, at the V&A participants drew on tables,
while at the ArtScience Prize many students chose to draw with their paper on
their laps. At the V&A completed drawings were also hung on the wall, so partici-
pants could see some examples of earlier work.

All three strands of the study were conducted in either workshop or exhibition
contexts, environments in which participants were encouraged to explore and cre-
ate, which valued new ideas and even future visions. It is possible therefore that
these conditions encouraged participants to express new ideas for what energy
could be, or what they would like or expect to see in future, rather than to illustrate
their experienced realities.

We acknowledge that the sample groups who took part in the study are not nec-
essarily representative of British society as a whole, but we see this project as a
way of uncovering individual views and ideas about energy that are not normally
publicly expressed.

14.3 What We Found

From the three phases of the drawing study emerged a collection of 180 images
of ‘energy’, presenting a diverse, multi-faceted and highly personalised picture of
this often intangible and amorphous subject. In each of the three drawing studies
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participants spent as long or as little time as they liked creating their drawing,
however, we did not ask people to complete surveys or questionnaires as a part
of the study, so our analysis is purely based on our interpretation of the images
produced.

It is important to note that this was not a study of people’s drawing skills or
observational drawing proficiency (Kozbelt and Seeley 2007). By asking partici-
pants to draw a physical representation of the invisible we were asking them to
take part in a conceptual drawing exercise and as such, the study intends focus on
the ideas, thought processes, emotions or experiences that the drawings seek to
communicate.

In studying the drawings we began a process of clustering, or categorising all
the pieces in the collection. These were quite fluid groupings at first that offered
different lenses through which we could view and think about the material. We
looked for relationships and commonality between pieces, but we also considered
the divergence or contrast in what the drawings seemed to communicate—those
examples that counter one another, or which could exist in a category all of their
own. The richness and subjectivity in this body of work means that we felt our
groupings were by no means definitive, and in something of a kaleidoscopic way,
the categories can shift, reorganise, create new constellations and suggest new
ways of thinking about the drawings for each individual viewer. Here are the sub-
jects we propose:

14.3.1 Nature/Culture

Many drawings depict the ‘end points’ of the power we use in everyday life: the
light bulbs, plug sockets, batteries or wires that fill British homes today. They are
products; part of the energy infrastructure and in a way emblematic of energy in
contemporary culture. Time, convenience, connectivity and the domestic are
important considerations in these images as they seem to reference the instantane-
ous, on-demand moment of connection we have with physical power on a daily
basis. They also reference the human scale. Rather than consider the National
Grid, or power stations, for example, they present the visible points of contact that
people have with the energy system and show how the people behind these draw-
ings experience energy in their immediate environment.

Quite in contrast to images of manufactured products and technologies, there
are also many images of nature referencing plant or animal life, the elements and
environmental conditions. There are images of the sun and lightning bolts, five
drawing of waves, four trees and six flowers, which collectively seem to represent
the full range of force and power within the natural world. The sun could be read
as the original source of energy, and waves and lightning as powerful forces of
nature. In fact, we see lightning bolts 13 times throughout the collection, and (at
the time of writing) a lightning bolt is also the first image on Wikipedia’s Energy
page (Wikipedia 2015), so perhaps this particular aesthetic has been adopted into
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our collective conscious as a symbol for energy, for example, via its use in battery
charging iconography. How might more widespread adoption of electric cars affect
this?

This sets up an interesting duality in our collection of images: in those dis-
cussed so far we can start to see a contrast or tension between the wild, which
are in many instances (although not all) large-scale and potentially overpower-
ing forms of energy; and the harnessed or the tamed, which is often energy that
has been captured to be of service to people. It is also interesting to consider the
perspective of the image-maker—the person doing the drawing—how they relate
to the forms of energy they have depicted. Some image-makers may have drawn
energy as it relates to them and some may have drawn the sources of renewable
energy that we capture. In that sense, they have illustrated a starting point in the
energy system whilst others may have sought to depict energy in its purest form,
entirely beyond the limits of the engineered, human-made energy infrastructure.

14.3.2 Abstraction

Whilst in the previous section we discussed drawings with a broad range of sub-
ject matter, what these images had in common is that they were all representa-
tional. However, many of the other drawings in our sample are abstract.

There are images that are very concerned with colour and form, but suggest no
explicit connection to, or association with, the objects or entities around us. We
see swirls, zigzags, amorphous shapes, lines and blocks of colour across all the
sample groups. One image is all bright orange and red, whilst another uses layers
of colour to create a wash of deep blues and purple. Perhaps these images seek
to visualise the matter of energy itself, to materialise the invisible, rather than to
depict those elements or artefacts that either embody energy, or allow us access
to it. Or perhaps they directly address the formlessness of energy, the way it is
not neatly articulated in a precise and defined shape and cannot be pointed to, but
exists intangibly all around us. Through this comparison we can see that the previ-
ous set of images depicted how energy is contained, while these drawings might
do exactly the opposite.

But even in this range of abstract images, we see diversity. One drawing from
the Life Examined exhibition shows a simple horizontal blue line across the mid-
dle of the page, reaching almost to the edges—a single mark on which to focus our
attention—while another from the same group of participants, depicts a knotted,
frenzied and chaotic mix of lines of different colours and trajectories. Whilst one
drawing seems to suggest calmness and clarity, and the other speaks of disorder
and confusion, they could both refer to energy’s ubiquity and constancy. So there
are parallels to draw, even in this seeming divergence, and it is interesting to con-
sider how similar principles can be expressed in very different visual forms.
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14.3.3 Process Drawings

At the V&A, the third and final strand of our study, we were able to offer the par-
ticipants a wider variety of materials to work with than we had been previously. In
the first two studies participants used pens and pencils, but in the third we added to
this chalk pastels and ink and brushes.

Over the 2 days of the study (in which time the tables became increasingly
stained and the materials looked worn and less precious), participants became
more experimental with their drawings and freer with the materials. By the end
of the first day people began to produce what we could call ‘action drawings’ or
works wholly concerned with the process of their making. Several people dripped
ink from above the paper; one person used a brush to draw circles then blew
the ink across the page—Ileaving the trace of their energy in the path of the ink.
Another three people (who didn’t know each other beforehand) collaborated on a
drawing, each making marks in pastel for 5 s, simultaneously. The resulting piece
is the evidence of their energy on the paper. These images are non-representa-
tional, but they are records of the energy that has been exerted in their produc-
tion. They are concerned with the paper, materials and the action of making—the
drawing is a three-dimensional object and the result of an energetic process, not a
picture plane (Greenberg 1961).

There is great breadth in the themes addressed by the participants. The draw-
ings do not simply address the issues of the energy infrastructure, or environ-
mental concerns. Instead they show us a much fuller scope of the ways in which
people think about energy. The diversity, the contrast, the unexpected and the
anomalies all serve to broaden our thinking on this subject, rather than to narrow
our definition of it.

14.3.4 What We Do Not See

As well as all the subject matter that the drawings do represent, there are many
issues that they do not address, and we would like to briefly consider the signifi-
cance of some of what has been left out.

Several drawings show energy sources or supplies, but these are nearly all
renewable. Alongside the drawings of the sun and waves, we see images of wind
turbines on eight occasions, and from the Life Examined exhibition we find a new
proposal for harvesting rainwater. Electricity pylons, which are a common feature
of the British landscape, and a much longer-standing and established infrastructure
than wind turbines—the first pylon was erected in 1928 (National Grid 2014) and
the first wind turbine in 1991 (Nixon 2008)—do not feature at all.

The prevalence of renewable energy in the drawings is also intriguing when
we consider that it remains a minority energy source across Europe. In the UK,
renewable electricity accounted for 18 % of the total electricity generated in the
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third quarter of 2014, which was an increase of 4.2 % on the previous year, but
coal and gas accounted for 58.5 % of electricity generated (DECC 2014). The
energy mix in Europe is changing: the UK’s target is for 15 % of all energy con-
sumption to be from renewable sources by 2020 (DECC 2011) and across Europe
renewables are forecast to account for 16 % of total residential energy use by 2020
(E3M-Lab 2013). However, our energy supply is still heavily dominated by fos-
sil fuels and this is scarcely represented in the drawings. The emphasis we see on
renewables is likely not to be people’s lived experience. Instead, the drawings may
look to the future, to imagine what will or could be, rather than intending to show
what is at present, or has been in the past.

Nor is the fierce political debate that we often hear—or media coverage about
the costs of energy in the UK—depicted in the images. In recent years the cost
of domestic heating has become increasingly expensive and it was the subject of
much public debate (see for example, Boffey 2015; Massy-Beresford 2014) over
the course of the drawing study. Yet these worries or unsettling realities are not
represented in the images.

Another interesting omission from the drawings is numbers (and units such as
kilowatt hours). When we talk about energy, in terms of what we use and how
much it costs, we typically quantify it—even our domestic bills rely on this infor-
mation. Energy suppliers usually communicate to their customers in measure-
ments—and real-time quantitative feedback for householders is a major plank of
UK energy policy (DECC 2009). But apart from equations, the drawings do not
portray numbers, and we therefore see no reference to one of the principal ways
in which energy is talked about, or to the idea of quantities at all. This raises ques-
tions about how effective or useful quantitative metrics are for people in thinking
about energy. Might other modes of communication or explanation be more valu-
able in engaging people in a dialogue about energy consumption? And how could
we support people in thinking about the political and ecological systems in which
they play a part, rather than talk to them purely about the money they owe?

14.4 Reflections

The drawings present stimulating material for considering the ways in which peo-
ple currently do think about and visualise energy, and a key learning from the pro-
ject was the broad scope and conceptual connections that people make beyond
heat or electricity. What people have drawn in terms of technology at least, leans
towards the future rather than towards the historic, but in other ways the results are
more divergent. We find that across the sample the definitions of energy are varied.
The drawings link to personal history and emotions, but also to infrastructure and
systems. They stretch across scales, from the human and engineered, to the natural
and untouched; and they are concerned with the political and environmental, the
aspirational and the unique, as well as the ubiquitous and the everyday.
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Building on the ethnographic research methods set out in the SusLabNWE
Research Methods Toolkit, we were able to utilise the shared project approaches
to identify key areas to explore further. Through interviews, design probes and
logbooks we were able to identify that there was a broad spectrum of different
meanings about the idea of energy and that the issue of invisibility was a signifi-
cant factor in people’s understanding. This led us to develop the drawing study to
delve deeper into the questions around it. We therefore see the drawing study as an
additional ethnographic research method, which responded directly to the findings
uncovered in the first phase of work.

Perceptions of energy are, of course, very subjective. But in presenting these
varied and sometimes opposing views, we think this study has reflected on some
of the enormous complexities in what we often experience as simple daily reali-
ties. What has been produced is a diversity of representation, and through the asso-
ciations and interpretations, we think that the study presents an exploration of how
the subject of energy is culturally constructed.

We also think that designers and the energy sector should consider the imagina-
tion and creativity with which the participants in this study approached drawing
energy, and that these broader interpretations and modes of visualisation might be
able to transform energy systems for the better.

Acknowledgments Drawing Energy was a research study conducted by the Royal College
of Art within the SusLabNWE project. The discussion of this research work presented here
was originally published in Drawing Energy: Exploring Perceptions of the Invisible, an RCA
publication produced on completion of the study. In this chapter we present our drawing study
in the context of the ethnographic research methods utilised in the wider European project
consortium.
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Chapter 15
Actor and Network Analysis

Carolin Baedeker, Marco Hasselkuf3 and Johannes Buhl

Abstract To uncover social influence in personal networks on how to set up the
heating system, heating behaviour and advice on saving energy, as well as the influ-
ence of a household’s peer group in terms of norms and status, a mixed-methods
social network analysis was conducted in the City of Bottrop, Germany. In order
to analyse a household’s embeddedness in social networks, interviews were con-
ducted with around 23 households. Personal relations (friends, neighbours, relatives
and peer groups) and relations to actors in the value chain of heating/space heating
(i.e. craftspeople, manufacturers) were analysed. Results indicate that contacts with
family and friends play a major role and that consulting agencies and consumer
advice centres influence investment decisions on insulation, for example, to a great
extent—due to the highly developed infrastructure of consulting in InnovationCity
Ruhr—Bottrop. The consulting organisations established therein apparently func-
tion well and it shows that advice is also further diffused through ego-networks.

Keywords Actor analysis + Network analysis *+ Mixed methods

15.1 Introduction

Social network analysis (SNA) is both a theoretical position and a methodo-
logical set in social science. It is a widespread approach used in different disci-
plines to analyse a variety of relational phenomena such as friendship, advice or
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Table 15.1 Types of ties in SNA (Borgatti and Halgin 2011, 1170)

State-type ties Event-type ties

Kinship ties (e.g. brother of) Interactions (e.g. giving advice to, sending
Other role-based ties (e.g. boss or friend of) e-mail)

Cognitive (e.g. knows) Transactions (e.g. signing treaty with; making
Affective (e.g. likes or dislikes) a sale)

organisational collaborations in innovation research (Borgatti et al. 2009). The
research object is actors i.e. persons or organisations, and their relations with one
another. The relations can be analysed as conduits through which e.g. information
flows or social influence. Borgatti and Halgin (2011) differentiate the following
types of ties (Table 15.1).

For the context of interest in this chapter, the social influence in personal net-
works was in focus to find out more about how far relations with different kinds
of actors have an influence on heating and ventilation behaviour (analysed as
social practices), saving energy, and how to set up the heating system, but also
the influence of a household’s peer-group in terms of norms and status. To analyse
a household’s embeddedness in social networks, a mixed-methods social network
analysis (Hollstein 2014) was conducted. In the German location of SusLabNWE
within InnovationCity Ruhr, Model town Bottrop (InnovationCity Management
2015) the network analysis was conducted in the course of Insight Research as
part of the three-tier model of research in the SusLabNRW methodological toolkit.
It aimed both to gain insights into the status quo of influence factors on heating
practices and to inform design ideas of Product-Service System (PSS) develop-
ment (Baines et al. 2007; Baedeker et al. 2014; Liedtke et al. 2015) in the phase of
Prototyping.

Both personal relations (friends, neighbours, relatives, peer-groups), and rela-
tions to actors in the value chain of heating/space heating (i.e. craftspeople, often
responsible for maintenance and set up of the heating system) are of interest in
this context. Employing a network analysis in a mixed-methods-design provides
empirical data on the actual relationships of households that may influence their
heating practices. We combined formal and qualitative methods to explore these
aspects. Using quantitative methods provides information on the structure of ego-
networks (see Sect. 15.2). The qualitative network analysis provides insights
into meanings and subjective interpretations of influence on people’s own heating
behaviour. Thus, the following questions were addressed: What do the social net-
works of households look like in the field of heating and space heating? Which rel-
evant actors can be identified and what evidence for their influence can be found?
How do households interpret these influences in their heating behaviour?
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15.2 Methodology: Mixed-Methods in Social Network
Analysis

While the roots of SNA lie in formal, quantitative methods, meanwhile also quali-
tative forms of network analysis and the combination of both become more promi-
nent. According to Hollstein (2014), mixed-methods network analysis is defined
by three elements: (1) both numerical and qualitative, textual data is gathered,
while one type of data might be transformed into the other, (2) during analysis of
networks and relations mathematical as well as interpretative strategies are used,
and, (3) at least at one point during the research process of data gathering, analysis
and interpretation the data or strategies of analysis are integrated, whereas integra-
tion means to systematically link or relate quantitative and qualitative data or strat-
egies to each other. Using qualitative and interpretative strategies next to formal
methods to analyse networks provides some advantages: dense descriptions of net-
works can be produced and network practices and interpretations of actors can be
analysed as well as dynamics of networks can be shown (cf. also Baedeker 2012).

These features can vary in terms of the number of research strands in a research
design and the time at which they are used. Drawing on Tashakkori und Teddlie
(2003), Hollstein (2014) describes five types of designs: sequential, parallel, fully
integrated, embedded and conversion designs. Prell (2012) describes possibilities
of qualitative pre-studies to inform questionnaire design for later formal SNA,
thus, representing a case of a sequential design.

15.2.1 Research Design in SusLabNRW

The purpose of actor and network analysis is explorative. The embeddedness of
a household (ego) in social networks can have an influence on heating practices.
This includes the following groups (alteri):

1. Friends, neighbours, relatives (peer-groups), etc.
2. Other people in the value chain of heating/ space heating (i.e. people responsi-
ble for maintenance and set up of the heating system).

The method is intended for gaining insights into households’ networks in order
to understand how these existing networks can be used to influence behaviours.
Employing a network analysis in a mixed-methods design provides empirical data
on the actual relationships of, and between, households that may influence their
heating behaviour. Using quantitative methods provides information on the struc-
ture of the networks. This is coupled with qualitative network analysis from which
insights into how meanings are constructed and subjective interpretations can be
gained. Analysis requires the combination of qualitative and quantitative tech-
niques to understand how contacts (called alteri in SNA) influence heating prac-
tices. Collecting ego-network data in this way is adequate for the topic of interest
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since it is not possible to specify network boundaries a priori and collect whole
network data using e.g. the closed roster-technique as a list of contacts presented
to participants.

We used network maps (Hollstein and Pfeffer 2010; Schonhuth et al. 2010) to
gather qualitative and formal SNA data in parallel.

With this technique the interviewee in a qualitative problem-centred interview
is presented with a graphical representation of his or her ego-network and asked
to collaboratively fill in contacts with the researcher in a participatory design.
Interviews and network map drawing were conducted with the help of VennMaker
Software (Schonhuth et al. 2010) to interactively draw and visually analyse ego-
networks. The type of contact (family & friends, neighbours and colleagues,
handicrafts people and manufacturers of heating systems, organisations and con-
sultants) were represented through different sectors of the network map; emotional
proximity was shown by drawing alteri closer or farther from ego in the centre;
and spatial proximity as well as strength of contact were shown through different
symbols on a concentric network map with ego being in the centre.

Data collected from network maps was analysed using quantitative network
analysis to understand how different households’ networks compare e.g. in terms
of size, predominance of strong/weak ties, or network structure. Important peo-
ple in the value chain can be identified along with the starting points from which
information spreads across the network.

In SusLabNWE and a subsequent project, EnerTransRuhr, 23 households (rep-
resenting different groups, including lead users and non-lead users regarding their
interest in dealing with heating technology or esp. smart home systems; inhabit-
ants of one family dwellings and apartment buildings; different socio-economic
attributes) were interviewed. Both personal relations (friends, neighbours, rela-
tives, peer-groups), and relations to actors in the value chain of heating/space
heating (i.e. craftspeople, manufacturers) were analysed. Network analysis pro-
vides empirical data on the actual relationships of households that may influence
their heating behaviour. Social influence coming from network relations is often
regarded as a strong factor in behaviour change (cf. Jensen et al. 2015 for a mod-
elling approach). Which relevant actors can be identified and what evidence for
their influence can be found? How do households interpret these influences in their
heating behaviour? The results presented in the following indicate that contacts
with family and friends play a major role and that consulting agencies and con-
sumer advice centres influence decisions on investments in insulation, for exam-
ple, to a great extent—due to the highly developed infrastructure of consulting in
InnovationCity Ruhr. The consulting organisations that were established when the
InnovationCity Ruhr was founded and engaging the local population to participate
apparently functions very well, as reflected by the large numbers of energy con-
sultations performed since then. It also shows that advice is also further diffused
through ego-networks.

Before results from quantitative and qualitative SNA are presented and inte-
grated, two examples of the collected network maps are discussed in greater detail
(Figs. 15.1 and 15.2).
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Relational attributes Symbols Symbol size
—» ego's advice (&) male large influence
- - - alteri relations (@) female @ smallinfluence
frequency of relations i institution
~—— atleast 1x per month (O same country
atleast 1x per year (O same town
less than 1x per year © same district

Fig. 15.1 Example of ego-network map household A, interactively drawn together with inter-
view participants (using VennMaker Software, Schonhuth et al. 2010; modified own depiction
based on these maps)

The network maps use the following symbols and sectors to represent ego-net-
works in the field of heating. The coloured sectors of the map symbolise the role
of alteri named by ego during the interview. In the green sector family and friends
were entered, the red sector covers neighbours, acquaintances and colleagues. The
blue sector represents institutional actors like consultants and media, while the
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Relational attributes Symbols Symbol size
—> ego's advice (&) male @ large influence
- - - alteri relations (@) female @ smallinfluence
frequency of relations i institution
= atleast 1x per month ° same country
atleast 1x per year (O same town
less than 1x per year © same district

Fig. 15.2 Example of ego-network map household B, interactively drawn together with inter-
view participants (using VennMaker Software, Schonhuth et al. 2010; modified own depiction
based on these maps)

yellow sector stands for actors from manufacturers and maintenance. The symbols
used for the alteri named by interview partners are circles and gender symbols for
human actors and squares for institutional actors. The size of the symbol repre-
sents the strength of influence. Placing the symbols on the concentric circles repre-
sents the emotional closeness to ego and the kind of lines shows the frequency of
contacts.
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Looking at the two examples above, they show quite different structures of ego-
networks in contacts about the topic of heating. In the example on the left side
many emotionally close ties with family and friends were named as influential
with regard to advice on or change of heating behaviour of ego, some of which
have strong influence (bold lines). As we will show below this network map is
in this way representative for many of the other cases. A contact to one neigh-
bour has stronger influence on heating behaviour as well, and several institutional
actors, namely energy consultants and representatives from InnovationCity and
the SusLab-project were named to be influential was well. In contrast, the net-
work map on the right shows that in this case most influence in form of advice
on heating behaviour comes from manufacturers, maintenance companies but also
some energy consultants. Possible kinds of changes induced by the influences
were covered in the qualitative interviews. The participants mentioned e.g. ventila-
tion behaviour, application of new technology (windows, smart home systems) or
higher awareness.

15.3 Quantitative Description of Social Networks

During the projects 23 households with altogether 216 social contacts have been
analysed. The social contacts have been described by characteristics circumscrib-
ing their influence on heating practices, their emotional, spatial and social proxim-
ity, the corresponding frequency of contact and sex. We asked participants with
whom they talk about their “heating” and which “influence” they have. We con-
sidered heating practices to be the everyday heating routine of the respondents. We
present the distribution of the alteri per dimension and dependencies between the
dimensions with respect to their influence on heating practices.

As such the alteri are completely distributed to each dimension. That means
that every dimension includes the complete number of alteri of the respondents. In
each dimension the number of alteri sum up to a maximum of 216 social contacts.
Some respondents brought up web and media to be a relevant source of informa-
tion. We deliberately did not exclude them from our analysis, but ascribed those
contacts a rather abstract and anonymous social role. In very few cases, some
respondents did not name any contacts. Those are treated as missing contacts and
do not show up in the final analysis.

The bar plot in Fig. 15.3 shows the number of alteri per specification of each
dimension. Most of the social contacts live in the same city, are family or friends,
but emotionally less close. The stated social contacts have a moderate to strong
influence on heating behaviour.

We thus hypothesise that emotional, social and spatial proximity are positively
correlated with the influence on heating practices. In order to indicate whether this
holds true, we calculated corresponding correlations between the number of alteri
in the relevant specifications of emotional, social and spatial proximity and their
influence on heating behaviour. We calculated Pearson’s r to get an idea of how
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Fig. 15.3 Number of alteri per dimension and specification (n = 216)

the number of alteri with a strong influence depends on the number of alteri being
friends and family, neighbours and colleagues, organisations and advisory agen-
cies, being emotionally very close, staying in contact at least once per month or
living in the same quarter. The correlation coefficient tells us the linear depend-
ency between two variables. If one plots the number of alteri having a strong influ-
ence on heating practices against the number of alteri with specific characteristics
as described above, Pearson’s r resembles the slope of a simple linear regression
between the two variables.

Table 15.2 shows the according correlations. We identified positive correlations
except for the number of social contacts being neighbours and colleagues and the
number of alteri having a strong influence. That means that the higher the number
of social contacts being friends and family, organisations and advisory agencies,
emotionally close with a frequency of contact of at least one time per month and
living in the same quarter, the higher the number of social contacts with a strong
influence on heating practices. The correlation between the number of friends
and family and the number of social contacts having a strong influence is rela-
tively high, whereas the correlation between the number of contacts in organisa-
tions and advisory agencies and the number of contacts having a strong influence
is relatively weak. The negative correlation between the number of alteri being
neighbours and colleagues does not imply that those have no or even a nega-
tive influence on heating practices. The coefficient rather indicates that the num-
ber of neighbours and colleagues have a moderate or weak influence on heating
practices.
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Table 15.2 Correlations of Characteristic of alteri Pearson’s r
a selection of characteristics -
. . Emotionally close 0.38

of social contacts with strong

influence on heating practices ~_Contact at least I per month 0.36
Living in the same quarter 0.37
Friends and family 0.52
Neighbours and colleagues —-0.23
Organisations and advisory agencies 0.16

Note Pearsons r between —1 and 1

Eventually, the univariate and bivariate description of the social networks of
respondents show that friends and family, social contacts that are emotionally and
spatially close with having relative high frequency of contact show a strong influ-
ence of heating practices. However, the bivariate description does not reveal any
interaction effects between the variables and thus offer a more causal interpreta-
tion of the findings. For instance, we don’t know whether friends and family truly
show the highest influence on heating practices or the influence of friends and
family is moderated by its emotionally and spatially close relationship. That would
be up to a more sophisticated multivariate analysis between characteristics of the
alteri and the influence on heating practices or a closer look at the single networks
in a more qualitative analysis.

15.4 Qualitative Analysis and Integration

In the following results from the qualitative interviews, conducted in parallel to
using the network maps, are analysed more closely for the cases conducted in the
course of SusLabNRW and integrated with findings from quantitative network
analysis. As shown above influence from family and friends is usually high, both
regarding the number of contacts (43 of 124 alteri named for the SusLabNRW
cases) and strength of influence (21 of 43 with high influence) as these contact
persons were often named as emotionally close. Often the interviewees stated that
they talked to family and friends about topic of heating more generally. When
family members or friends are planning to conduct renovations or construction
works, or if some members have professional experience in related fields, then
these persons were also contacted with regard to the topic of heating. In short,
three motivations for talking about heating to family and friends were found:

e persons with professional experience in the family or among friends,

e persons with higher expertise in a certain related area in the family or among
friends, or

e unfocused, casual talk.

Rather limited influence was found by the group of neighbours and colleagues,
to which 22 of the 124 alteri altogether named in SusLabNRW-cases belong.
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The strength of influence is also limited whereas 3 alteri of high, 9 of medium
and 10 of little influence were named. The interviewees mostly engaged in con-
versations about the topic of heating with neighbours when experiences were
exchanged or common interests were followed. With regard to direct or indirect
neighbourhood effects (e.g. Johnston et al. 2005) it showed that technical meas-
ures and behaviour applied by neighbours are observed but any influence on per-
sonal decisions or heating behaviour is rather denied or only indirectly admitted.
Heating is nevertheless considered a relevant topic between neighbours. Advice
from this group of persons is mostly accepted when neighbours have some exper-
tise in the field or work as handicraftsmen. Colleagues are more often contact
persons on this topic if ego works in a field related to heating or if the contact is
considered more close than just being colleagues.

Influence by consultants or organisations showed to be medium to high,
where 29 of the 124 alteri named come from this group of actors with 11 stated
to have high influence and 14 with medium influence on heating practices. Almost
all of the participants are positive about institutional consultants and the related
organisations are considered as trustworthy and good sources of more detailed
information. In the InnovationCity Bottrop a consulting infrastructure was built up
related to SusLabNRW and the project partner Hochschule Ruhr West (university
of applied science). Under these conditions consultations were almost exclusively
perceived as positive and InnovationCity and HRW were stated to have consid-
erable influence on participants. The InnovationCity serves to give impulses,
including consulting offerings on heating behaviour, to deal with the topic of
energy efficiency and sustainability more consciously and closely and activities of
InnovationCity cause that offerings of other organisations in the field of energy
efficiency are more actively used.

There is a medium to high impact on the part of maintenance companies and
manufacturers, 30 of the 124 contact persons belong to this sector of the network
maps and their influence was named with 17 of large and 10 of medium impact.
Manufacturers and maintenance are the executive body and especially give advice
regarding upcoming investments, less in terms of heating behaviour. Both posi-
tive and negative experiences are portrayed. The choice of a craftsman is often
stamped by the experiences of the environment (friends/family/neighbors) and is
associated with geographical proximity (see Cluster proximity), which seems to
be the decisive factor for households (time = money). In the Ruhr area however
several cities are close to each other which also enables households to choose from
other cities and, generally, the higher the reputation and specialisation of a com-
pany is it appeared that proximity becomes less important.

Media (print) and especially the internet play an important role next to per-
sonal contacts. Information is first searched for online and then the participants
stated to seek advice by consulting agencies or maintenance companies and offer-
ings by such agencies are found via print or online media. Nevertheless the influ-
ence was seen as rather low.

Taken together, three specific factors can be identified (Table 15.3).
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Table 15.3 Three specific factors identified as important to heating behaviour, from the
qualitative analysis

Trust/emotional As the quantitative SNA also showed, trust plays a very important role

closeness in implementation—craftspeople familiar with participants are chosen
or recommendations by family and friends are crucial (also negative
recommendations)

“Trust in yourself”: Own competences/ skills and (technical) knowledge
in the subject area are—if available—emphasized and used

Motivation Costs and comfort are the driving motivations for change (and also for
participation in the research activities). On inquiry, also environmental
aspects are named (rather suggestive)

When participants’ professional background is related to environmental
protection, energy efficiency etc. environmental awareness as a motiva-
tion for behavior change is in the foreground

Change of heating | The majority of participants stated there had been changes in behaviour
practices for themselves or in their network (7 of 11 cases in SusLabNRW) and
concrete examples were named. These affect: ventilation behaviour, appli-
cation of new technology (windows, smart home systems) and a different
way of heating and higher awareness

Reasons for change are taking personal action: professional advice was
sought (InnovationCity or other agencies), getting professional advice at
public events or as part of the research activities, technical novelties in the
house which cause higher awareness and reflection of own behaviour (e.g.
new windows or heating system) or problems that enforce change (e.g.
mold formation)

15.5 Conclusions

The mixed-methods network analysis could show important insights into social
influences on heating practices in the households, how and with whom participants
mostly talk about or seek advice on heating-related questions. It showed that net-
work analysis is an interesting and valuable method in Living Lab research. The
analysis could be extended employing more sophisticated methods of formal SNA
of ego-networks, such as structural holes analysis (Burt 1992) to show e.g. which
ties could bridge the different clusters and thus improve flow of information.
Furthermore, collected network data can also serve to inform agent based model-
ling approaches (see Jensen et al. 2015) to simulate the diffusion of energy-saving
behaviour.

With regard to results that can inform Prototyping in SusLabs, the relevance
of strong, emotionally close ties and the positive perception of institutionalised
consultation infrastructures are especially relevant. As much as strong ties were
named to have more influence on heating behaviour, trust appears to be decisive
for the effect of consulting agencies. Product-Service System (PSS) design, e.g.
the user-integrated development and testing of integrated sensoring and individu-
ally tailored energy consulting offerings, needs to take these aspects into account
more thoroughly. So far the apparently high relevance of building up trust in
good information and both emotionally and spatially close contacts are hardly
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considered for PSS design involving services close to the customer like e.g. con-
sultation infrastructures. In the German test region this was successfully imple-
mented in the InnovationCity, that is perceived as providing scientifically based,
reputable information and succeeded to motivate people to participate in the con-
ducted real-life experiments and often reflect personal routines more consciously.
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Chapter 16
Design Participation in Sustainable
Renovation and Living

Stella Boess

Abstract This chapter addresses resident participation in the renovation of
sustainable housing. Such renovation efforts aim to reduce greenhouse gas
emissions by reducing energy waste from heat loss. Resident behaviour after
renovation is a key factor. The residents may, for example, continue to keep
windows open in winter even though there is now a ventilation system. Aligning
renovation processes with the residents’ habits and preferences may therefore help
reduce greenhouse gas emissions. No process framework currently exists that
integrates resident participation with the renovation process. Design participation
is a social design approach that seeks to support collaboration between the
residents and the other stakeholders with design tools. This chapter shows how
design participation reveals opportunities to innovate on the stakeholder process,
as well as on technologies in the home. The examples arise from an education
project in which design students collaborated with residents to address pre-,
during and post-renovation needs as well as routine living. Each proposal reveals
challenges and possibilities for the renovation process and for home technologies.
The chapter maps the design participation examples onto the building
management cycle and innovation issues in it. Overall, the examples reveal
that there are still gaps to bridge between design participation thinking and the
current participation and innovation processes in this field. While the latter tend
to focus on agreements, being heard, and application of existing technologies, the
examples presented here showcase the potential of exploration and joint discovery
in promoting dialogue and innovation.

Keywords Design participation + Sustainable renovation -+ Social housing -
Collaboration
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16.1 Introduction

This chapter addresses the contribution of design participation in sustainable
renovation of social housing. The chapter does this by identifying resident needs
throughout the building management cycle and showcasing how early design
concepts address them. The aim in generating such early proposals is to give
residents’ interests more presence in the process of sustainable renovation. In
other words, the aim of presenting these design proposals is not only about new
objects, spaces, or processes. Rather, the aim here is to highlight the benefits of the
proposing itself. As stakeholders in sustainable renovation, we can benefit from
such proposals in innovation processes. Because design participation is not yet a
very common contribution to sustainable renovation, this chapter highlights the
learnings that can be derived from design proposals, in the form of possibilities
and challenges that arise from them.

The chapter draws on the author’s experience of being involved in a research
project that aims to develop a new technology configuration for sustainable housing
renovation. The author has been peripherally involved for 18 months at the time
of writing. The author has contributed research insights and conducted student
design projects also intended to contribute. The author’s background is primarily
in methods development in participatory design of consumer products, systems and
environments (e.g. Boess et al. 2011). The effort to realise design participation is
part of social design as described by Margolin and Margolin (2002), where “the
foremost intent is the satisfaction of human needs.” Social design asks: “What role
can a designer play in a collaborative process of social intervention?”’

The author’s involvement in this project led to learnings about the contribution
of design participation to the context of building technology innovation. These
learnings are presented at the end of the chapter.

16.2 Challenges in Participation

16.2.1 Participation in Sustainable Housing Renovation

Many recent publications have suggested that in sustainable renovation, an integral
approach is needed that involves residents. It should start from the issues that
concern them locally (Brouwer and Dijkstra 2010; Breukers et al. 2014). Pronk
(2014) states that a combination of raising awareness, coaching, new business
models, and intensive co-operation between stakeholders is required. Pronk also
advises to adapt the communication with residents to the local circumstances. For
Rotterdam, relevant local issues are for example flooded crawlspaces, security,
energy-poverty, and senior citizens and their care. Besides taking into account
local issues, the form of the process itself also influences successful participation.
A good relationship with tenants should be fostered ahead of any renovation
project, so that there is ease of communication at the moment that tenants start
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using the new energy systems such as ventilation or heating (Breukers et al.
2014). One of the key risks in sustainable renovation is that energy consumption
remains high after a renovation because residents do not understand or trust the
systems. The case in point is that residents often continue to open windows while
the heating is on because they do not trust the ventilation system. No written
instruction will change that. Only a good relationship beforehand and ample
collaboration after renovation can influence this. Additionally the user interfaces
of home systems such as ventilation and heating should be better designed.

16.2.2 Design Perspective

The currently available guideline documents for resident participation, such as
the examples cited above, are careful and thorough, based on in-depth research
and long-term experience. From a designer’s point of view, they still lack a view
on residents’ experience of life beyond the functional aim of lowering the energy
consumption of the resulting dwellings. There is little space for innovation in
which users co-design any of those systems to fit their lifestyles, daily habits and
preferences.

16.2.3 Design Participation

Design participation is, according to Lee (2008), defined as “bringing ‘everyman’
into the field of design” and has been so since the 1970s. Resident participation
in architectural design was seen as an economic necessity and a chance for
neighbourhood renewal, and it became part of government policies. Lee (2008)
presents a categorisation of the possible relationships between stakeholders
in change processes in residential architecture (Fig. 16.1). They range from
organisation-led, where residents are only research participants, to resident-led,
where organisations merely realise the ideas of residents. Because architecture is
a complex stakeholder process, Lee’s original term ‘designers’ has been replaced
here by ‘organisation’. By this is meant, the network of stakeholders professionally
involved in a renovation. This includes, for example, architects, building companies,
and housing corporations. The ‘user’ in Lee’s original figure is here replaced by the
‘resident’, because this is the key thing that defines them as residents, they reside.
Drawing on the author’ experience of current approaches to sustainable
renovation from the perspective of Lee’s (2008) overview, it can be observed that
the current approaches are filled with urgency and are developing useful tools
such as resident segmentation and service propositions (e.g. stroomversnelling.
nl). They seek to minimise resident involvement by shortening the process and
the period of actual renovation. Yet in their urgency they risk underestimating
the necessary consensus and trust building that will promote the desired energy
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Space of Purpose of Relationship Role of Role of
operation design between organisational  residents
participation  organisation stakeholders

and residents

organisation

Organisation's  The Masters/ Imagined
space organisation's authorities residents/
innovation \ representatives
goals
residents
Collaborative Collaboration Co-designers/ Co-workers/

organisation -
space facilitators partners
collaboration

residents

Collaborative Collaboration Stimulators Creative
space organisation people/
advisors
residents
Residents' The residents' Craftsmen/ Active clients
space own organisation builders
motivation )
residents

Fig. 16.1 Categorisation of relationships in renovation, based on the design participation
typology according to Lee (2008). In Lee’s original figure, ‘organisation’ is ‘designers’ and
‘residents’ is ‘users’

reductions. This consensus and trust can only be obtained if the residents are
accorded sufficient autonomy and participation, sitting at the table when the rules
are made (Lee 2008). Usually, residents’ wishes are represented in answers to
questionnaires. Conversely, here we consider what is of value to residents and take
their perspective: social housing is a context where people are at home, where they
experience small and big life events and feel more or less rooted. The home is
an important source of wellbeing and deep personal meanings (Chiu et al. 2014).
Going beyond questionnaires, “user research could become more creative for all
stakeholders including users if there is more professional designer involvement”
(Lee 2008). What does and could sustainability mean to residents, and what has
value for them, and how can we support this in design?

16.2.4 Contribution

This chapter explores the middle parts of Lee’s (2008) categorisation: the
possibilities for collaboration (Fig. 16.1). The chapter presents a set of early
concept design proposals that resulted from co-design processes of designers
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with residents. The proposals span a range of design possibilities for this context.
They serve to open up a space and inspire a broader and more design-oriented
interpretation of the participation process than is currently the case. They are all
small proposals each addressing a specific aspect of participation in sustainable
renovation, in order to open up new spaces for consideration. Following each case,
challenges and possibilities that it raises are presented. The intended contribution
of this chapter is to present such preliminary and tentative proposals as an oppor-
tunity to learn how design participation can be integrated in innovation processes
in sustainable renovation. The considerations presented are quite far removed from
the way decisions are currently being made in this domain, as will be seen in the
discussion. The integration remains a challenge yet to address.

16.3 Design Proposals

The proposals presented here were made by students in the 250-h project class
Exploring Interactions in the Design for Interaction Master at the Faculty of Industrial
Design Engineering at TU Delft. The projects were selected from two briefs:

e “My greener house: preparing for sustainable renovation. How can you as a
designer support a change of people’s living habits towards sustainability—
while designing for their values and needs?” Out of 18 student projects
responding to this brief, seven were selected for presentation here.

e “Promoting subjective wellbeing: appreciating the existing”. Pohlmeyer
developed this brief for the students based on her ongoing research into
wellbeing (Pohlmeyer 2012, 2014).

Even though the first group of students was invited to design for residents’ values
and needs, not enough of those projects fully made a step towards a positive
appreciation of residents’ lives and how they changed before, through and after
sustainable renovation. This is why an additional two student projects are included
here that had responded to the brief posed and supervised by Anna Pohlmeyer.

16.3.1 Overview

The design proposals are presented in the following, divided into four themes:
Before renovation, During preparation, Early use, and During use. Each of
the items under the headings represents one student design project that will be
featured further on below. They all revolve around the residents’ perspective,
here summarized as ‘pleasant living at home’. In order to learn from the design
proposals for the overall organisation of a renovation, the four themes are
presented in alignment with the four steps of a renovation process as seen from the
perspective of building management. Figure 16.2 shows such a commonly used
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building management cycle of Initiative, Preparation, Renovation and Use and
Repair (Wamelink 2009) (Fig. 16.2). This set of design proposals is by no means
complete—the figure immediately reveals that there are not many proposals for
the actual renovation part. This is because it was not possible for the students to
get access to this part of the process. In a new project, design participation in this
particular part of the cycle could as yet be investigated.

16.3.2 Before Renovation: Taking the Initiative/Being
Approached/Dreaming the Future

A building is in need of a renovation. Maybe as a resident you want to change
something about your surroundings, but you need to engage the building owner.
Or maybe a housing corporation wants residents to participate in choices about
comfort, liveability or sustainability. How to support tenants in developing
openness to possible changes?

16.3.2.1 Taking the Initiative with a Party-Set, A Proposal
by Sofia van Oord (Fig. 16.3)

What if ... you are a tenant, but you would like to change something about the
house because you have the ideal of making it more sustainable, for example putting
solar panels on the roof. Your landlord seems to show no interest in this direction.
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Fig. 16.3 Party-set to have a party and get organised to realise a sustainable renovation

But what if ... there was a way to make your neighbours enthusiastic, you
could search for financing, and you could even convince your landlord?

Sofia found a group of students who did just that. They organised the financial
support of former students, convinced the landlord and got the solar panels.

What if you had a party-set that enabled you to organise a party together with your
neighbours and friends, and where you could brainstorm ideas together on how you
could make your block more sustainable and how to get the money and support for it?
You can use all the materials that you made at the party to send letters to your landlord
and find funding. People love to do DIY (do it yourself), Sofia heard from residents.

A tenant Sofia worked with: “Then we can build it ourselves, that’s really nice!”

Challenges

e for tenants it is not easy to realise something big—but it is possible.

e people often lack accessible and trustworthy information about sustainable
building measures that are possible, affordable, make sense and provide
increased wellbeing.

e many effective renovation measures only work on a larger scale, difficult for
tenants to access.

Possibilities

e renovation is not just about the decision of buying technology, but also about
doing something together and achieving impact.

e wherever there is motivation, it can be supported through community-building
tools. An example is buurkracht.nl, which has been set up by an energy provider
but presents itself as a grassroots organisation. Tenants’ and environmental
organisations can also help.

16.3.2.2 Being Approached on Corporation Initiative with a ‘My
House’ Game, A Proposal by Rick Boellaard (Fig. 16.4)

What if ... your housing corporation approaches you and proposes a renovation.
You wonder what the benefit is, whether you will be saving money or whether it is
affordable at all. Maybe you worry about other things that are more important to
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Fig. 16.4 ‘My house’ game board to look ahead to the renovated home experience

you than your house, such as relationship or money problems, or you worry about
furniture and other things in your house that have to be moved around in case of
a renovation. A tenant Rick spoke with said: “I feel like I lack the knowledge of
making a good decision about the renovation™ .

And a housing corporation wonders: “How can we reach the tenants?”

What if there was a playing board that the housing association made available.
You could use it to see the new situation and be inspired by it. The game feels
personal, enriching, and inspiring because you can apply it to your own living
situation. In the game, you can lay pieces on a board that represent the technical
possibilities of your house and your personal living situation. This way, you would
be able to express your main priorities. You could also use this to talk about how
the renovation would affect your personal situation.

Challenges

e the best process of approaching tenants is higly dependent on local
circumstances and issues. A game can support it once initial collaboration has
been established.

e the technical effects of nieuw house technology and systems are difficult to
represent in abstract form.

e tenants tend to have little trust in housing corporations and their
communication, especially if buildings have not been maintained well.

e many tenants would like to save energy and are perhaps environmentally
conscious. But they find it more difficult to think in larger measures than e.g.
switching lights off. Much more is possible, but that is difficult to imagine.

Possibilities

e For residents, their home is not just about energy. Make energy about the home
and the neighbourhood, the quality of it and the quality of life in it.
e Devise communication means that bridge the technology and knowledge gap.
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e Use participation moments to push the frame and think about the future as well
as the present.

e When the aim is to achieve ‘no regrets’ (doing a renovation so well that it saves
energy and money for decades to come), this requires a few thinking steps
from tenants, and quite some time to get used to the idea. Next to actual model
houses (and also in them), games, scenarios and related services are means by
which residents can get more familiar with possible energy measures and their
effects.

16.3.2.3 Dreaming the Future with an Extreme Scenario Game,
A Proposal by Anton Garrigue (Fig. 16.5)

Sometimes it is useful to think in extreme ideas first in order to then come up with
insights that are practical and close by. It is not just a house that makes up a home
and a neighbourhood. Residents could learn to think of their neighbourhood and
their city as something they can influence, even play with different ways it could
be. A neighbourhood is not just a location but also a network of transport modes
and these are intricately linked with people’s experience of their home.

What if together we could develop a very futuristic scenario, in order to
discover unexpected possibilities of how we could do things differently? For
example, what if cars and bicycles were completely shared? Say there was only
one type of car, and it carries bicycles. You can call it via an app, and while you
are using it, others could take a bike from it or return a bike to it. You could switch
your mode of transportation at any time. Apps provide coordination. The freedom
to move around in each way you want at any moment is more valuable than
ownership, and streets would gain all the space vacated by cars.

Residents that Anton spoke with, said when playing the game:

I would tend to take my bicycle more with car sharing.

Car sharing makes me feel more social, free and connected to the city.

Fig. 16.5 Games to develop very futuristic scenarios together to learn from
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Challenges

e Residents perceive the liveability of their surroundings not just in terms of their
dwelling, but also of the neighbourhood. Often, cleanliness and usability of
the neighbourhood even determines residential satisfaction. In any renovation
process, therefore, it is useful to take those along.

e As citizens we are not used to thinking in urban scenarios. We tend to be
busy with our own lives, and we perceive the city mainly in terms of our
needs (Meesters 2009). But the street, the neighbourhood and the city change
continually, also in people’s experience. This means it is necessary to listen well
to their concerns.

Possibilities

e Co-creation and city games are ways to start thinking in scenarios.

e New lifestyles and technologies bring potential for new ways to organise the
city, for example from grassroots level.

e Every routine daily activity harbours the potential of change. The challenge for
a neighbourhood or city is to find the right balance between supporting routine
practices, necessary for survival and wellbeing, and variations or disruptions of
these practices—that we also need.

16.3.3 During Preparation: Valuing/Seeing the Familiar
Anew

Say you are living pleasantly at home—everything is as usual. Gradually you
get so used to the things around you that you do not even notice them anymore.
Without you even realising it, your experience of your daily life gets shallower.
The two proposals presented next arise from the brief “appreciating the exist-
ing” given by Pohlmeyer (2012, 2014). We can become more aware of our home
environment and neighbourhood, and discover the value for ourselves. This can,
indirectly, lead to energy saving, as the examples will show. Wellbeing should always
come in first place. After all, sustainability is about long-term wellbeing (Boess and
Pohlmeyer 2016).

16.3.3.1 Valuing What You Have with Maintenance Kit ‘RElove’,
A Proposal by Felix Marschner (Fig. 16.6)

Think of something that you have acquired and that you love, that makes you feel
happy. For example, a favourite pair of sneakers. Gradually, though, they start to
feel less new and give you less satisfaction. There are even other shoes you once
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Fig. 16.6 Maintenance kit ‘RElove your shoes’ to foster appreciation

loved around still, that have perhaps gone out of fashion. Fixing them up again
would cost you time and you already have so little. But getting rid of them does
not feel right, either.

What if there was a way you could appreciate things you own more in your
own home? And if this way also gave you calm and strength to lead your busy
life? Say there was a toolkit that enables you to build an emotional connection
to things you own. For example, your shoes. Would you wear them for longer,
even if the fashion has changed? The shoe cleaning box contains a number of shoe
caring products and tools. The tools are designed in such a way that the process is
not quick but actually slow, and that it becomes a concentrated, detailed, almost
meditative activity. Felix’ research showed that people like doing that. He asked
residents, after letting them try out the shoe cleaning box prototype for a week,
how they liked it. They said:

It felt purposeful and pleasant to do.

It was slow but also more precise. It was a nice thing to do.
Challenges

e Sustainable technologies for the home often fail to result in the expected energy
savings because people use them differently than expected or do not take care of
them well.

e Few innovation ideas related to sustainability take into account the necessary
care and devotion to keep domestic systems, but also any items you own, up and
running and valuable.

e There is often a tendency to make things as fully automatic and maintenance-
free as possible, and avoid any involvement of the user. After all, who would
want to take care of and maintain an ugly ventilation system that has no
inherent part in one’s daily life?
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Possibilities

e [t is possible to create designs that do the opposite of the above ambition of
being maintenance-free. Create designs that make it attractive and pleasant
to take care of something. For example, by raising the value of a cleaning kit
through aesthetic design. Furthermore, by devoting attention to the actual
cleaning actions that a person will carry out.

e As in the example of the shoe cleaning kit, it may even be possible to make this
a meticulous and painstaking activity, inviting you to prolong your engagement
with the shoe and the activity. This way, it ceases to be a household chore
to be squeezed in on the fly, and instead becomes an artisanal activity, in its
painstakingness a source of satisfaction, pride and attachment.

16.3.3.2 Seeing the Familiar Anew by Rediscovering Your Everyday
Route with ‘Explordinary’, A Proposal by Julia Mattaar
(Fig. 16.7)

Say that you have lived in your house for a few years. You are more or less com-
fortable and happy there. You have your daily routes to the shops, the park or the
local playground—in short, your neighbourhood. You have grown so used to how
things are that you hardly notice anymore how things gradually change, or how the
neighbourhood looks to you.

What if there was a way you could appreciate your environment more while out
on the streets or on your way to work? Say there was a simple app that offers you a
theme every day. It challenges you to find something in your environment that fits
this category. The themes help you focus on things you would not normally see. You
can also see pictures taken by nearby users for the same category. After completing
20 themes, you can order a set of postcards with a selection of the taken pictures on
it. You can keep the cards as a physical memory, or send or give them away.

| ExprLORBDINARY

Fig. 16.7 App and postcard service ‘Explordinary’ to see the familiar anew
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Challenges

e In daily life, we tend to accept things as they are. In fact, if you add something
to a home or a neighbourhood, people sometimes experience it as unpleasant,
because it requires them to invest thought into whether it is a good thing or
not. To be on the safe side, complaining is then the safest initial reaction
to make sure you do not get pulled into something you do not want. This is
how complaining can come to be the most accepted, ‘normal’ style of
communication on the dwelling or neighbourhood level.

e This form of communication is often, then, a disguise for the question for more
information. However, it leaves little room for exploration because it fixates
people in a yes/no pattern. Any dynamics of change will have a negative starting
point, or a positive starting point that may feel enforced, for example if it is part
of a marketing strategy.

Possibilities

e Reflecting on our environment helps us to open up our perspective on it, on our
daily experience of our neighbourhood, our house and ourselves.

o Ideas that like the inspiration above, that enable people to see the well-known in new
ways, should be introduced in an authentic way, and people should be able to choose
them themselves and adapt them, and perhaps even create them themselves.

e Communication media have the potential of subtly introducing another
paradigm of communication. If people have the opportunity to gain a
perspective of their own and insights via a medium like this, they are better able
to then contribute their own values and ideas to processes in which many parties
have a stake. Such as renovations or other neighbourhood improvements.

16.3.4 Early in Use and Repair: Learning to Live
with the New Home/Learning to Actively
Embrace a New Home

Taking a moment to reflect on comfort and wellbeing in your home helps to make
the new environment your own. It helps being more open towards the experiences
in it, and it brings ideas on whether this is what you want, or what you would like
to change. This is how you can create your very own comfort (Strengers 2014). A
good moment to do this is when something recently changed about your house.

16.3.4.1 Learning to Live with the New Home with ‘The Pebble’,
A Proposal by Justus Kuijer (Fig. 16.8)

What if ... you get some new technology in your home, either you have bought it
or it has been arranged for you. It feels new and pleasant, and it changes your life
a little bit. For example, a new floor heating system. It is pleasant to the touch of
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Fig. 16.8 ‘The pebble’ enables you to see and feel what your heating is doing

the foot and you do not need to turn it up much to feel warm. But you are often not
sure whether it is heating up or cooling down. The only place to see that is a box
on the wall. So how can you develop your habits with it?

What if you could directly influence the warming up or cooling down of your
new floor heating, and if you could see and do that from anywhere in your house?
What if you had something that enabled you to see and feel what the heating is
doing? The pebble lies in your house. When the heating is warming up, it glows
red. When the heating is cooling down, it glows blue. When the heating holds
the temperature, it glows green. This way, you not only get the information that
it will be nice and warm very shortly, or nice and cool. You also have a tangible
presence of the heating, just like people had a tangible presence long ago with
a fire in a hearth. A resident about Justus’ concept: “Interacting with the pebble
feels reassuringly familiar. I want to play with it, but because it is such a beautiful
shape, I also like to just hold it and feel how it’s warming up.”

Challenge

e Domestic systems, especially comfort systems, do not always respond directly,
because the underlying processes like warming up require time. So people end
up turning up systems too high, because they have nothing tangible that they
can integrate with their habits and needs.

Possibilities

e Make appliances and systems amenable to experience in terms of what they are
doing and how you can influence your home environment. Make it visible and
tangible.

e Design form and behaviour of systems in such a way that people can integrate
them in their habits and preferred behaviours. For example, make it possible to
carry something around in the house but also be easily found, make it intuitive
to grasp, and give it a presence but also a passivity so that people can find their
own ways of interacting with it.
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16.3.5 Inspiration: The Welcome-Box ... Is Your
Personalisable Lamp

16.3.5.1 Learning to Actively Embrace a New Home
with the Welcome-Box Lamp, A Proposal
by Staffan Till (Fig. 16.9)

What if ... you move into your new house, or a renovation has just been done,
or it is just a special moment in your life. Perhaps you have done little with your
home so far, or you are not attached to it because you don’t know whether you
want to stay there for a long time.

What if you are a resident, and a welcome-box was waiting for you or was
handed to you by the building owner. In it, you find a lamp with a lampshade to
help you get started in your new home. The lampshade is easy to adjust to your
own preferences, and you can use it to create a pleasant light in your new house. A
resident that Staffan spoke with:

When I spend more time on personalising my home, I feel more attached to it.
Challenges

e Many home systems function in ways not directly accessible for residents.
People who have little attachment to their house, or who have little affinity with
manipulating items in the house (for example, not feeling competent), are not
inclined to change anything about their house.

e A house needs some investment of care in order for people to feel ownership.
People who have little attachment, have little motivation to take care of things
well and create good living conditions for themselves. This can lead to people
tolerating bad functioning of systems, or not even noticing if something is not
pleasant.

Fig. 16.9 The welcome-box that you turn into your personalised lamp
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Possibilities

e Create opportunities for the adjustment of objects and systems in the home to
one’s desires, in order to foster attachment.

e Those adjustments should make a use value apparent, for example a more
pleasant quality of the light or something that warms up. This in turn means
that people will experience making adjustments as something positive, as a
possibility they discover, that they could integrate into their habits. This can tip
the balance towards noticing energy waste in their home (for example a heating
that is on high for too long) and to adjust it.

16.3.6 During Use and Repair: Breaking Habits/Creating
Habits

Much of living at home is habitual. Some habits come and go. Some slip away.
It is a relationship that needs to be maintained, and sometimes tweaked. You like
to live well, you also try to keep a check on costs, and it is not easy to always
keep everything in view. Energy saving is also not the most important part of your
life. It would be nice if that aspect of life took care of itself sometimes, or if it
was pleasant to do in itself. After all, you can set an alarm to go off at a certain
moment—why should other things not help you a little?

One might ask which role this plays in a renovation. One of the key issues in
sustainable renovation is that actual energy savings turn out to be less than can
be expected. A suspected reason is in people’s habits. To address this, it is key to
support people’s habits already from the initiation stage of a renovation.

16.3.6.1 Breaking Habits: Designing Kids’ Gaming into Daily Living
with a Playful Lamp, A Proposal by Daniela Passa (Fig. 16.10)

Current sustainable renovation initiatives have begun to focus on households and
household types, but not much yet on the needs of specific household members.
Teenagers are a group that is often said to be unreachable about energy saving.
Daniela went to speak to teenagers at school and at home, and developed design
ideas with them. It turns out they like to use new technology to interact with the
home. For example,

I would love to control the light from my I phone, it would use less energy

Also, teenagers are still developing their habits and often do not realise that
home living uses up resources.

My mother asked us to consume less water, she was controlling us everyday to not turn it
on too long, or to waste it. Now I still think of what she said and my behaviour changed.
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Fig. 16.10 A playful lamp to break energy-wasting habits, co-developed with kids

What if the awareness-raising of energy use was built into objects of daily use
in a playfully challenging way? For example, what if there was a lamp that uses
the interaction to convey its meaning in a natural metaphor (tree shape). If the
light is left on unnecessarily (the lamp can see that no one is in the room), it drops
leaves. And it teases the user by staying off for a few minutes. It cannot be turned
back on fully until you have given it back its leaves. It continues to excite and
tease with its presence, giving teenagers the feeling they can finally touch energy
with their hands. That creates a learning effect.

Challenges

e Some aspects of wellbeing in the home are connected to behaviour. Whether
it is about living together in harmony as in the example (teenagers and their
parents), or about energy waste, as with lights that stay on unnecessarily. A lot
of research is currently being conducted into behaviour change and ‘nudging’
(Thaler and Sunstein 2008) or persuasion (Fogg 2002). It has turned out,
however, that these approaches, embedded into products and services, often
have only incomplete or shortlived effect.

e Nudges and persuasions are entertaining for a short time, but can soon be
experienced as annoying or forcing. Even more so if they do not come from a
source socially connected with the person being addressed. A parent is, but a
persuasive product is not and is likely to be discarded. Good awareness of the
social context is key in designing persuasive products.

Possibilities

e Activating techniques such as persuasive products can have a transferring effect
on a person’s beliefs and habits. They can contribute to character forming (Boon
etal. 2015). For that it helps if the interaction is connected to people’s social
lives.

e Persuasive objects and services can punish or tease in a playful way. This
enriches the interaction, just like a game of tag is fun (Fokkinga and Desmet
2012).
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e The objects and coercive techniques themselves should be transient in people’s
lives. They should either be able to change with people or, like novelty toys,
they should be easily acquired and easily passed on to someone else.

16.3.6.2 Creating Habits: Designing Support into Daily Choices
with a Decision Tree for Fruit, A Proposal by Elske van den
Ende (Fig. 16.11)

We tend to overestimate our abilities to make rational, informed choices about
aspects of our lives. For example, we neglect to take care of our pensions, we
eat things we do not intend to eat, and we get overwhelmed with food shopping
decisions on a busy day. No amount of information can help here. Only hints
that can be acted on at the very decision moment can ultimately sustain good
decisions. Strong hints are for the short term, which is why the example given here
is for a canteen campaign rather than for the home itself.

What if there was a beautiful, encouraging yet also teasing way to support
you at the very moment of making a decision? For example, what if there was
a display at the canteen presenting fruit. The most sustainable fruit (e.g. locally
produced apples) is presented in the most attractive light, and you get cheers
when you pick one of those. If you pick a non-sustainable banana (longest travel
distance), however, you hear a booing sound.

Fig. 16.11 ‘Decision tree’, a display for fruit that seeks to influence your choice
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Challenges

e Only few people will themselves buy products to influence their habits such as
home energy management systems.

e A conspicuous product like the ‘decision tree’ in the example teases and
amuses, but can also feel annoying soon, making such products only suitable for
temporary campaigns.

e [f you accord this much initiative to a product, it needs to be designed carefully
to prevent unexpected side effects. To give an example, that staff would start
protesting against it as a nuisance.

Possibilities

e A good opportunity to introduce such stimulating products as the fruit decision
tree is at locations such as supermarkets or canteens, as a part of advertising
campaigns. New inspiration and also short-term provocation is more easily
acceptable in such contexts. It might even become an inspiration for people to
think up provocations of their own.

e Products such as the fruit decision tree can stimulate people to form new habits.

They have an initially engaging and fun effect, and create a lot of attention within
a neighbourhood or work environment. If it is possible to change choices made
once, this might also affect the choices people make at home, because of increased
familiarity with this new possibility and intuitive and practical learning of the new
choice.

e Products with ‘a will of their own’ also have the potential to become an
accepted presence in a home or other environment if they are able to adjust to
people’s lives, including the changes and subtle variations in them. An option
is to acquire such a product via a rent-construction, in which people do not
become owners of products but use them as part of a service. That lowers
the barrier that would come with a purchase, and enables people to pass such
products on.

16.4 Discussion

This chapter has presented a number of design proposals. Their presentation
serves to showcase the possible contribution of design participation in the
building management process. The proposals are as yet quite far removed from
the current forms of collaboration with residents in this domain, as we will see in
the discussion. This integration remains a challenge yet to be addressed. It should
be noted that a key aspect we hope to bring across here, is not the specific content
of each proposal, but the value the proposals reveal for the stakeholder process in
sustainable building renovation. We argue that learning from the challenges and
possibilities in these proposals reveals this value. We articulate resident statements
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as well as challenges and possibilities that arise from the proposals as insights.
We presented the proposals as exemplars of design participation (Lee 2008). We
have shown that design participation is a vehicle for insights and decision-making
in renovation planning. In the following, a short reflection on the relevance of the
presented proposals to the processes in renovation practice is presented. In this,
the author makes use of published accounts and evaluations of processes (e.g.
Sijpheer et al. 2015) as well as first hand experience of a renovation technology
innovation project with building industry stakeholders.

16.4.1 Gaps to Bridge

The gap between design participation thinking and stakeholder processes in
sustainable building appears wide. The innovation process for sustainable housing
technology allows little space to consider the various potential implications for
the later use situation in depth, as was done in the proposals. A sense of urgency
leads to the desire to make decisions quickly and not re-consider them. Decision-
makers look towards abstract rather than concrete supports for decision-making.
These are, for example, matrices, calculations, and technical drawings. Lee (2008)
explicitly mentioned the gap between abstract and concrete as a key dimension
separating designers (or planning professionals) from users. The abstract and
concrete can be bridged, but this has not yet become part of the planning processes
of the building industry stakeholders. Planning processes and participation
processes are very different and hence difficult to connect.

16.4.1.1 Abstract Versus Concrete

There is little space in the building planning process for the use-oriented design
thinking exemplified by the proposals presented here. Current co-design processes
in practice tend to mean giving the user a limited number of choices to generate
a feeling of involvement. During the innovation project the author witnessed,
the discussions on technologies remain abstract and are conducted in a neither
visual nor experiential way. An attempt to bring more of this into the stakeholder
process via a set of workshops was graciously accepted but not taken any further
afterwards. There is still a need for new tools and some rapprochement between
disciplines for this process to get any closer to including design participation.

16.4.1.2 Consideration of the User Interfaces

During the entire process in the aforementioned building innovation project, the
future user interfaces of home systems are never addressed. They are seen as an
afterthought, to be provided by installation suppliers to finished homes. Individual
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project members address this issue occasionally, but it is not part of the structural
process. There are careful and thorough resident participation processes in place
(such as Brouwer and Dijkstra 2010), mentioned previously. However, these tend
to follow the same paradigm of fixed technology to be used correctly, rather than
technology being built up around residents’ lives and ways of using technology as
part of their lives. This is in spite of it being well known by now that key problems
to achieve energy neutrality arise from use problems with interfaces (Breukers
et al. 2014; Chiu et al. 2014).

16.4.1.3 Solution-Oriented Design

The stakeholder team in the innovation process experienced at first hand considers
every solution as the definitive solution to be implemented. This might be due to
project delays. However, the time pressure was applied from the start to ‘just tell
us what the users want’. It may be the way of thinking of the stakeholder team.
This puts stress on the stakeholder process, since every decision carries much
weight. The team is not taking a design thinking approach to interim solutions as
learning opportunities, and opportunities for design participation.

16.4.1.4 Focus on Agreements and Being Heard Versus Exploration

Current participation processes (e.g. Brouwer and Dijkstra 2010; Breukers et al.
2014) tend to focus on agreements and being heard. The examples shown here
have proposed a focus on exploration and joint discovery. This focus can help in
developing dialogues on what we would want to change and how that change can
be integrated into the concerns of our daily lives. What if we could have it easier
and more pleasant and more secure in our lives—and what do we think is easier,
more pleasant and more secure, in the first place?

16.5 Outlook

This chapter has suggested that we can learn to evaluate design proposals in terms
of the insights they provide on challenges and possibilities. There are challenges
ahead in integrating design participation in innovation processes in sustainable
housing. Often, when discussing sustainability, we lack ideas and cannot get much
further than solar panels or water stops for the tap. Rather than proposing and
evaluating specific solutions, this chapter has sought to open up the discussion and
promote a broad joint exploration of possibilities.
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Chapter 17

Supporting Iterative Research

and Design Explorations in the Living
Lab Context

Tomasz Jaskiewicz, David V. Keyson and Jantien M. Doolaard

Abstract This chapter presents an approach for organising research and innovation
in the Living Lab context, where context research instruments, as well as conceptu-
alised, developed and tested prototypes are integrated in one hardware and software
platform (BOCS platform). The BOCS platform allows collecting of sensor and
building management data, self-reporting of subjective information by users and pro-
viding feedback to users through a variety of channels. By this, the platform supports
iterative cycles of context researching, co-creating, implementing and testing of solu-
tions. The initial goal for the use of the platform is to enable creation of solutions
aiding office occupants in improving their comfort while reducing building energy
use. This goal is attained by enabling iterative identification and a gradual build-up
of in-depth understanding of involved social practices, and incremental introduc-
tion and evaluation of ways to support the change of these social practices through
monitoring, self reporting and feedback in office environments. The chapter outlines
the organisation of the proposed process in detail. The approach is further positively
evaluated based on the outcomes of a preliminary case study. It is finally suggested
that in the future the approach may be applied to other Living Lab situations where
complex challenges are faced and fast results are expected.

17.1 Introduction

A Living Lab can be broadly defined as “a real-life test and experimentation envi-
ronment where users and producers co-create innovations” (ENoLL 2015). Living
Labs enable and support “concurrent innovation” processes (Mulder and Stappers
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2009). In such processes users play a central role and all other key actors are
actively involved. In this way, concurrent generation of fundamental knowledge,
improvement of technology and creation of innovative solutions are supported.

The common perspective towards living labs is to consider them as testbeds
that support design researchers in developing deep understanding of the context
and user interactions with existing and newly designed products and services.
Although living labs have been approached as dedicated, space-bound facilities,
considered to be labs where users can live for some period of time (e.g. Intille
et al. 2005) there is an increasing trend to also treat real-world context situations
as living labs, without strictly defining their physical boundaries and without
requiring permanent facilities of a dedicated laboratory.

In this respect, Living Labs offer a unique opportunity to explore approaches
for behaviour change in a broadly considered context, and to develop solutions
that not only facilitate or discourage specific user activities in isolation from each
other, but that holistically support change of entire, highly complex social prac-
tices, ensuring lasting behaviour change. However, combining living labs with “in
the wild” research and design, brings a challenge of a lack of research and proto-
typing instruments in highly complex real-world contexts, and poses many organi-
zational challenges in respect to time and resources that living lab studies require.

The approach, methods and tools presented in this chapter have been developed
for the Building Occupancy Certification System (BOCS) project, which is part of
the Building Technologies Accelerator (BTA) program of the European Climate
Knowledge Innovation Community (C-KIC). The BOCS project aims to com-
bine research with development of market-ready solutions that support reduction
of CO; emissions from office buildings through occupant behaviour change. The
BOCS platform has been developed to facilitate development of such solutions.
The resulting approach presented in this chapter provides a new way for organis-
ing research, innovation and implementation of solutions in a living lab context,
which allows parallel execution of research and innovation, providing new oppor-
tunities for addressing the challenges of social practice change. The approach is
organised around the BOCS platform, which is a software and hardware platform
supporting performing of objective and subjective measurements in context, pro-
viding feedback to users, while also allowing easy modifications and addition of
features by employing a modular system architecture.

17.2 Social Practice Change for Energy-Conscious
Office Occupancy

Presented approach assumes a broad perspective towards changing energy use
practices. Social practices can be defined as “broad cultural entities that shape
individuals’ perceptions, interpretations and actions within the world” (Hargreaves
2011). In discussed research, social practices of occupants are considered not only
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in relation to their impact on energy use, but also in respect to occupants’ comfort
and well-being, as well as other, difficult to anticipate aspects of their daily work
routines. Altogether, this provides a holistic perspective serving as a foundation
for implementing lasting behaviour change, where designed solutions may become
embedded into individual routines and habits of occupants and are enforced
through social interactions.

Social practices can vary largely. Even within one office space, occupants can
engage in very different activity patterns, originating from such factors as their
work experiences, cultural backgrounds, family context or individual lifestyle
preferences. At the same time, office occupants influence each other’s practices,
and oftentimes new practices unique to a given office emerge from social interac-
tions among people. The ways in which office practices form and transform are
complex and involve people’s lives outside the offices. Therefore, in order to effec-
tively support people in shaping their social practices towards higher sustainability
and improved comfort, an in-depth understanding of the opportunities for change
is needed. These opportunities may relate to the existing work organisation and
social-cultural aspects, as well as involving the physical environment, including
the building technology. An additional complication here is that social practices
related to comfort and energy consumption may differ not only across short time-
scales of a workday or a weekly work rhythm, but due to varying weather and
sunlight conditions radically change across seasons. Consequently, the required
research, design and development of solutions aimed at supporting behaviour
change in the context of social practices is time consuming. A typical sequence of
steps would traditionally begin with surveying the context and identifying prob-
lems and opportunities, which in this situation requires studying of office prac-
tices during all seasons. The following step of designing one or more solutions,
and testing them, traditionally can require another year of work, and may lead to
additional research questions, requiring another extended context study, leading in
turn to new design requirements.

17.3 Iterative Context Researching, Conceptualising,
and Implementing Solutions Using the BOCS
Platform

The presented approach aims towards researching office occupant social prac-
tices, as well as designing, developing and testing solutions for improving these
practices, all of which are supported by a dedicated BOCS platform. The BOCS
platform consists of sensor and self-reporting devices, optional feedback devices,
online interfaces, and a back-end for collecting and processing gathered data. The
BOCS platform combines aspects of a research instrument, namely a research
toolkit for monitoring subjective and objective parameters of offices (includ-
ing hardware devices such as sensor nodes, or self-reporting devices, as well as
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Fig. 17.1 The presented
approach is organised around
an iterative cycle involving co-creating
context research, solution solutions
identification and solution
implementation. The BOCS
platform plays a central role
as a research instrument and
enabler of social practice
transformation

monitoring,
self-reporting &
feedback in living
lab context
(BOCS platform)

context implementing

researchini/\ solutions

software self-reporting interfaces), a kit of parts for exploring solutions for sup-
porting occupants in changing their practices (including extensions to sensor
nodes and self-reporting devices, and modular interface elements that can be
added to the front-end interface), and the foundation of a system to be deployed
as a long-term solution to support the target group in maintaining or improving
energy and comfort-related office practices.

With the BOCS platform, user research and testing, generation of new solu-
tions and their implementation are performed iteratively, as shown in Fig. 17.1.
The BOCS platform can be seen as a continuously evolving prototype designed
in context (Coughlan et al. 2007), driving change by permitting insights into the
office context, supporting identification of new opportunities, their implementation
and validation. Performing the process iteratively allows an ongoing validation of
explored solutions and their continuous improvement based on otherwise impos-
sible to predict effects that these solutions may induce on complex social practices
of office occupants.

The BOCS platform has been based on the Living Lab infrastructure devel-
oped in the SusLab project (www.suslab.eu). However, as part of the BOCS plat-
form, this infrastructure has been redesigned to support the system’s flexibility
and ability of fast adaptations regarding types of collected data, types of sensors
used, types of self-reporting interfaces, and to support rapid development of con-
text-specific screen-based, as well as physical feedback interfaces, as shown in
Fig. 17.2.

The sensor and self-reporting device hardware has been developed using mod-
ular electronic components. These components in combination with a system of
rapid-prototyped enclosures permit production of small batches of fully custom-
ized devices, attainable to be produced in the timeframe of several days. A simi-
lar approach has been taken for the online feedback interface in which “monitors”
have been developed as modular interface elements, which can be assembled into
a custom dashboard for each specific user, based on ad-hoc determined require-
ments (Fig. 17.3).
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Fig. 17.3 The BOCS platform uses modular sensors and physical self-reporting elements (left)
and modular screen interface elements (right) to allow fast prototyping of working and fully cus-
tomized monitoring and feedback system solutions

17.4 Context Researching and Testing Solutions

Assuming an iterative approach requires the context researching and testing activi-
ties to be performed in a short timeframe, such that their repetition may gradually
build up acquired knowledge through consequent process iterations. The aim of
the research has been defined as identification and assessment of office practices
that influence comfort and may cause wasting of building energy. The steps of the
research activities in the process have been assumed to be the following: (1) iden-
tification of comfort-influencing and energy-use-impacting practices via observa-
tions, interviews and surveys, (2) analysis of the identified practices in relation to
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implemented solutions for climate sensor monitoring, self-reporting of subjective
factors by office occupants, and feedback, if present, based on additional obser-
vations, interviews and surveys, (3) normalisation of the findings using a shared
format for description and comparison of practices, (4) identification of practices
that can be improved, and (5) evaluation of changes to practices and of the role of
implemented solutions, if any were introduced in the previous cycle.

In step 1, a contextual questionnaire aimed at analysing key social practices
and the subjective perception of comfort and energy in the workplace is admin-
istered. A timeline, which is part of the questionnaire is filled in by participants,
as shown in Fig. 17.4. The step also includes encoding observations performed
by a researcher in-situ and a post-observation interview format for verifying these
observations.

WHAT DO YOU DO AT WORK?
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Fig. 17.4 An example of a timeline filled in by occupants as part of a contextual questionnaire
(top), and indoor climate sensor readings from a typical workday, measured in one of the studied
offices (bottom), through the correlation of which researchers and occupants can understand the
reciprocal relationship between their comfort, actions and indoor climate parameters



17 Supporting Iterative Research and Design ... 233

The evaluation of comfort and energy use related practices (step 2) requires a
more in-depth investigation than can be gathered by observations, interviews and
questionnaires alone. Through traditional means such as qualitative interviews and
videos, Bazley (2015) identified temporal and dynamic aspects of comfort. For
example, comfort was found to vary depending upon the time of day and day of
the week. To this extent, the in-situ self-reporting methods combined with quan-
titative sensor measurements in the office environment further expand the reper-
toire of current techniques for subjective comfort measurement in the workplace,
including use of questionnaires, interviews and video analysis.

In the initial version of the BOCS platform, a combination of sensors meas-
uring CO; concentration, humidity, sound levels, temperature, light intensity and
movement were used. The combination of subjective and objective data contrib-
utes to capturing the influence that specific actions have on the office environment,
how these actions build up practices of individual users and how these prac-
tices become social practices. This in turn allows to understand the relationship
between participants’ actions, social practices, participants’ comfort and buildings’
energy use (Lockton et al. 2013). To further analyze findings from the objective
and the subjective measures (step 3), a template was developed which includes the
materials, meanings and skills involved in the practice (Kuijer 2014). However,
the template continues to undergo further revisions, towards developing a method
of comparison of practices in respect to their contribution to comfort and energy
saving. Initially such comparison has been performed through a time-consuming
expert reviews, however in the future may be accelerated through the use of a
standardised format (step 4). Evaluation of iteratively implemented solutions (step
5) begins from the second iteration on and involves the comparison of changes in
practices across iterations, and comparison of practices between co-creating build-
ing occupants, solution testing building occupants and a control group of build-
ing occupants not involved in co-creating or testing activities. The repetition of the
researching activities at least once per season, allows to address the variation of
practices depending on seasonal weather conditions and associated social factors.

17.5 Exploring and Identifying Solutions

Identifying and analysing social practices in office environments and their rela-
tionship with occupants’ comfort and buildings’ energy consumption provides in-
depth insights into the present situation, and allows to pinpoint specific aspects of
these practices that offer opportunities for change. However, due to high intricacy
of social office practices and their grounding in everyday habits, social relations
and thinking patterns, an enforced modification of a social practice in a top-down
fashion is difficult to achieve. Practices in office environments also involve more
participants and are more heterogenous that practices in a household covered by
other chapters. Additionally, attention of people to both comfort and energy con-
sumption in office spaces is significantly lower than in case of households. As an
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alternative approach, co-creating a solution together with the occupants (Mulder
and Stappers 2009) offers a possibility to take advantage of occupants as “experts
in their own lives” in finding both practice improvement opportunities and con-
crete solutions to support them, as well as encouraging the involvement of partici-
pating users in the early adoption phase of the solutions.

The exploring and identifying solutions has been divided into (1) the prepara-
tion phase, (2) co-creation phase and (3) processing of co-creation results. Before
the start of co-creation sessions (step 1), practices identified and analyzed during
context research are translated into sketchy storyboards, consisting of four to six
pictures illustrating typical moments in the day of typical observed participants in
a typical office. The style of the storyboards is deliberately fast and informal. The
following co-creation session (step 2) consists of four phases. The first “reflection”
phase takes 15 min and begins by a short explanation of the storyboard to par-
ticipants. Printouts of anonymised data from monitored offices are used to show
how different indoor climate parameters correspond to activities identified as part
of the practice, how they influence comfort in that practice and what impact they
have on energy consumption. Participants with assistance of researchers are then
encouraged to label the storyboard with post-its, in order to indicate (a) their own
subjective feelings they associate with storyboard situations (yellow post-its),
(b) objectively measurable aspects of the environment which they can explicitly
identify (red post-its), and (c) opportunities they notice for improving comfort or
reducing energy use. The second “opportunities” co-creation phase takes 45 min
and is divided into two equal parts. In the first part participants discuss the oppor-
tunities identified and look for possible conflicts between energy use and comfort
within these opportunities. In the second part participants are asked to identify
possible positive and negative impacts that the opportunities for change may have
on social relations in the office. During both parts occupants are requested to write
down pronounced topics on post-its and organise them on corresponding flipchart
pages. The third “concrete solutions” phase takes 30 min. In the first part of this
phase participants identify what objective and subjective data from their office
can support them in achieving the identified practice change. They use stickers to
signify those parameters on the storyboards. Following this step, they receive a
template print-out, stickers and post-its to work in sub-groups to make their own
storyboard of a future scenario of their own office practices incorporating earlier
identified opportunities for change, and including sensors and feedback devices
supporting this change. The session ends with short presentations of these future
scenarios to each other. This final storyboard serves as an initial blueprint and
“contract” with participants towards turning envisioned scenario into solution to
be further developed and tested, and participants committing to use these solu-
tions. Following the co-creation session, participating design researchers revise
the outcomes and provide additional descriptions based on performed observations
(step 3). At this step earlier collected data from participating offices can be used
to make a rough estimation of the impact of the ideas on the improvement of the
work environment’s physical characteristics and reduction of energy use.
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17.6 Implementing Solutions

The setup of co-creation sessions leads to formulating a set of concrete future sce-
narios through which occupants commit to an attempt to change their office prac-
tices, and which indicate features that need to be implemented in a BOCS platform
to support them in reaching this goal. In the current version of the BOCS platform,
these features can encompass a range of objective and subjective sensing inter-
faces, as well as custom feedback web interfaces and devices, which occupants
can involve in their social practices.

The process of translating the outcome of the co-creation session starts with
(1) preparatory activities, followed by (2) the “prototyping sprint day” after which
(3) engineering of specific features continues. The preparatory activities (step 1)
involve integration of the context research findings with co-creation activities.
Design researchers involved in both activities prepare a concise report and a pres-
entation highlighting the most important findings. The “prototyping sprint” (step
2) takes an entire day and involves participation of design researchers, designers
and engineers. Throughout the entire “prototyping sprint”, quick mockups, demos
and testing of existing features take place, to facilitate communication and inte-
gration of required features. However, despite the open format, the ‘“prototyp-
ing sprint” follows a defined process consisting of three stages. In the first stage
design researchers present the outcomes of preceding activities and highlight
the requirements for adaptations and new features to be introduced in the BOCS
platform. The following stage involves a structured discussion on the feasibility,
implementation and design of requested features, using differently colored post-
it to highlight raised questions and taken decisions, and grouping them in shared
problem areas. In the last stage decisions towards the implementation plan are
taken. Workload and planning for the following steps are also agreed upon. After
the prototyping sprint starts the implementation (step 3), during which engineers
and designers implement agreed upon solutions and test their functional operation.
The total duration of this phase is limited to a 2-week timeframe, to ensure that
co-creating occupants remember the details of co-created solutions and actively
engage in testing them, upon the start of the next process iteration.

17.7 Closing the Loop

Finalising the solution implementing activities leads directly to the next process
iteration, which starts with testing the implemented solutions in the context of
use. The first iteration begins with the uninterrupted context, while the following
iterations incrementally add solutions supporting occupant social practice change.
Achieving practice change is a long process which in itself may require multiple
months or even years to become fully embedded in people’s daily routines. Office
comfort related practices are also influenced by, and may vary depending on the
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time of year. In order to allow reliable evaluation of the effects of the implemented
solutions on occupant practices, three occupant groups are involved in the study,
working across similar, but not directly connected office environments. The con-
trol group is not affected by the study and is only observed and monitored using
the BOCS platform. The testers interact with the iteratively updated devices, inter-
faces and services, but do not participate in the co-creation process reserved for
the third group of participants. In this way, not only the effect of the developed
solutions on the occupants can be evaluated, but also the effect of participating in
the co-creation can be measured.

17.8 Pilot Study Summary

To evaluate the described approach and the BOCS platform, a study in three office
buildings of a large international organisation has been carried out (Jaskiewicz
and Keyson 2015). 33 offices participated in the study. 15 of these offices were
located in one building (building A). Two groups of 9 offices were located in
other two buildings (building B and C). All the offices participating in the study
were selected to have a similar sunlight exposure and host between one and five
occupants. The three buildings had different characteristics. Building A has been
recently refurbished and its users have limited possibilities of controlling HVAC
installations, but can open windows. Building B has older, manually controlled
installations. Building C is an older building, where very limited climate controls
are available and windows cannot be opened.

The research in the pilot study led to identification of two social practices with
highest potential for improvement in respect to comfort and energy use reduc-
tion, namely “focused desk work™ and “informal office meetings”. General cor-
relations could be found between qualitative objective data and moments when
these practices were occurring, but the patterns were not conclusive to identify
the occurrence of the practices based on data only. Nonetheless the outcomes of
the preliminary research enabled the inventory and analysis of key social practices
occurring in the studied buildings.

Three co-creation sessions were performed with participants from each of the
three participating buildings. The sessions faced organisation challenges and low
attendance of participants due to conflicting work obligations. Nevertheless, even
in groups where only two or three participants attended, constructive solutions
were developed. In all cases confronting participants with research findings trig-
gered highly motivated discussions, and provided insights that were not captured
in the research steps.

One example can be the role of perceived noise in the focused desk work prac-
tice in relationship to ventilating rooms. Despite low measured noise intensity,
the fact that participants could understand and relate to casual conversations in
the hallway caused them to close office doors and ventilate office rooms by open-
ing windows. In that case co-creation session led to a scenario where participants
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leave the office doors open, but provide each other feedback about noise annoy-
ances, with an aim to cluster social chats.

Despite setbacks encountered with the BOCS platform software, the proto-
typing was attainable in the designated time. The prototyping sprint has led to a
blueprint of one self-reporting device that fitted all three future scenarios devel-
oped in the co-creation sessions. Two large buttons on the device allowed to indi-
cate moments in which participants were noticing that their comfort is impacted
by bad air quality or noise, as shown in Fig. 17.5. The device was additionally
equipped with a slider, allowing the expression of occupant overall comfort level
on a 5-step scale. The occupants were enabled to correlate their subjective obser-
vations with objectively measured data using a feedback display implemented as

(b)

Fig. 17.5 Two different self-reporting tabletop devices developed based on the outputs of co-
creation sessions
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a web application. Subsequently, the prototyped devices, including subjective air
and noise measurement were deployed among the participants in the experimental
groups. This system is currently being tested by pilot study office occupants as
part of a second design iteration.

However, the interviews with participants have also revealed that the time
between co-creation session, ability to try out solutions and effectively bring them
to a fully usable stage is too long, and they loose their engagement and motivation
in bringing the envisioned change to life. This signifies that introducing a techni-
cal solution is only one aspect of the described process. The building occupants
becoming early adopters of that solution, and using it to change their own lives
are key to success of the approach. Further development of the approach may thus
involve additional, smaller iterations to maintain participant engagement at high
level.

17.9 Conclusions

The approach presented in this chapter demonstrates a novel way to innovate in
the Living Lab setting when facing behaviour change challenges involving com-
plex social practices. The iterative process allows co-creation and development
of solution designs in parallel to ongoing longitudinal research on energy-related
social practices (Fig. 17.6). The planned continuation of the study through more
iterations promises not only improvement of initially developed solutions and
creation of new ones, but also ongoing evaluation of users’ responses to these
solutions in order to better understand the individual behaviours and social mecha-
nisms shaping the studied practices.

concepts for supporting improvement of
social practices through sensing,
self-reporting and feedback solutions

T

co-creating
solutions

monitoring,
self-reporting &
feedback in living
lab context
(BOCS platform)
context implementing
analysis, comparison and researching solutions working prototypes of
assesment of existing and induced e '/\_, \ self-reporting, feedback devices
social practices related to office and interfaces, and additional
energy use and comfort modules of the BOCS platform

Fig. 17.6 Through iterations, the presented process leads to incremental generation of social
practice insights, innovative concepts and technological solutions
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Several drawbacks have been identified following the initial pilot study. The
research methods have been optimised to allow their execution in three-month
cycles. However, the context researching phase and implementation of co-cre-
ated solutions both remain a time consuming activities, creating bottlenecks in
the overall process, prohibiting further shortening of cycles from months down to
weeks. A format for describing and comparing studied social practices is being
further developed to support identifying relations between the skills, meanings
and materials of practices (Shove 2007), and enable a more comprehensive analy-
sis of qualitative data in the process. Although the co-creation process has been
limited in order to cater to indicated time constraints of participants’, the majority
of participants have nonetheless not been able to attend the sessions due to other
work priorities. It is hoped that the results of the first iteration brought back to the
context will engage more participants to join the sessions during future iterations.
Further revisions to the approach may also involve aspects of the co-creation pro-
cess being performed by participants in small groups or individually at the time
of their own convenience. Furthermore, the implementation of co-created solu-
tions has also proven to pose additional difficulties. As outcomes of co-creation
have ventured into unexpected areas, the need for developing features that have
been not accounted for in the system architecture appears unavoidable, resulting in
possible prototyping delays, or compromising of co-creation process outputs, for
which better strategies need to be defined.

Despite the above shortcomings, the first iteration of the approach has shown
to deliver results that triggered participants to reflect on their practices and initi-
ate new practices in the work environment to improve comfort and reduce energy
consumption. The answering of key research questions and verification of co-cre-
ated solutions and their implementations requires several more iterations and from
this perspective the approach cannot be evaluated at this stage. The intermediate
results from the first iteration have delivered a wide range of outputs, as indicated
by Fig. 16.6, promising successful continuation of the process. However, to main-
tain the engagement of occupants, the shortening of the duration of the cycle is
recommended, along with potential introduction of additional, smaller in scope,
iterations within one season.

The initial success prompts speculation about applying the presented approach,
methods and tools to other living lab problem areas. One can imagine direct appli-
cation of the approach to addressing energy-related occupant practices in other
types of buildings without the need for substantial modifications of the approach
and of the BOCS platform. Venturing further into speculation, using different sen-
sors could allow addressing other problem areas ranging from healthcare to mobil-
ity. Yet, perhaps, the biggest future promise lies in studying social practices and
finding approaches for their shaping across various domains, closely following and
holistically supporting the full breadth of people’s lives.
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Chapter 18

Recruitment of Participants (Households
in City District and Companies) for Insight
Research and Prototyping

Kamil Folta, Dan Lockton and Flora Bowden

Abstract In the project SusLabNWE the integration of users in private house-
holds was a vital part of the concept and scientific approach because products
and services need to be aligned to the user needs and fitted to their behaviour. In
order to develop, design and implement innovative products that serve their pur-
pose and are accepted by users, a high level of user engagement is expected. This
chapter describes the recruitment of participants in two case studies within the
SuslabNWE project.

18.1 Introduction: General Overview and Implementation
in SusLab

Within SusLabNWE, the integration of experimenters into private households is a
vital part of the project’s concept and scientific approach. To get the most diversi-
fied insights and universal statements of results, it is on the one hand necessary
to spread the project on different types of households. One point is a variation on
demographic aspects (e.g. age, state of life, standard of living), but also on income
differentials, which reflect the standard of living and especially the type of prop-
erty, i.e. owner occupancy of rent.
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On the other hand, the innovative products and services offered in the context
of SusLABNWE (e.g. devices which help to safe energy and enhance comfort
in terms of heating) need to be aligned with the users’ needs and fitted to their
behaviour in order to safeguard their application. To a greater degree some prod-
ucts even have negative effects because users show different behavioural patterns
as engineers and designers had foreseen or predicted. In order to develop, design
and implement innovative products which serve their purposes and are accepted
by users in SusLab, a structure of LivingLabs and a high level of user engagement
and preliminary investigation by the project managers is needed.

And at least it is a chance to explore some new technical opportunities and
chances to implement technical assistances at highest technical level combined
with visually attractive design. Following sections introduce the recruitment of
participants in two SusLABNWE case studies.

18.2 Case Study Bottrop

The described differences and the initial position at all levels assume that recruit-
ing appropriate private test persons adjust individual approaches. Therefore it is
the responsibility of each partner to develop and implement a local volunteer pro-
gram. The partners choose suitable instruments for activation and information,
like information events, direct contact via personalized letters or contact forms via
internet.

This is a prerequisite for creating a local test infrastructure for the topic “heat-
ing/space heating” in at least 50 homes. All participating households are located
in the pilot area of InnovationCity Ruhr in Bottrop. The local involvement and
recruiting for the project is coordinated by the Innovation City Management
GmbH (ICM) for the German consortium consisting of Wuppertal Institute for
Climate, Environment and Energy, Hochschule Ruhr West University of Applied
Sciences (HRW) and ICM. The main benefit of that testing area is the existing sen-
sitization of the inhabitants for unconventional and innovative projects regarding
new technologies.

Since 2011, Innovation City Management has offered individualized energy
consulting especially to private house owners through the Centre of Information
and Advice (Zentrum fiir Information und Beratung—ZIB). In the past 5 years
2000 personal consultations have been carried out in total. This offer is absolutely
cost free for the citizens of the pilot area and it is still much asked for. In 2015,
326 different consultations have been carried out by ICM’s energy advisor/archi-
tect, every one of them for around one and a half up to 2 h. This service is avail-
able for everyone living in the city area offers energy efficiency advice to building
owners, by analysing the energy consumption data of each building. For that a
special online tool has been designed, which also can be used for a pre-review for
every interest. Therefore the tool serves as an information basis for the interests
and in addition it’s a tool for the energy consulter who gives qualified input to
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the software system to create an encompassing entry to each consulted building.
With this data, personalized energy efficient retrofitting proposals are developed,
implemented and customized to maximize efficiency for each individual unit. The
advice is adapted to the individual financial possibilities combined with a special
promotion for the total price of the modernization if someone lives inside the pilot
area. The main advantage is due to the fact that subsidies spread more easily than
in other existing programs for modernization by reducing administrative effort.

In parallel, informed citizens are motivated by advertising campaigns and tar-
geted events and community workshops. These events are designed to engage the
community and let citizens become part of a project and support its goals such as
implemented in the SusLAB-project.

Additionally, Innovation City Management has organized networks of local
craftsmen, architects and energy consultants and established a partner network
for technology and process related innovation within the Ruhr metropolitan
region. The industrial advisory board enables companies to develop and join pro-
jects. By means of this, major German energy related companies like Vaillant,
Danfoss or RWE are involved, but also local and regional housing companies like
VIVAWEST, GBB and Vonovia are members of the advisory board. The main ben-
efit of this network is more than evident: By means of involving housing compa-
nies directly, thousands of test persons can be acquired.

For the SusLabNWE winter pilots ICM and HRW used this existing networks
and initiatives to contact suitable households and asked them to participate and get
involved in the project. The existing data represented he basis to analyse and then
to find private landlords and tenants in flats and houses. They received a covering
letter by mail from the HRW which described the project’s background, the proce-
dure and the benefits. Around 600 households received this letter and much more
households replied than necessary.

The group of households involved increased after the first winter pilot by
directly contacting further households. Another benefit was gained through media
and newspapers: Positive reviews about the project spread quickly and numerous
newly interested citizens approached the project. Apart from the media support the
technical equipment improved.

Furthermore additional measurement toolkits were available to gather informa-
tion and statistical data in the households. The main point is that the participants
did not receive any kind of monetary incentive. But they provided their data con-
taining detailed feedback about their individual behaviour and derived from that
data individual potentials of savings.

18.3 Case Study UK

In the UK, the nature of the participants recruited, and the recruitment strategies
used, varied throughout the SusLab project, depending on the goals of each part of
the study. Overall, the primary aims of the first parts of the study were qualitative,
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while later phases aimed to integrate qualitative and quantitative data. In every
case, the aim was better understanding of householders’ use of energy in context,
including a specific focus on heating practices and thermal comfort. This deeper
understanding, requiring multiple home visits by researchers, necessarily meant
smaller sample sizes.

In the first phase of our research in London, researchers from the Royal College
of Art carried out home visits and interviews with householders, followed by a
probe/logbook study (described in Lockton et al. 2013). Following methodologies
developed in the context of inclusive design (Eikhaug and Gheerawo et al. 2010),
in this work we focused on lead users in one form or another—people who have
particular needs around, or interest in, energy use at home, and who are indeed
often self-described ‘edge cases’. Recruitment of the initial group of nine partici-
pating households was done through: (1) Tenants’ groups with a focus on envi-
ronment and sustainability, at two social housing providers in London (Poplar
HARCA in East London, and Camden Council in north London); (2) Word-of-
mouth suggestions of participants, by researchers who had previously worked on
sustainability-related projects; (3) Postings and announcements in the London
Internet of Things and Cleanweb meetup groups (online groups with in-person
meetings every month). Participants were offered gift vouchers for Marks and
Spencer, a slightly upmarket UK supermarket and department store.

Once potential participant availability had been explored, we arrived at nine
households of a range of ages, backgrounds and family situations (with chil-
dren, living alone, retired, etc.), living in London and south-east England: social
housing tenants on limited incomes, some already part of existing programmes
aimed at saving energy (via home energy displays and online monitoring), and
some who have taken it upon themselves to cut their energy use without using
any kind of display; people with medical needs which mean they use higher than
average amounts of gas for heating; people with environmental motivations and
people much more focused on cost; and people from the Internet of Things and
Quantified Self communities, who have set up their own home energy monitor-
ing systems for their own interest, and have incorporated using the systems into
their everyday routines. Some of our ‘early adopter’ lead users could be in the
vanguard of coming trends around technology use at home, but trends also repre-
sented in the group—such as ageing populations and more people living alone—
would have other effects on energy use. The idea was that through learning from
these interested users—understanding their routines, motivations and interactions
with technology, we could both understand better the factors to concentrate on in
subsequent research, and identify design opportunities for interventions that take
account of the real contexts of everyday energy use. Some of these householders
subsequently took part in our Home Energy Hackday and co-creation workshops.

A parallel phase of our research involved public engagement at events and
exhibitions, which is not so relevant for this chapter; Chap. 14 on participatory
drawing, and Chap. 23 on the Powerchord sonified energy monitor describe the
participant contexts of this work.
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For the final “Winter Pilot’ phase of the UK SusLab research, involving the
installation of the SusLab Monitoring toolkit and use of the heating practice diary
(see Chap. 12) in homes, the Institute for Sustainability, via its partners at Dartford
Borough Council, recruited five households in the Dartford, Kent area (to the
south-east of London).

In this study, the installation, configuration and monitoring of the SusLab
equipment was carried out by researchers from Imperial College London. One
household had to drop out as the broadband internet service present was incompat-
ible with the SusLab equipment. As the recruitment was handled by other partners,
the demographic and contextual information about householders was something
the RCA researchers (Flora Bowden, Dan Lockton and Shruti Grover) elicited dur-
ing interviews. The householders were all social housing tenants who were part
of schemes to improve the energy performance of their homes, had broadband
internet which would enable the sensor kit to be installed, and were happy to do
the level of self-reporting required by the study. This home improvement work
had either been completed in the preceding few years, or was about to be carried
out, and it was considered that these householders were sufficiently interested in
energy, and heating, to be motivated to take part in the study. The incentive in this
case was to be able to keep the Android tablet used for the self-reporting, at the
end of the study.

This is a consideration that is worth attending to when carrying out recruitment
for studies which require substantial ongoing effort from participants (such as
completing diaries or using apps)—participants who are motivated to participate
to this degree, are likely already to be quite deeply interested in the subject, which
does not necessarily make for a representative sample of the characteristics of the
population as a whole.
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Chapter 19

Analysing Social Milieus and
Lifestyles—Their Contribution to a Better
Understanding of Heating Practices

Johannes Buhl, Kathrin Greiff, Carolin Baedeker and Christa Liedtke

Abstract This chapter introduces empirical social research on social milieus, and
why lifestyles are of interest to Living Lab research. We present the results of a
milieu analysis for Living Lab research in Bottrop. We enrich the findings from
the milieu analysis by describing the influence of lifestyles on heating practices,
combining a representative statistical analysis for Germany with in-depth quali-
tative interviews of Living Lab participants. When it comes to heating practices,
lifestyles expressing higher material wealth and socio-economic status show
meanings associated with comfort or convenience rather than financial reasoning.

Keywords Social practices + Behavior - Sustainable consumption *+ Mixed
methods

19.1 Theoretical Background

The analysis of lifestyles, social milieus and types of household! is gaining impor-
tance in an evermore experience- and event-driven society (Schulze 2013).
Consumers increasingly focus on experience in everyday life. Demand in an expe-
rience economy manifests less in products people seek to buy and to have, but
rather in services, activities and events people want to do, to make or attend to. In
such economies, consumption is rather based on activities such as going to

"'We consider social milieus to circumscribe a group of people who share a common lifestyle. In
this sense, we refer to one’s social milieu and lifestyle interchangeably in this chapter.

J. Buhl (I<) - K. Greiff - C. Baedeker - C. Liedtke
Wauppertal Institute for Climate, Environment, Energy,
Doeppersberg 19, 42103 Wuppertal, Germany

e-mail: johannes.buhl@wupperinst.org

© Springer International Publishing Switzerland 2017 249
D.V. Keyson et al. (eds.), Living Labs, DOI 10.1007/978-3-319-33527-8_19



250 J. Buhl et al.

cinemas, museums, amusement parks, attending concerts, theatre plays, going out,
trips, travel, staying at hotels and going to restaurants. Being a member of clubs,
such as sport clubs, are as much a thing people would do in an experience-based
economy—voluntary and informal. In this respect, people do usually not seek
experience for themselves, but while interacting with others. ‘Experience’
becomes a shared and social event. Consequently, as soon as people have found
out successful strategies and ways to ‘experience’, those strategies and pathways
serve as signals for social distinction, status and identity.

In this context, one may state that experience marketing is just another quality
of service-oriented marketing. It is however not about products and services mar-
keters strive to sell, but the experience itself is the primary goal of production and
consumption. From an environmental perspective, experience-oriented lifestyles
are not necessarily an immaterial way of living; on the contrary, seeking experi-
ence may come with resource intensive consumption patterns of products (e.g.
ICT) as well as services (e.g. services in tourism). One might think that such
“experience demand” (Schulze 2013, p. 98) is totally different from traditional
demand sectors. However, experience markets comprise all products and services,
the use of which is predominantly defined in aesthetic terms (nice, exciting, com-
fortable, stylish, interesting and so on). The concept of experience demand needs
to focus on “inwardly oriented actions” (Schulze 2013, p. 101). Whereas out-
wardly oriented actions can be defined and measured clearly like money or prod-
uct features, inwardly oriented actions refers to the inner life of the person like
feelings, values, knowledge or skills. That is a challenge to new forms of design
trying to adequately deal with newly emerging patterns of consumption in an
experience-oriented society. Thus, when trying to understand who is taking part in
such an experience society and why they do so, a conventional differentiation of
societal groups into classes, such as income classes, might serve as a point of
departure,? but insufficiently addresses social inequality in society. According to
Pierre Bourdieu (1984), social stratum has replaced social class such that new
forms of capital—like social and cultural capital—emerge next to economic
capital.

More recently, sociological research seeks to understand how such patterns
of capital translate into lifestyles and manifest in every day activities and social
practices (see Chap. 3 about social practices). It is crucial to understand that life-
styles do not manifest in goods or products bought, but rather in how people use
these goods in daily life and for what. It is important to grasp daily life as repeated
social episodes constituting lifestyles. Then, lifestyles do not only depend on what
kind of dwelling people live in (like the size of dwelling), but how and why people
live in their houses as they do. In order to differentiate between lifestyles in house-
holds, one has to ask for and observe general preferences, attitudes and personal

2See e.g. Sinus (vgl. http://www.sinus-institut.de/loesungen/sinus-milieus.html); Sigma (http:/
www.sigma-online.com/de/SIGMA_Milieus) und sociodimensions (http://www.sociodimen-
sions.com/files/milieus_2.pdf).
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norms in their daily practices. The aim of our research on lifestyles in Living
Labs was to develop and exemplify an approach to differentiating between house-
holds according to their social milieu. Based on such a milieu analysis, we tried to
understand how lifestyles link to meanings of daily practices, understood here as
heating practices. Thus, the identification of lifestyles might be used as a variable
to explain practices and corresponding resource and energy use.

19.2 Methodology and Data
19.2.1 Milieu Analysis

The milieu analysis is an integral part of the insight research of the Living Lab
approach as applied in SusLabNWE (Liedtke et al. 2015). In the Living Lab
research in Bottrop? around 90 households participated in the study. In order to
know what kind of households and what kind of lifestyles are responsible for what
kind of heating at home, a model of social milieus for Germany has been used.
Households commonly share the consumption of energy services like heat, but
members in the household do not necessarily share a common lifestyle. Lifestyles
may differ according to roles in the household. The father might follow a different
lifestyle than his adolescent son. Both share the heat in the living room and may
have disputes about the temperature in it (for whatever reasons). Those issues are
addressed in a network analysis (see Chap. 15 about Network Analysis). Thus, we
assume that the household shares a common social milieu that is proxied by the
individual characteristics of the head of the household or main income earner. In
the end, we combine household and personal characteristics. A survey asking the
participants not only for socio-economic characteristics of the participants consist-
ing of data on household size, family status, income, education and age of head of
household, but also for environmental and economic attitudes has been conducted
(Table 19.1). The screening of households allowed us to compare responses to a
representative lifestyle model for Germany (socio-milieus from Sociodimensions
2015), assigning social milieus according to social status, generation, age and fam-
ily status. Table 19.1 shows the information gathered on the households in order to

3The Living Lab research in Bottrop comprises the results from the projects SusLabNWE and
EnerTransRuhr. The project EnerTransRuhr follows up on the work done in SusLabNWE. We
integrated data collection and data analysis of both projects in order to give a more compre-
hensive picture of the Living Lab research in the Ruhr area and Bottrop, respectively. Whereas
the milieu analysis is foremost based on the data collection and analysis in SusLabNWE,
the presented findings on the influence of lifestyles on heating behaviour is mainly done in
EnerTransRuhr. We acknowledge the support in EnerTransRuhr by the German Federal Ministry
of Education and Research through a grant from the funding priority ‘Social-Ecological
Research’ (grant number 01UN1205A).
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Table 19.1 Household and individual dimensions and according variables used in the survey

Household

Individual

Size of household (number of persons)

Socio-demographics (age and sex)

Number of children in household (below
and above 18)

Family status (single, couples w/o children)

Housing type (single houses, multi family
housing, home owner or rental)

Household net income

Social status (education, occupation and occupa-
tional status for head and partner)

Energy consumption (costs)

Attitudes towards environmental protection and

Size of dwelling (in m?)

economic growth (choice of probable and desir-
able future scenarios)

Source Own table based on Sociodimensions (2015)

4

Socio-
Economic
Status
high
average Young
low
Disadvantaged
>
Generation War- and Post-War* Modern™ Fostmodern™ .Global and Digital®
Age 75+ 45-75 25-45 -25
seniors, empty nests and families young families with .
Household 1-2 persons with clder children young children young couples, singles

Fig. 19.1 Sample (dotted cloud) located in

simplified Socio Milieus model. Source Own depic-

tion based on Sociodimensions (2015), and according to FEA (2015)

derive their social milieu. Figure 19.1
the responding households have been

depicts the respective social milieu in which
assigned according to their scores.

Moreover, a cross-validation of the typology was possible based on a related
socio-spatial geo-mapping of the social milieus of Bottrop by Microm (2015). The
participants have been assigned according to their residential address in Bottrop,
and their most probable social milieu has been derived. The two independently
conducted milieu assignments eventually offered a triangulated assignment of the
analysed households in Bottrop (Sociodimensions 2015). The geo-mapping allows



19 Analysing Social Milieus and Lifestyles ... 253

us to integrate the findings from the research we conducted on a city level. It
allows for analysing how social practices may spread and diffuse on a larger scale,
within and between milieus—and within quarters and across cities (see Jensen
et al. 2015).

19.2.2 Multivariate Regression Analysis

However, it remains unclear, to which extent lifestyles can explain (non) sustaina-
ble practices or not. What is the added value of knowing the lifestyle or the socio-
milieu in addition to standard socio-economic variables? Therefore, we conducted
a multivariate regression analysis of heating practices based on the action model
from Liedtke et al. (2013, 2014).* We complemented the rather socio-psychologi-
cal action model with information on socio-economics like age or income and
lifestyles.

We used data from the study on “environmental awareness” in Germany for the
year 2012 (FEA 2013). For the same study, the socio milieus have been employed
for the year 2015. In 2012, the study relied on the milieu model from Otte (2005).
Here, milieus are described by two dimensions as well, material status (or wealth)
and modernity in terms of attitudes of lifestyles like traditional and religious or
materialist and hedonist attitudes. Thus the model as such is very similar to the
model applied for the respondents in the Living Lab research in Bottrop.

People have been asked if their household “practices” to keep the consump-
tion of heating costs low. Thus we proxied heating practices by the household’s
routine to keep the heating costs low. We introduced financial meanings, as well
as socio-psychological meanings like personal (e.g. feeling obliged to environ-
mentally friendly behaviour) and social norms (e.g. feeling obliged to follow the
behaviour of significant others, family and friends), as well as socio-demograph-
ics like age and sex, in addition to lifestyle dimensions (modernity and wealth).
The statistical analysis is complemented by in-depth qualitative interviews with 18
participants of the Living Lab research in Bottrop. Here, the analysis is based on
qualitative insight research from 6 households in SusLabNWE and 12 households
in EnerTransRuhr. The qualitative research has been designed correspondingly in
order to integrate the information collected. The extensive qualitative insights pro-
vide a deeper understanding of the meanings behind heating practices.

“The quantitative insight research has been conducted in EnerTransRuhr. The findings are given
in Liedtke et al. (2014) as well.
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19.3 Results

19.3.1 Identification of Lifestyles in a Milieu Analysis

The respondents of the Living Lab research in Bottrop are grouped according to
their social milieu. The findings suggest that the sample is highly dominated by
the social milieus of so called “established mainstream” lifestyles, whereas young
and precarious milieus are highly underrepresented (Table 19.2).

The depiction of the findings within the graphic milieu model (Fig. 19.1, see
also the Federal Environmental Agency (FEA) 2015 for another application of the
milieu model) makes clear that the sample is composed of respondents with rela-
tively high socio-economic status and of birth cohorts of the post-war generation
(average age of respondents is 52 years) in “empty nests” (with an average of 0.7
children in the household).

The identification of lifestyles of the respondents enables us to derive more
elaborated and more general understanding of the respondents’ way of life, atti-
tudes and values.

According to the milieu model applied from Sociodimensions (2015), “estab-
lished empty-nesters” are typically satisfied with life, proud of their achievements,
but open to eco-innovations. “Mainstream” households place high value on com-
fort and convenience, are relatively open to ecological arguments, thus show a
relatively high personal norm towards environmental attitudes. They look out for
reliable information (e.g. of product features) on which they can ground their sus-
tainable behaviour. Accordingly, those milieus are grateful for information and
consultancy respectively. At the same time, they show sceptical attitudes towards
environmental efforts. Their perceived self-efficacy for environmental protec-
tion is relatively low. In this respect, “traditional” milieus are even more geared
towards security and routines. They are sceptical about experiments in their lifes.

Table 19.2 Share of social milieus and deviance from population in and of sample

Socio milieus Share in Deviance from | Deviance from Conclusion
(sociodimensions) | sample (in %) | population population

(Bottrop = 100) | (Germany = 100)
Traditional 16.7 91 106 On average
Milieus
Established 24.4 170 158 Overrepresented
Milieus
Critical-creative 17.9 116 134 Overrepresented
Milieus
Mainstream 34.6 143 140 Overrepresented
Milieus
Disadvantaged 2.6 17 16 Underrepresented
Milieus
Young Milieus 3.8 30 25 Underrepresented

Source Sociodimensions (2015)
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In contrast, “critical creative” milieus are highly educated, open and tolerant, but
expressing high aesthetic and qualitative expectations. They show a high environ-
mental personal norm, they feel obliged to environmentally friendly behaviour.
They are often pioneers when it comes to the adoption of eco-innovations such as
e-mobility, or energetic retrofitting. The ascribed attitudes and values help us to
better interpret the influence of lifestyles on heating practices.

19.3.2 The Influence of Lifestyles on Heating Practices

We briefly describe our findings and conclusions on the influence of lifestyles
from a mixed methods research on heating practices (see Liedtke et al. 2014 for
the results and Liedtke et al. under review). The statistical findings are derived
from a cross-sectional, multivariate and stepwise logit regression of heating prac-
tices (i.e. their routine to keep their heating costs low) on financial variables like
income, social and personal norms, socio-demographics like age or size of dwell-
ing as well as lifestyle dimensions in terms of material wealth and modernity as
an attitude. Otte (2005) refers to modern attitudes as hedonistic or traditional atti-
tudes. He believes that those attitudes are closely linked to one’s age. Older peo-
ple are more likely to have a traditional or religious attitude than younger people,
who, in turn, are more likely to have a hedonistic attitude.

We found that the material dimension (wealth) of the lifestyle is a signifi-
cant predictor for heating practices. The higher the socio-economic status of
the respondents, the lower the chance that respondents keep track of their heat-
ing practices in terms of costs. The influence of personal norms hints at the same
direction. If somebody would rather have natural resources protected as scarce
and valuable resources, he would have a greater chance of routinely trying to keep
their heating costs low. The findings suggest that “established” milieus and milieus
with higher socio-economic status need to be addressed not by financial motives
(alone), but by other meanings as well, in order to intervene in potentially unsus-
tainable heating practices.

This was the starting point for the in-depth content analysis of 18 interviews
with participating households in the Living Lab research. A closer look at the
statements of respondents with higher socio-economic status and energy consump-
tion reveals meanings like comfort or social norms being more important for their
heating practices than financial reasoning. We believe milieus with higher socio-
economic status need to be addressed by attitudes as described in the milieu analy-
sis. Those milieus are open to eco-innovations like e-mobility, energy efficient
household appliances or energetic retrofitting, but they want to have their high aes-
thetic and qualitative expectations met. Eco-innovations need to meet aesthetic
functions and address meanings like convenience and comfort, at the same time.
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Moreover, they need to convey information in a reliable way. Eventually, the quali-
tative description of practices and their meanings in a structural content analysis
served as a basis for prototyping an intervention design.’

19.4 Summary and Conclusion

The social differentiation of households according to socio-economic character-
istics and lifestyles offers a more comprehensive picture of participants in the
Living Lab research in Bottrop. By conducting a triangulated assignment of the
households analysed within Bottrop it is shown that the sample is highly domi-
nated by social milieus of “established mainstream” lifestyles, whereas young
and “disadvantaged” milieus are highly underrepresented. Households of well-
established “empty nesters” and of the “modern mainstream” represent the high-
est share, whereas the younger generation as well as “disadvantaged” households
did not take part in this study. We studied the influence of lifestyles on heating
practices in a mixed methods study combining a representative statistical analysis
for Germany and in-depth interviews with participants of the Living Lab insight
research in Bottrop.

The multivariate analysis of heating practices based on the action model from
Liedtke et al. (2013, 2014, under review) suggests that for “established” milieus
and milieus with higher socio-economic status, financial motives are not the pri-
mary motive behind their heating practices. The milieu analysis concludes that
these milieus are open for eco-innovations, but want aesthetic functions and
meanings like convenience and comfort to be met. The statements from respond-
ents with higher socio-economic status point towards similar conclusions when it
comes to heating. The statements suggest that meanings behind heating are associ-
ated with comfort and convenience rather than financial motives.

We conclude that a milieu identification and a social differentiation according
to lifestyles is a promising tool for Living Lab research in order to deal with dif-
fering meanings behind practices according to a lifestyle’s motives, norms, atti-
tudes and values. The insight research introducing a milieu analysis offers a good
basis to derive promising ideas for future intervention design and prototyping. The
description of heating practices within a representative milieu model may help to
potentially generalize effects of intervention designs, thereby depending less on
individual contexts.

SPrototyping was not finished when this chapter was written. We decided to not show preliminary
results and unfinished work.
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Chapter 20
Material and Carbon Footprint
of Household Activities

Kathrin Greiff, Jens Teubler, Carolin Baedeker,
Christa Liedtke and Holger Rohn

Abstract This chapter addresses the resource consumption and GHG emissions
associated with household activities and household types. Over the course of
6 weeks 16 participating households were asked to provide data regarding their
activities in the fields of housing, mobility, nutrition, waste, goods and appliances,
tourism and recreation. This extensive survey enabled the authors to calculate the
households Material and Carbon Footprint, representing the environmental pres-
sure for certain household types and lifestyles. It was found that even households
with similar soziodemographics differ highly in their overall impact as well as the
shares attributed to the different fields especially for nutrition, housing and mobil-
ity. Two workshops were conducted where households were asked to identify pos-
sible short-, mid- and long time strategies for reducing their environmental impact
(road mapping). Although not all households participated, it had become clear
that many external factors prevent households from adapting their behaviour most
notably in the field of mobility. However, the road mapping process also showed
a high affinity of the volunteers towards lifestyle changes. Regarding the set of
methods used in the study, the authors conclude that the approach is promising,
but future research is necessary: amongst other potential improvements it would
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certainly be helpful to not only analyze the resulting environmental impact of
households but also the circumstances that lead to the household’s specific social
practises and routines.

Keywords Households - Material Footprint «+ Carbon Footprint + Household
activities + Roadmapping + Social practises - Life cycle assessment + MIPS

20.1 Background and Objectives

The global consumption of natural resources is still rising beyond the natural sys-
tem’s boundaries (Bringezu and Bleischwitz 2009; Giljum et al. 2014; Rockstrom
et al. 2009; Schmidt-Bleek 2013; Ward and Neumann 2012). Thus, societal transfor-
mation towards sustainable consumption and production is a key challenge (Liedtke
et al. 2012, 2015; Schmidt-Bleek 2009). Households play a major role in this trans-
formation process (Lettenmeier et al. 2012, 2014). Within household consumption
the fields of nutrition and mobility (next to housing) are identified as key fields of
activity responsible for high natural resource use (Watson et al. 2012). Because all
household activities, including those related to consumption, are interconnected by
social practises' (Kuijer and De Jong 2011), an assessment of the whole household
system is necessary to evaluate influencing factors, possible lifestyle changes and
rebound effects (Brookes 1990; Buhl 2014; Buhl and Acosta 2015).

Next to the energy use and its greenhouse gas emissions (GHG) for heating and
electricity, the natural resource consumption is used as an indicator for ecological
sustainability (Huysman et al. 2015; Lettenmeier and Wuppertal Institut fiir Klima,
Umwelt, Energie 2009; Liedtke et al. 2014; Schmidt-Bleek 2013). In this study,
the indicator Material Footprint accounts for all material resources from nature
(resource consumption), while the Carbon Footprint? is used for the global warm-
ing potential. This chapter presents an analysis of both indicators in the context of
“Sustainable Labs North West Europe” (SuslabNWE). The analysis presented here
is from the German part of the investigation (SuslabNRW). This part sought to
identify the major influencing factors for the resource consumption of, and the
greenhouse gas emissions by households. In that, it particularly took into account
the corresponding social practises. In addition, the impacts in the field of heating
have been compared to the whole resource consumption and the different house-
hold activities.

ISocial practises can be defined as “a routinised type of behaviour which consists of several
elements, interconnected to one another: forms of bodily activities, forms of mental activities,
‘things’, and their use, a background knowledge in the form of understanding, know-how, states
of emotion and motivational knowledge." (Reckwitz 2002, p. 249).

>The Carbon Footprint in this chapter corresponds to the global warming potential in 100 years
(GWP100a) and is expressed in CO; equivalents.
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20.2 Methods

In order to identify influencing factors for ecological impacts by household activi-
ties, the corresponding Material Footprints and Carbon Footprints had to be cal-
culated. Possible lifestyle changes were addressed in an additional road mapping
process with the participating households.

The procedure consisted of three steps. Firstly, (1) household monitoring has
been conducted. 16 households in the study area (the City of Bottrop) filled in a
questionnaire about their housing-related activities. They were classified into the
typology described above (see Chap. 19. Household Typology and social milieus)
and monitored for 6 weeks. Parallel to this step the (2) calculation and evalua-
tion of the Material and Carbon Footprint started. After interpretation of results
a (3) road mapping process has been conducted: A researcher discussed the indi-
vidual results with the households in order to create individual roadmaps for pos-
sible lifestyle changes. This process resulted in an analysis of drivers and barriers
for lifestyle changes after two workshops.

20.2.1 Step 1: Household Monitoring

In order to calculate the household specific resource use and GHG emissions a
detailed questionnaire was developed, which is based on a previous study in
Finland (Kotakorpi et al. 2008). The questionnaire also contained supplementary
questions regarding time use, expenditures and socioeconomic data in order to
classify household types.

The households were contacted via press release through the Newsletter of the
project partner Innovation City Ruhr. 16 households registered for participation.
All households were differentiated into different household types, as described in
Chap. 19. Household Typology and social milieus. The fields of activity monitored
were housing, mobility, nutrition, waste, goods and appliances, tourism and recre-
ation. The consumption was monitored for 6 weeks in October and November
2014. Each week the households received one questionnaire by mail to be
answered in the following week. After the week they sent the questionnaires back
to the researchers. Except for the field of goods and appliances (inventory of all
possessions) that could be answered during 2 weeks, each field was enquired
within 1 week.3 No household abandoned the monitoring, but several households
needed more time so that the last questionnaire was returned in January 2015.
Figure 20.1 shows the fields of activities and describes the content regarding the
gathered data.

3The questionnaires are not appended to this book because their total length runs to several dozen
pages.
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Annual electricity, heat and water consumption Data was gathered via a mobility diary for each
° should be indicated. Households were also asked for houshold member, containing type of transport and
data on their living space (type of building, number a distance travelled. Additional data about vehicles
. of apartments and floors, number of windows etc.). asked for were year of manufacturing, year of

purchase, brand and fuel consumption.

Housing Mobility

A food diary for all food consumed should be The waste production of households was recorded
PN entered for all household members. Meals prepared = by weighting the different waste types. Households
= at home and meals eaten elsewhere have been ' were also asked to desribe their habits for waste
- separated. Non-food daily products such as hygiene separation and cycling of beverage bottles.

articles had to be indicated too.
Nutrition Waste

In the field of tourism all day trips (none of everyday For the field of recreation and leisure time activities

life) and all overnight trips for the year 2013 should " households were asked about regular or not-regular
I i I be indicated. e ‘ ‘e activities.
Tourism Recreation

Inventory of all goods and appliances in the house
' including storage should be conducted. Additional
H required information were use time of products and

the status when purchased (new or second hand).

Goods & Appliances

Fig. 20.1 Questionnaires and their content

20.2.2 Step 2: Calculation and Evaluation of the Material
and Carbon Footprint

The calculations of resource consumption and greenhouse gas (GHG) emissions
of households are based on Life Cycle Assessment (LCA) and Material Flow
Accounting (MFA) methods (Fischer-Kowalski et al. 2011; ISO 1997). Both, LCA
and MFA, usually cover all material and energy flows of a system from cradle to
grave, from extraction of materials to the final treatment for end of Life (EoL).
The Carbon Footprint indicator is drawn from characterisation factors, while the
Material Footprint sums up all abiotic and biotic material flows in the system.

The Material Footprint (MF) indicator is based on the MFA method MIPS,
which stands for Material Input per Service (Liedtke et al. 2014). In contrast to
other methods for resource accounting, MIPS includes all material flows of a sys-
tem and also accounts for resources which have not been put to a direct economic
use, the so-called unused extraction. The MF sums up the categories abiotic and
biotic raw materials and topsoil erosion in agriculture. In this study the categories
abiotic and biotic raw materials were calculated for the MF.

The Carbon Footprint (CF) is defined as the total set of greenhouse gas emis-
sions caused by a system. Since total greenhouse gas emissions would require
a large amount of data, one usually refers to the global warming potential for
100 years (GWP 100a) of all relevant sources, sinks and storage options in a
defined system. In order to calculate the CF in a LCA, characterisation factors



20 Material and Carbon Footprint of Household Activities 263

of GWP 100a are used, which are provided by the Intergovernmental Panel on
Climate Change (IPCC, Forster et al. 2007).

The calculation of Material Footprints (MFs) and Carbon Footprints (CFs)
were based on a database for Life Cycle Inventories (Ecoinvent version 2.2,
Hedemann and Konig 2007) which provides generic data for the production of
basic materials, provision of food and feedstuff products as well as average data
for transport and energy systems. The upstream and hidden flows had to be mod-
elled to the purpose of the study. This so called functional unit (LCA) or service
unit (MFA) can be considered the main metric to which every resource consump-
tion and GHG emission is related. In SuslabNRW the unit for relation was 1 year/
person or household (per a*P or a*HH), as chosen in previous studies. While the
mobility and housing questionnaires already included data on the per year con-
sumption, other activities had to be scaled up to 1 year, such as the amount of
waste and food per week or frequent recreation activities.*

Modelling was conducted with help of a software for Life Cycle Assessment
(OpenLCA, Ciroth 2007). For both MF and CF calculations the inventory data was
the same.

In the course of the project some simplifications and appraisements were
required, due to the overall extent and complexity of the study, the limited infor-
mation from the questionnaire and the need for consistent calculation rules.
Simplifications and appraisements were also necessary wherever data availability
was low or data for more comprehensive calculations was missing in the ques-
tionnaires. Due to this, the results reflect differences between households based
on comparable inputs, while some individual choices would result in different
absolute values, if processed in a household-specific LCA or MFA. Therefore, the
calculations do not represent the original households of the study, but households
with certain comparable activity metrics such as: distance to work, type of vehicle,
number of goods and appliances like telephones, size of living space, amount of
biotic garbage etc.

In addition, there are differences regarding the calculation of each field of
household activity. A comprehensive household system would be very complex
und cannot be accounted completely (at least within reason), especially consider-
ing the amount of inputs it would require by the participating households. Some
activities also intervene and interrelate to a certain degree. In order to distinguish
the fields of activity from each other and to prevent items from being counted
twice, system boundaries were drawn for each field (removing any overlaps). The
general system boundaries of each field and their most important capturing rules
are listed in Table 20.1.

To the knowledge of the authors, this capture of household’s natural resource
consumption is one of the most comprehensive in literature. With exception of
work, it covers all important ways a household can directly influence its resource

4Whenever the input data was inconsistent or questionable, households were asked to verify cer-
tain inputs in the questionnaire.
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Table 20.1 System boundaries and capturing rules
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Activity Sub-categories System border Specific calculation
rules
Goods and * Electrical and electronic | Cradle-to-gate: from | Database and literature
appliances appliances material extraction to | based where ever pos-
* Books, newspapers and | production of goods; | sible; average goods
magazines no use phase with where ever possible;
¢ Clothing exception of use time | one product type each;
* Home textiles in years; no transports | assembly and material
* Furniture and no EoL treatment | losses often based on
e Large domestic average industrial data
appliances
* Tools
* Toys and leisure time
equipment
* Kitchenware
Mobility e Car driving and Full service life cycle | Average vehicles,
production including infrastruc- | scaled according to
* Bicycle driving and ture; no inclusion the given weight and
production of rides with other fuel consumption;
* Bus driving persons or in taxis (if | production of every
e Train driving not explicitly stated vehicle is attributed to
* Driving of subways and | by household) every household mem-
similar vehicles ber accordingly; no
» Walking impacts for walking
Waste * No sub-categories Production of accu- Extraction of second-
mulated waste and ary materials (recy-
transports to nearest cling) according to
collection point with | German average only
an average distance; if household separates
consideration of the specific type of
returnable bottles, but | waste; returnable bot-
no consideration of tles based on average
non-frequent waste number of returns of
(e.g. due to building | bottle types
renovations)
Nutrition * Meat and fish Cradle-to-gate: Database and literature
* Fruit and vegetables from extraction to based wherever
e Dairy products and eggs | production, wherever | possible

* Sweets, sugar and oil

¢ Cereal and potato
products

e Water, soft drinks and
juice

* Coffee and tea

¢ Alcoholic beverages

e Instant meals and non-
domestic meals

* Disposable goods and
sanitary products

e Transports

possible, as well as
transports from point
of origin to Germany;
no inclusion of
cooking

(continued)
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Table 20.1 (continued)
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Activity Sub-categories System border Specific calculation
rules
Tourism * Day trips Full service life cycle | Travels cannot be
* Overnight stays including infrastruc- | completely separated
* Mobility to and at ture for all journeys; | from mobility; busi-
holiday location rough estimation of ness trips are included
overnight stays in in some cases
6 categories (stays
in private homes
included)
Recreation * Entertainment Building and energy Average buildings

¢ Activities

use for entertainment

and their energy use;

¢ Others and activities; no pro- | some buildings have
duction of equipment | been aggregated to
accommodate different
activities
Housing and * Building Full service life cycle | Average buildings in
Energy * Estate up to three classes;
* Electricity two different electric-
* Heating ity mixes (conven-
¢ Water tional and eco mix)
Pet food * No subcategories Cradle-to-gate: Database and literature

from extraction to
production as well as

based wherever
possible

transports from point
of origin to Germany

consumption and GHG emissions. However, there are clearly uncertainties in the
results, which are not easily quantifiable. For one, every included database process
is, for some or even most parts, based on secondary literature with varying data
quality and researcher assumptions. In addition, matching these processes to activ-
ities results in matching-errors: Every real product or service a household uses dif-
fers from a hypothetical average to some unknown degree, weather on a scale of
time (year of production), space (production of parts in different countries) or the
level of aggregation (one model of one product can be considered unique in com-
parison to an average product type). Even within simplified system boundaries for
some cases, the researchers of this study had to make assumptions. Against this
background, one should be careful to compare the results to other studies. System
boundaries would have to be matched and LCI data to be drawn from the same
sources (in this case the database ecoinvent). It would be possible though, to cal-
culate comparable Material and Carbon Footprints based on questionnaire inputs
by other studies.

However, when comparing the households to each other, these uncertainties are
less relevant with exception of the researcher’s interpretation of participant inputs.
Given the limited relevance of the uncertainties, the authors claim to have calcu-
lated a best available estimation of Material and Carbon Footprints of households,
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Table 20.2 Data availability, data quality and uncertainty of calculations

Activity Data availability and quality Uncertainty (absolute scale)
Goods and appliances Low High

Mobility High Low

Waste High Mediocre

Nutrition Low High

Tourism Mediocre Low

Recreation Low Mediocre

Housing and energy High Low

Pet food Low High

suitable for comparison between these households. Since the uncertainties are not
quantifiable, the authors judged the quality of each activity calculation on a three
level scale, using mobility as reference: low, medium and high. According to
Table 20.2 high quality and low uncertainty is attributed to mobility and housing,
while goods and appliances, nutrition (including pet food) and recreation are subject
to low data availability and high uncertainties in the results. The latter in particular
was difficult to capture, as there is a high variety of possible recreation activities and
low data availability in general. Some are part of a manageable system such as read-
ing or walking, while others would require the consideration of many subsystems in
order to calculate the complete Footprints (golfing for example).

20.2.3 Step 3: Road Mapping Process

In order to reflect the results with the households, a workshop was conducted.
Seven of the 16 households attended this workshop. After discussing the results,
possible lifestyle changes for reducing the Material Footprint were discussed.
Assisted by the project team, the households were asked to choose from given
options to reduce their Material and Carbon Footprint or to develop new options.
While most of the given options were behavioural changes, some addressed con-
sumption patterns. This basis enabled the households to create individual road-
maps towards lower environmental pressure in the fields of housing, mobility,
nutrition and goods and appliances. The roadmaps were structured into short
(6 month), mid (6—18 month), and long time (over 18 month) periods.

Another workshop took place in September 2015. Just three households par-
ticipated. Its aim was be to elicit and understand the households’ experiences
with efforts to reduce the Carbon and Material Footprint. This workshop took
the form of a focus groups discussion that sought to identify drivers and barriers
with regard to the fields of activity. We define drivers as specific factors leading to
reduced resource consumption and/or GHG emissions. Barriers are defined as fac-
tors leading to counterproductive behavioural change and thus to no reduction or
even increase of resource consumption and/or GHG emissions.
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20.3 Results and Discussion

Figures 20.2 and 20.3 show the results of the study per year and person. The
resource consumption ranges from 16.2 to 59.2 t of resources (factor 3.7). The
lowest calculated Carbon Footprint is calculated at 5.2 t and the highest at 17.2
t (factor 3.3). On average of the sample, one person per year consumes 29.8 t of
resources and emits 9.0 t of GHG emissions.
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60,000 kg MF{2'P)

50,000 kg MFNa'P}
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The activities of household 7 have the highest and those of household 1 the
lowest impact. In a ranking of the fields of activity, housing and energy domi-
nates the Material Footprint in 13 of 16 cases, while in three households nutri-
tion (HH 13), tourism (HH 2) or recreation (HH 7) dominate. The two remaining
households (4 and 9) have no or a very low resource consumption for recreation.
Waste and pet food have the lowest impact in 14 cases. Regarding the Carbon
Footprint, housing and energy dominate in 11 households, nutrition in two (12 and
13) and goods and appliance also in two (5 and 8). Pet food (12 cases) and waste
(4 cases) cause the lowest GHG emissions. The activities housing, mobility and
nutrition are responsible for 51-88 % of the MF and 53-89 % of the CF.

The different fields of activity have very different shares within the total con-
sumption, but also between the households. In general, individual consumption
patterns could be identified that lead to individual resource consumption patterns.
The share of housing for example varies highly even for households that show
approximately the same total Material Footprint (see household numbers 03, 04,
05,09, 10 an 11).

Other factors influencing the resource consumption (next to social prac-
tises) are the number of persons in a household, the living space and income. As
expected, more persons living in one household reduces resource consumption per
person compared to e.g. single households. Conversely, a larger living space leads
to comparable higher resource consumption, due to the influence of buildings and
the heating of buildings (which falls under housing). These findings are not sur-
prising. Previous studies on private consumption have also shown these influences
for example for energy consumption (see e.g. Longhi 2015).

The households were further classified into different household types (see
Chap. 19. Household Typology and social milieus), listed in Table 20.3. The fac-
tor of greatest influence—number of persons in the household—is also indicated
in Table 20.3. Most households belong to the categories “young families in the
mainstream” (JFM) and “established empty nesters” (ETH). The latter exhibits a
comparable high MF (27.6-46.8 t) and CF (10.3-12.5 t) with one to two persons
per household. The only “young adult” (JUH) household is HH 7 (two persons)
and it shows both the highest MF and CF. Young families in the mainstream have
low or medium Material and Carbon Footprints values and the only “cosmopo-
lite-intellectual” (KIH) household is below average. The two “mainstream/middle
class” (HBM) types are ranked slightly below average for Carbon and Material
Footprints. Due to the small sample and to the fact that some household types are
not represented at all, these results cannot be considered representative of German
population.

The total Material and Carbon Footprints of households correlate to a factor
of 0.84 with each other, due to high correlations in the fields of housing, nutrition
and mobility, while the correlation in the field of goods and appliances is negative
(-0.14). This can be explained by the fact, that the Material Footprint is more sensi-
tive to small amounts of resource intensive metals in electronics (such as gold and
silver), while Carbon Footprint mainly accounts for emissions during processing,
which do not increase (per g in the product) for precious metals on the same scale.
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Table 20.3 Household types and total material Footprint (increasing MF order)

Household | Household type | Household Type | Total MF per person | Total CF per person

number abbreviation and year (kg/(a*P)) | and year (kg/(a*P))

HHO1 JFM Young families in | 16,219 5,173
the mainstream

HH13 JFM Young families in | 17,500 5,967
the mainstream

HHO8 JFEM Young families in | 18,193 8,543
the mainstream

HHO06 JFM Young families in | 18,379 5,382
the mainstream

HHI16 KIH cosmopolitan- 20,303 7,731
intellectual

HHI11 N.N. N.N. 23,424 7,452

HHO09 HBM Main stream/ 24,303 6,173
middle Class

HHO3 JFM Young families in | 25,402 10,470
the mainstream

HHO04 JFM Young families in | 25,458 9,977
the mainstream

HH10 N.N. N.N. 26,145 6,576

HHO05 ETH Established 27,595 10,372
empty nesters

HH14 HBM Main stream/ 41,148 7,690
middle Class

HHI12 ETH Established 42221 10,299
empty nesters

HH15 ETH Established 45,114 12,316
empty nesters

HHO02 ETH Established 46,770 12,540
empty nesters

HHO7 JUH Young adults 59,206 17,242

20.3.1 Focus Heating: Comparison Within
All Fields of Activity

A significant share of resource consumption and GHG emissions can be attributed
to housing. This field of activity consists of the construction of buildings, water
use and electricity for goods as well as heating. Heating in the sample amounts to
7 % of the resource consumption on average, but to 20 % of the GHG emissions in
the sample. High heating demand, as well as the use of heating sources with high
specific GHG emissions (for example oil) result in higher Carbon Footprints.

Most of the households in the study use gas for heating and live in detached
houses or apartments. Although factors like living space, number of persons
and the type of energy source clearly affect the resulting Material and Carbon



270 K. Greiff et al.

Footprint of heating, it can be assumed that the households also differ highly in
their heating behaviour. To illustrate this point, five households with a similar
overall Material Footprint are compared to each other (see Figs. 20.4 and 20.5).
Four of these households use gas for heating (HH 11, HH 9, HH 3 and HH 4) and
one (in addition to electricity) wood pellets (HH 5). While housing and energy
contributes to the overall Material Footprint with 26-52 % (the black line), heating
is responsible for 3—13 % of the overall resource consumption. The resource con-
sumption for heating of HH 4, consisting of three persons and living in an apart-
ment from 2002, is 4.6 times higher than the Material Footprint of HH 11 with five
persons living in a detached house from 1919. This considerable difference cannot
be attributed solely to the economy of scale and the quality of heating systems and
insulation, but are an indication for differences in heating behaviour as well.

In contrast to the Material Footprint, the Carbon Footprints for heating vary
more and in a slightly changed order. While in HH 4 heating has a share of 25 %,
this is only 2 % in HH 5. HH 5, using wood pellets for heating, benefits from the
fact that the Carbon Footprint discounts CO;, emissions bound in plants, while
the Material Footprint accounts for the long time removal (extraction) of biotic
resources from nature.

MF of heating compared to overall MF and overall housing MF
30 tons/(a*P)

8.1% (34.4%)

10.3% (30.9%) 12.6% (32.1%)
25 tons/(a*P) A e
3.3% (6.6%)
20 tons/(a*P)
15 tons/(a*P)
51,5%
44,9%
10 tons/(a*P) S
30,8% 25,6%
5 tons/(a*P)
0 tons/(a*P)
HH11 HHO9 HHO3 HHO4 HHO05

OMF Heating B MF Sum without Heating = MF Housing

Fig. 20.4 MEF of heating compared to overall MF. Share of heating in overall MF and in field of
housing stated above column
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CF of heating compared to overall CF and overall housing CF
12 tons/(a*P)

20.6% (74.6%) 2.2% (31.0%)
24.9% (74.9%)

10 tons/(a*P)

8 tons/(a*P) 9.0% (32.1%)

13.1% (52.1%)

6 tons/(a*P)

44,2%
4 tons/(a*P)

. o

31,0%
2 tons/(a*P)

29,0%

HH11 HHO9 HHO3 HHO4 HHO5
O CF Heating B CF Sum without Heating = CF Housing

0 tons/(a*P)

Fig. 20.5 CF of heating compared to overall CF. Share of heating in overall CF and in field of
housing stated above column

20.3.2 Roadmaps, Drivers and Barriers
Jor Behavioural Changes

The results of the Road Mapping Process revealed a high affinity of the volun-
teers for lifestyle changes. Some households told the researchers about changes
they had already made during the analysis period e.g. going by bike instead of by
car, combining trips by car and offering others a lift. In the case of mobility nearly
all households wanted to try to use bicycles in the summer or public transport
instead of a car and try to combine trips by car (like shopping and trip to work)
in the short term. Two households wanted to try car sharing. In the long term two
households wanted make do with just one car instead of two. In the case of hous-
ing, most households wanted to change their airing (ventilation) behaviour in the
short term. In the mid term three households wanted to switch to renewable elec-
tricity. In the long term two households wanted to change their living space and
two wanted to buy devices/appliances that are more energy efficient. In the case
of nutrition nearly all households wanted to try to buy more organic, regional, sea-
sonal or fair-trade food in the short term. Two households wanted to try a vegetar-
ian and vegan lifestyle and three wanted to drink more tap water. Two households
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wanted to try the last two changes in the long term. In September 2015 a second
workshop was conducted to discuss the realisation of lifestyle changes. In this
workshop only three households participated. The focus group discussion showed
that, first of all, financial aspects led to changes in the households. For example all
households wanted to switch to renewable electricity, but not if this results in extra
costs. Next to these financial aspects, also infrastructural factors and influences by
family and friends could be identified. For example one man mentioned that he is
uncomfortable with the fact that his wife buys second hand clothes when they have
no financial need for this. In the discussion it became clear that major changes
such as giving up a second car or taking the bike to work require major lifestyle
changes that can’t be changed in the short or mid term and are often not planned.
For example, one household was using a car for the last 2 years, but because of a
change in work, this household uses more public transport now. By contrast one
person explained that the missing shower in the new work place prevents him from
driving to work by bike. These examples show that there is always the need to
investigate the external circumstances why households or rather people act in a
particular way.

20.4 Conclusions

Households’ natural resource consumption (n = 16) and GHG emissions were
calculated for seven fields of activity to analyse influencing factors, especially
the impact of social practises. From this, the Material Footprint (MF) and Carbon
Footprint (MF) have been calculated. Results of resource and GHG profiles show
a large range of 3.7 (MF) and 3.3 (CF) factor differences within the volunteer-
ing households. In comparison, the results of a previous finish household study
with 27 volunteering households of all kinds of household types showed a range
of factor 9. A similarly large diversity of lifestyles was identified by Groezinger
etal. (2013) between the participants and their material footprints, ranging from
8.5 to 69 t/person/year (factor 8). Due to the high similarity of households in this
study, it can be assumed that a comparative analysis of the complete German soci-
ety would result in higher ranges than 3.7 and 3.3. The recruiting method (newslet-
ter by Innovation City Bottrop) focused on one single area (the city Bottrop) and
presumably attracted households with high interest in environmental issues.
Further results show that next to technical options, there is a high potential for
structural changes and social innovations not only in the fields of housing, mobil-
ity and nutrition, but also in the field of goods and appliances. The shares of fields
of activity are very different between the households. This findings lead to the
assumption that behaviour by individual persons in households is one deciding
factor for different resource consumption and GHG emissions. Regarding house-
hold types no significant correlation with resource consumption could be found.
There is, however, a tendency of higher resource consumption in ‘empty nester’
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households (senior citizens with children having already moved out) in compari-
son to young families belonging to the mainstream.

The road mapping process showed that the possibilities for households to
change their resource use are limited within the options of the urban environment.
As described previously in a number of studies it is difficult for households to act
alone (Geels et al. 2015; Hasselkuf3 2013; Walker 2015). In addition to changes at
the consumer level, the political and business levels must also be integrated into
considerations of lifestyle changes.

With this holistic assessment of household consumption, an analysis was
attempted of the factors which most influenced the resource consumption and
GHG emissions of households. It can be shown that individual behaviour and
social practises in households have a high impact. The individual data shows
whether there is a greater impact for example in food consumption or from mobil-
ity. For further evaluation it would be necessary to question volunteers about the
circumstances that lead to such social practises, which was not done in this study.
Although an analysis was attempted of these circumstances and routines within
road mapping workshops with a subset of households, for further investigation
such analysis should be integrated into the questionnaire. This is also tried within
the resource calculator that has been developed on this resource analysis approach
(www.ressourcen-rechner.de). Up to now over 4,000 data sets (“resource profiles™)
have been gathered. Currently the calculator is available in German only. An
English version is in planning stage.

With this resource analysis a possible holistic approach has been tested to be
included in the toolkit of sustainable Living Labs. It was possible to describe influ-
encing factors in the different fields of activity. Due to this analysis, the field of
heating can be placed within the whole household’s resource consumption, and it
can be measured what impact a reduced demand in one field might have on differ-
ent fields of activity. It has been shown that, while some activities dominate the
environmental impact, all activities should be taken under consideration. This is
of special interest for developers of sustainable Product-Service-Systems (PSS),
which could become an important part of LivingLab research. Since this study
also revealed that the described methodology is limited in capturing the practises
behind household consumption, one could complement it with other methods
such as time use analysis. This would allow for a facilitated and more informed
development of transformation supporting solutions within the user-integrated
LivingLab approach.
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Chapter 21
FoodWatch and Food Resource Flows

Jesper Knutsson

Abstract Food consumption represents a significant environmental impact, and in
terms of climate impact, food consumption ranks among the top three contributing
sectors. By changing dietary choices and reducing food waste, significant reduc-
tions in food-derived GHG emissions can be achieved. However, food consump-
tion behavior depends on several interrelated factors, some of which have proved
difficult to influence. Further research and new approaches in data collection and
intervention design are needed to identify effective strategies. Here, a web-based
tool for collecting highly disaggregated data on household food consumption and
food waste behavior, called Food Watch, is presented. I present the results of an
early version field trial, with detailed analysis of food waste categories and a dis-
cussion about intervention and feedback design. A roadmap for future research
and development of the Food Watch application is also presented.

Keywords Sustainable food consumption + Consumer behavior « Ecological
footprint + Food waste reduction

21.1 Introduction

Addressing food consumption and management behavior is of great interest for sev-
eral reasons, one being food security and resource conservation; to be able to feed
a growing global population in a secure and sustainable way, adjustments to waste-
ful practices has to be pursued (Finn 2014; Kahiluoto et al. 2014). Furthermore, the
reduction of the climate impact of food consumption in the industrialized countries
will be invaluable to meet the policy goals set by the European Union.
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Consumption of food and beverages contribute significantly to the overall CO;
footprint of private households. It has been shown that there a considerable potential
for reduction of the CO; intensity by addressing changes in dietary choices, reduction
of overall caloric intake and reducing the amount of edible waste generated. Earlier
studies have shown that the process of planning, purchasing, cooking and consuming
meals all influence consumption patterns of food. It is a challenge to influence atti-
tudes, knowledge and awareness in a way so that food consumption habits are persis-
tently geared towards less CO; intensive alternatives (Quested et al. 2013).

21.2 Ecological Impact of Food Consumption

Household demand is the primary driver for overall consumption, and it is being
argued that in order to reduce the resource use intensity in society, efforts are
best directed towards household behavior. Household food consumption contrib-
utes contributed roughly 12 % to the overall carbon dioxide emissions from pri-
vate consumption in Sweden 2002 (Carlsson et al. 2006), in UK the corresponding
number is 19 % in 2009 (Berners-Lee et al. 2012). This makes household food
consumption one of the three most important economy sectors together with petro-
leum products and energy in terms of climate impact.

It has been estimated that by conservative changes in dietary choices a 22-47 %
reduction of GHG emissions derived from food consumption is possible (Berners-
Lee et al. 2012), with other options, like reducing overall caloric intake and reduc-
ing the amount of food waste, not being considered (Scarborough et al. 2014).
Such a reduction would correspond to a 5 % reduction of overall CO, emissions
from private consumption. While this may seem a modest reduction, it is suggested
that target CO; reductions are unlikely to be achieved by any single measure, or in
other words, there no ‘silver bullet’ when it comes to GHG mitigation, but rather
we expect success to come from many incremental reductions in different areas.

Food waste reduction potential in western economies are significant, especially
when compared to benchmark number in developing economies and regions with
non-western food culture. Average food waste per person in western type econo-
mies ranges from 138 kg per capita and year (UK) and 78 kg in EU 27, with sub-
stantial national differences (EUSTAT).

21.2.1 Pathways to Sustainable Food Consumption

Recent research shows that the food consumption of the developed countries, and
especially western countries, is both excessive in amount and sub-optimal in com-
position (diet) (Carlsson-Kanyama 1998; Carlsson-Kanyama and Gonzalez 2009;
Reynolds et al. 2014; Scarborough et al. 2014). Furthermore, there is a lot of waste
in both supply and retail sectors, as well as on the consumer side (Berners-Lee
etal. 2012). Thus there is a clear potential to decrease the environmental impact,
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as well as the detrimental health effects coupled with western style diets. This is
important also for secondary effects as living standards rise and consumption pat-
terns spread to developing economies as well.

21.2.2 Sustainable Diets and Waste Reduction

There has been some research performed on food waste behavior (Finn 2014;
Graham-Rowe et al. 2014; Quested et al. 2013), but the main body of this work
has focused on what food is being wasted and attitudes to food waste, rather than
the reason that the food waste is generated. Food is an integrated part of our cul-
tural identity, and as such food is not just another commodity. People generally
attach a great deal of emotional value to food consumption, apart from being a
mere nutritional provision it is also contributing to overall experience of well-
being and personal identity. Especially behavior and actions leading to the gen-
eration of food waste and its outcome is characterized by separation in time and
a conceptual disconnect, making it difficult to predict food waste by using tra-
ditional behavioral models, such as Triandis’ theory of interpersonal behavior
(Triandis 1977) and the Theory of planned behavior (Ajzen 1991).

However, using components from such models can still give useful insight into
factors that should be considered with regards to food waste and its prevention.
Suggested key factors influencing consumer choice include habits, knowledge,
facilities, attitudes and socio-cultural pressure (Quested et al. 2013).

The implementations of interventions in the current version of the Food Watch
application was not designed to target specific factors separately, but it was
assumed that the feedback presented to the participants could affect at least their
knowledge and attitude on diet and waste.

Food product flows through homes have been studied over an extended time
period. The products are scanned through their bar codes and the input-output con-
sidered in terms of ecological and water footprints as well as land use. An appli-
cation, Food Watch, has been developed from the database and is currently being
adjusted for use in the HSB Living Lab. The Food Watch application allow differ-
ent modes of feedback interventions to be presented to the user, and their influence
on behavior and choices to be assessed.

21.3 Method

A novel approach has recently been suggested which combines a high level of dis-
aggregation and automation with a data management system, called Food Watch
(Harder et al. 2014). The Food Watch web application stores data about household
purchases and solid waste flow through the scanning of product barcodes which
are present on the vast majority of the food item packages consumed in industrial
economies. In Food Watch products are linked to life-cycle analysis (LCA) data
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Fig. 21.1 Schematic description of the main database tables and their relations, and a illustration
of the user interface shown on a handheld device
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on carbon, water and land use footprint, and through the unambiguous identifica-
tion of products it is also possible to present an immediate and detailed feedback
on the ecological impact of the food consumption of the household.

However, there are several challenges in creating a database to meet the
requirements of the Food Watch application. Importantly, the database needs to be
comprehensive enough to cover a majority (for example >90 %) of regular pur-
chases by any given household. Considering the number of available food prod-
ucts on the market this is no trivial requirement. Secondly there need to be LCA
data connected to each product in the database, and the data have to be relevant to
the context where it is presented. Third, when associating data with tangible items,
some degree of abstraction will be necessary, and in order to be able to assess data
the level of abstraction and simplification need to accompany the data.

The overall design of the Food Watch database is shown in Fig. 21.1. Products
are linked to LCA and ecological foot print data through a product group, which is
based on the UN’s Classification of Individual Consumption According to Purpose
(COICOP), and then through a food group, which is the final link to the LCA data.
A certain food group may be linked to several sources of LCA data, which enable
composite data to be used in the application, i.e. multiple data sources associated
with a single product and parameter.

This design approach requires products to be classified and assigned to a food
group, and subsequently LCA data associated with that food group. Both the asso-
ciation of LCA data and the products with the food group infer an abstraction, or
a certain level of mismatch between the product and the original LCA data. As
such the footprint data generated by the application should be regarded as indica-
tive. There are two important comments to be made here, one being that from a
research perspective footprint data should not be considered at face value, and sec-
ondly that for the purpose of presenting eco feedback and intervention design, the
footprint data relevance is ‘good enough’.
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{"ean":"7310500026039"."name":"Babymor uwl(fétter"."amount™:"0.500" "unit":"kg"."carbon_footprint_per_product™:"0.2775000"}

Fig. 21.2 Sample output of the Food Watch API, detailing the carbon footprint of the product
0.500 kg “Baby carrots”. The output is returned in json format and can be fetched programmati-
cally through HTTP-calls to the API endpoint

21.3.1 Open Access and Innovation

To promote innovation and co-creation around the Food Watch platform, an API
(advanced programming interface) was developed, to provide an access point to
the product and LCA data for use in third party applications. Access to the API is
free, but at the moment of writing, an application key is required. A sample output
of the API can be seen in Fig. 21.2.

Further information about the API can be obtained from the author, or by visiting
the Food Watch website (www.food-watch.se), looking for the API menu option.

21.3.2 Intervention and Eco Feedback

Basic methodology calls for the possibility to gather baseline data, and the sub-
sequent selective introduction of intervention and feedback. The interventions
and feedback of the design iteration described here were inspired by the decision
model described by Quested et al. (2013), including the decision process in the
planning and purchase stages, but also addressing the practices in storing, cook-
ing and discarding (or not) food items. The intervention targeting the decision in
the purchasing situation (a) is shown in Fig. 21.3. This function is intended to be

Apelsin

inventary level: 2 |

Ecological footprnt of this product, per em

~! 5 s ! ; ; ¥ . >

Fig. 21.3 Excerpt from the FoodWatch application showing the visualisation of the LCA foot-
print data associated with a sample product of orange juice
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Product Bjursunds Flanksiek C 4800 (Bjursunds Stakle ) was removed from imventory. EAN 2351632000000

Avoidable waste

If there were any avoidable wasle generated, please estimale how much. Defaul is 0%

Fig. 21.4 Excerpt from the FoodWatch application showing an intervention in the form of a tip
of what can be done with leftover beef

accessed using a hand held device, such a mobile phone, to quickly get informa-
tion on inventory level (how much do I have at home?), ecological impacts in the
form of CO; footprint, water footprint and land use footprint. The climate impact
of the product is abstracted and presented in the form of an “emoticon”, showing
an increasingly discontent face the higher the CO, footprint/calories ratio of the
product.

The other main type of intervention consist of advice on practices, like how to
store or food for increased longevity, how to best use leftovers, or facts and advice
on dietary choices, i.e. how carbon intensive foods could be exchanged for climate
smart substitute products, see example in Fig. 21.4.

21.3.3 Study Design

For the purpose of testing the Food Watch application and the intervention design,
4 single-person households were recruited as participants. An in-depth interview
was conducted with participants to reveal habits, attitudes, cultural setting and
motivation in relation to food consumption and management.

Each household was equipped with a tablet computer, a Bluetooth barcode
scanner and a generic kitchen type scale. A pre-study interview was performed to
reveal environmental awareness in general and attitudes around food and diets in
particular. The participants were then instructed to record their food purchases and
the food waste generated for the duration of the study. In the first part of the study
no interventions were applied, to provide baseline data of purchase and waste gen-
eration patterns. In the second part of the study the interventions were activated.

The conclusion of the study will consist of a debriefing type interview to assess
if there were any changes to household practices, but also a co-creation session
with the intention to generate improvements to the Food Watch application itself.
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21.4 Results

At the time of the writing the field study has not yet been concluded. Nevertheless,
264 purchase and 67 waste transactions have so far been registered in the database.
The transactions were registered over a period of 3 months, with a three week
interruption. There were significant drop-out of the participating households, and
during the intervention phase only two participants remained active.

Due to the small sample, some odd artefacts were present in the collected data,
as can be seen in Fig. 21.5, where cucumber waste was the food category most
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Fig. 21.5 Graphs showing waste derived carbon dioxide footprint index and total waste amount
per food category, before (fop panel) and during (bottom panel) the intervention period
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Fig. 21.6 A graph showing the carbon dioxide footprint and total amounts per food category
associated with household purchases

significantly contributing to the carbon dioxide footprint, simply because one par-
ticipant cleaned out the cupboard during the testing period and in the process dis-
carded a large amount of cucumber. The high-impact food beef is not the main
contributor to waste related carbon dioxide footprint—in neither the pre-inter-
vention nor the intervention phase. Interestingly, butter (10.30 kg eCO; per kg) is
appearing as an important product category with an indexed eCO» (kg eCO,/total
food purchases in kg) of about 0.06 during both phases. It can also be observed
that other dairy category products like cream, milk and cheese (indexed eCO»
0.03-0.015) are found among the top 10 contributing food waste categories, high-
lighting the potential for carbon dioxide savings in this category.

Looking at the purchase side of the registered food consumption data the
results show that beef is a significant contributor to the carbon dioxide footprint,
with 81.6 kg eCO» (0.21 indexed eCO3), and also dairy products such as yoghurt,
butter and milk showed important contributions to total footprint (see Fig. 21.6).

Another interesting outcome of the field trial was the categorization of the gen-
erated food waste. It was evident that participants experienced a “large package”
as an important reason (21.6 kg eCO») for the occurrence of food waste, both edi-
ble and non-edible (see Fig. 21.7). “Wrong storage” was another important reason
stated (6.9 kg eCOy). The issue with large packages is an often cited issue in the
literature (Graham-Rowe et al. 2014; Quested et al. 2013). Optimal packing size
from waste often conflicts with marketing considerations and marketplace offers,
where large packages often offer better value for money. Package size and pricing
strategies are part of ongoing discussions between producers, retailers and policy
makers.
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(a)

edible waste: 24.22

(b)

wrong storas

edible waste: 4.63

passed expiration

Fig. 21.7 Sankey diagram of output data from the Food Watch application used by four test
households during the field trial. The diagram visualize the categorized flow of food represented
as carbon dioxide footprint (kg COse), including characterization of generated food waste, before
(top panel) and after (bottom panel) the introduction of interventions
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21.5 Conclusions and Outlook

The Food Watch application serves two main purposes, one being a research tool,
allowing the collection of detailed and highly disaggregated food consumption
data, as well as insight into and categorization of the food waste generated. The
other purpose of Food Watch is to act as a platform for intervention and feedback
on household performance, which could essentially be considered an educational
and motivational tool about the own food consumption and its environmental
impact. Designing such interventions in a way that allows targeting specific factors
influencing food consumption behavior is a significant challenge, and will be the
focus for future design and co-creation activities. One conclusion of the field trial
was that the current design iteration lacked some components for the intervention,
in terms of consistency and focus. Improvements in this area will be important for
subsequent studies.

Another conclusion from the study presented here is that it is necessary to
gather a larger data set to get a sufficiently large signal to noise ratio when evaluat-
ing impact of interventions, but is also demonstrated the level of disaggregation,
detail in the data collection and systematization of data that is achievable.

Future development of the Food Watch application will include specific inter-
ventions designed to address socio-cultural pressure, motivation and habits, and
their evaluation.
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Chapter 22
Making Energy Feedback Understandable

David V. Keyson and Natalia Romero Herrera

Abstract In this chapter several aspects in the design of home energy feedback
are discussed along with the presentation of energy feedback design examples.
The examples include the Ampul interface that was tested in the SusLab Concept
House. Ampul was designed to enable users to maximize the use of available solar
energy. A second example referenced is an aquarium metaphor in which plant,
water and fish qualities are coupled to energy consumption and climate sensor
data, which was developed as a demonstration and thirdly Powercord is described
as an interface able to translate energy consumption into auditory sounds.

Keywords Energy feedback < Energy use

22.1 Introduction

Several factors may influence energy consumption including, user behavior, cli-
mate, the physical characteristics of the built environment, equipment and devices
in the household, and energy related control technology. A range of variables such
as cultural background and income levels may shape user behavior.

Home automation could significantly influence electricity consumption. For
example, electricity consumption through technology could be reduced by about
50 % and by about 30 %, given a minimum investment (Eichhammer et al. 2009;
Ellis and Jolland 2009). At the same time, differences in behaviors among end
users contributes to the variability in household’s energy consumption levels
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(Lutzenhiser 1993; Sanquist et al. 2012). Sanquist et al. (2012) found that more
than 40 % of electricity consumption in households can be attributed to lifestyle
factors. Guerra-Santin and Itard (2010) found that approximately 12 % of the
variation in energy use for space heating could be explained by occupant behav-
ior. Similarly, Dietz et al. (2009) estimated that approximately 20 % reduction in
household carbon emissions could be achieved through behavioral changes.

In cases in which household members do not understand how to efficiently uti-
lize a technology or how to adjust their behavior accordingly, the potential impact
on energy reduction may be lost through ‘wrong’ usage of equipment As reported
(Geelen et al. 2013). For example, using an air-conditioner on a hot day while
the windows are open would result in higher electricity consumption. Rebound
effects may also occur, meaning that potential energy savings as a result of tech-
nical improvements are not achieved due to behavioral changes that counteract
the energy saving potential (Sorrell 2007). An example of a Direct rebound effect
is when end users replace light bulbs for more efficient ones and then leave the
lights on longer. Another example here would be the case of end users who take
advantage of increased comfort afforded by a new more energy-efficient heating
system by heating more rooms. Studies have shown that households with program-
mable non-learning thermostats and balanced ventilation, i.e. a ventilation system
where air supply and exhaust consist of approximately equal quantities of fresh
outside air and polluted inside air respectively, tended to heat more rooms and use
the heating system for more hours than households with manual thermostats and
mechanical exhaust ventilation (Guerra-Santin and Itard 2010).

Current approaches to providing the user with information on the amount of
electricity consumed or locally produced and information pertaining to data col-
lected from indoor climate sensors typically entail data like views of patterns
using line charts and histograms on a timeline. Given data-centric views the user
is required to interpret the data in order to discover a trend. By portraying electric-
ity or other real-time sensor measurements in terms of digits and graphs, real-time
flows remains invisible and are given no tangible meaning.

Ambient displays have been considered as a means to translate energy con-
sumption into a real-world representation such as color light or the physical
motion of a mechanism. For example, the Wattson display uses colors to show
relative energy consumption level, while cost and kilowatt-hours can also be dis-
played as an overlay on the device panel. Other examples of ambient displays
include the Power Cord and Plant digital display developed at the Interactive
Institute in Sweden (http://www.tii.se/), Energy Puppet (Do and Abdelmohsen
2008) and the Ambient Orb configured as an energy ORB (Chapa 2007). The idea
of the Plant suggests an element of care as part of an ecosystem. If home electric-
ity is continually not well managed, the plant will wilt over time. Similarly, the
direct result of one’s actions is reflected in a monthly energy bill, but many factors
over time influence cost. Novel designs for interaction with energy information,
such as the use of gestures, have also been developed at the Ubicomp Lab at the
University of Washington.
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Despite the wealth of creative ideas for ambient displays, they often do not
provide the user with a level of feedback that can assist in changing behavior, as
only total consumption levels are provided rather than appliance level feedback.
Secondly, limited or no information is provided on the degree to which available
renewable energy is being utilized.

In terms of insights into energy usage and planning one can simply think of
three phases in time, namely past, present and future. Secondly, information should
be provided at a level of detail such that the user can take action. Often the term
goal-based or actionable feedback is used here (Do and Abdelmohsen 2008). The
design challenge then is to provide actionable feedback without creating a highly
complex display. Home energy displays are typically limited to providing only total
energy consumption levels, rather than including feedback at the appliance level.
The user may also want to receive a concrete suggestion or tips on saving energy.
An additional key design challenge of energy feedback systems is the need to sup-
port a broad range of potential users in a single household. At any given moment,
a user may just want to casually glance at a display to gain an overview of relative
energy consumption levels, while still being able to easily gain deeper insights into
energy usage and production patterns. Via progressive disclosure, deeper insights
can be given without sacrificing usability. Furthermore a mixed initiative user inter-
face design can reduce the load on attention resources (Horvitz 1999).

User experience issues in relation are highly inter-twined in terms of shaping the
overall user experience. Three key factors that make up the landscape of user expe-
rience are: (a) understanding and sense of being in control, (b) emotionally appeal-
ing and engaging, and (c) expected and perceived functional performance (Keyson
2008). In demonstrating the role of mixed initiative and collaborative dialog to
reach energy savings and comfort goal and intelligent thermostat was developed
(Keyson 2008). The interface was built with a hierarchical task model, such that
the user could see things to say at any given point of interaction. For example stat-
ing “help me save energy” could trigger the response, you only use your bathroom
1 hour a day, shall I heat it during this hour and add the event to your agenda? The
user could also manually access the agenda as a touch screen (Fig. 22.1).

As a more abstract metaphor, a 3D graphical aquarium interface was developed
during the SusLab project and linked to the SusLab sensor boxes for demonstra-
tion purposes. Though not tested in the field the concept was designed to equate
comfort and energy parameters with a real world like aquarium environment. For
example color was equated to temperature, fish movement speed to energy, plant
growth to CO», and water clarity to air quality. Rich character graphics and back-
ground element common to game design formed an integral part of the design
approach (Keyson et al. 2013).

Through self-reporting apps and devices building containing multiple occu-
pants, such as a shared office place can input their preferences and at the same
time view actual energy consumption. For example in student work (Savvkai
2015) a physical room display was developed in the form of a clock to indicated
average reported levels for air quality, temperature, light and observed energy use
(Fig. 22.2).
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Help me change my schedule
Help me save energy
Help me optimize comfort

Help me change installation
settings

Fig. 22.1 Screen capture of the intelligent thermostat designed to support speech input with
things to say based upon a hierarchical task model, and combined touch screen

Fig. 22.2 Illustration of an energy feedback display for offices, which shows observed energy
usage and average, preferred temperature, light, and perceived air quality

Summarizing, the introduction of energy efficient technology and home auto-
mation into the household may theoretically lead to changes in energy consump-
tion, however when behavior in the household is not aligned, potential energy
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savings may not be realized. This does not imply that end users should always
have to adjust their behavior to technology. Technology should also fit end user
needs, wishes and abilities. Technology and behavior thus have to complement
each other (Geelen et al. 2013).
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Chapter 23
Powerchord: Exploring Ambient Audio
Feedback on Energy Use

Dan Lockton, Flora Bowden and Claire Matthews

Abstract Influencing energy use is a major research topic. However, many
approaches lump ‘energy demand’ together, disconnected from everyday artefacts,
the realities of household life, and people’s diverse understandings of the systems
around them. There is an opportunity for research through design which addresses
relationships with the invisible concept of energy through new kinds of feedback.
Powerchord is an ongoing (2014—) exploration of sonifying energy use in near-
real time. The prototypes developed so far monitor multiple household electrical
appliances in parallel, turning readings of the instantaneous power being drawn
into various kinds of sounds. Powerchord provides a form of ambient experien-
tial feedback intended to fit with the soundscapes of everyday domestic life, while
(perhaps) enabling a deeper understanding of the characteristics of energy use.
The concept was developed from ideas suggested by householders during co-
creation sessions as part of the European SusLabNWE project, funded by
INTERREG IVB, as part of our wider exploration of the invisibility of energy
which also led to ‘Drawing Energy’ (see Chap. 14 ‘Participatory Drawing in
Ethnographic Research’).

Keywords Energy use * Sonification + Ubiquitous computing
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23.1 Background

Design for sustainable behaviour has grown significantly as a field of research in
recent years (see Chap. 7 ‘Design with Intent and the field of design for sustain-
able behaviour’ of this volume). It aims to reduce the ‘undesirable’ environmen-
tal and social impacts of products and services, or increase the desired impacts,
through design (in a broad sense) concentrating on understanding and influencing
people’s interactions with technology. It is inherently multidisciplinary, drawing
on knowledge, perspectives and models from a number of fields relating to human
behaviour and social practices.

Mainstream ‘interventions’ largely take the form of redesign of products and
services themselves, or the design of interfaces, usually digital, and usually visual,
which give users information and feedback (and sometimes feedforward) on use
or the impacts of their actions. The digital approach builds on significant work in
HCI on persuasive technology (Fogg 2009) and on the effectiveness of behavioural
feedback from other disciplinary perspectives.

Energy use is one of the major issues on which design for sustainable behav-
iour has concentrated. Reducing humanity’s energy demand, and in turn car-
bon dioxide (CO;) impact, through influencing public behaviour, is a significant
research topic across multiple intersecting technological and social science disci-
plines. Aside from design work on technology or infrastructure change, the major-
ity of work on influencing energy use through behaviour change concentrates on
numerical, visual feedback displays for electricity or gas use, in both domestic and
commercial environments. There are numerous studies and meta-analyses looking
at the effectiveness of different kinds of feedback (real-time, summary, norma-
tive, and so on) in this context, and the adoption of these kinds of displays within
household life. As technology develops, the opportunities afforded by networked
smart meters, which enable adaptive pricing changes (as well as providing energy
utilities with much more detailed usage data) are also being explored, driven by
legislation.

While some influence on behaviour, leading to changes in energy use, has been
found from feedback displays (e.g. Kobus et al. 2012), the situation is complex:
simple numerical feedback may not take account of the realities of household
life (Brynjarsdéttir et al. 2012; van Dam et al. 2009; Hargreaves et al. 2013) or
people’s understanding of units and quantities (Strengers 2011), nor link people
to wider comprehension of the energy system (Boucher et al. 2012). Most vis-
ual displays require the householder to look at the display—often a small LCD
(Fig. 23.1a/b), or a web dashboard—regularly, and actually be able to act on it,
for it to have any effect, assuming a model of individual householders as “micro-
resource managers” (Strengers 2011). While there have been some more ambient
coloured light-based systems for displaying electricity use, such as Gustafsson
and Gyllenswird’s (2005) Power Aware Cord, DIY Kyoto’s Wattson and Ambient
Devices’ Orb, and clever use of thermal imaging (Goodhew et al. 2015), these are
exceptional.
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Fig. 23.1 a/b Bills and simple numerical displays are common interfaces for energy use

Many approaches lump ‘energy demand’ together as a number, disconnected
from everyday artefacts, the realities of household life, and people’s diverse under-
standings of the systems around them. There is an opportunity for design-led
research placing artefacts and the narratives of practices more centrally, because,
on the most basic of levels, it is through both everyday appliances, and artefacts
such as these in-home displays that people actually experience energy use. Within
HCI and design research, Pierce and Paulos (2010) call for more work on mate-
rialising energy, while novel approaches such as Maz¢é and Redstrom (2008) and
Boucher et al. (2012) bring an artefact-driven perspective to the field.
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As part of SusLabNWE, a large multidisciplinary collaborative European
Living Lab project, we have been afforded the opportunity to embed this kind of
artefact-driven ‘research through design’ practice within a more established quan-
titative environmental science and civil engineering approach. Our methodology
employs co-creation and regular participant engagement throughout the design
process.

23.2 Initial Research

Initially, we worked with nine diverse households across London and the south-
east, including social housing and private tenants, homeowners, older people,
people affected by disability, and families, in a range of housing stock, both
unmodified and retrofitted for energy-saving. In this first phase of the project,
we visited people at home, investigating stories of daily interactions with heat-
ing, lighting, appliances, and electricity monitors, and people’s understanding of
energy use. This was followed with a ‘logbook’ probe study including activities
exploring themes such as metaphors for energy, social influences on energy use,
and narrating everyday energy-related routines and frustrations through annotation
(Fig. 23.2; Lockton et al. 2014).

Based around themes emerging from these interviews and logbooks, we then
ran a co-creation workshop with our householders, in which, working with design-
ers, they created concepts for new kinds of interface or device which they felt
would help them reduce their energy use. This was followed by a ‘Home Energy

Fig. 23.2 A householder’s annotation of her gas meter as ‘difficult to use’, because of its posi-
tion in an exterior cupboard
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Hackday’ at the Science Museum’s Dana Centre, bringing together designers,
energy experts, and developers from the Internet of Things community to explore
new ways of understanding and engaging with energy, building on the ideas from
householders (Fig. 23.3a/b).

One of the main themes that emerged was the general invisibility of energy
in modern life, confirming Pierce and Paulos’s (2010) argument, and the con-
sequences of this for behaviour and everyday practices. Householders’ men-
tal models of energy itself, and energy-using systems such as heating (Revell
and Stanton 2014; Lockton et al. 2013), together with the relative importance

(a)

(b)

Fig. 23.3 a/b Scenes from the Home Energy Hackday at the Dana Centre, London
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of different energy-using systems in the home, were partly determined by what
was most salient, such as lighting, rather than ‘hidden’ uses such as heating and
cooling (this aligns with other research, e.g. Attari et al. (2010) and Kempton and
Montgomery (1982)).

By people’s own admission, much of the energy ‘wasted’ at home through par-
ticular behaviours, such as leaving heating on when going out, or leaving lights on
elsewhere in the house, was partly due to its invisibility from the perspective of
where they were at the time. People questioned how they could change how they
use energy when they can’t easily see or feel it, or get a sense of the changing rate
at which it is being used. We found confusion with the different characteristics of
energy use by different appliances (e.g. the ‘spike’ of a kettle compared with the
continuous power drawn by lighting), and units, for example between kilowatts as
a measure of power and kilowatt-hours as a measure of energy. As also recounted
by Bowden et al. (2015), one householder told us:

“I worked out that through gas and electricity every year, the average house gets the
equivalent of a bit over three tons of coal delivered completely silently and without any
mess. And go back a hundred years ago and everyone would have a really good quantita-
tive understanding of how much energy they used because they had to physically shovel
the stuff.”

We decided to explore this theme of energy’s invisibility through both visu-
alisation beyond numbers (see Chap. 14 ‘Participatory Drawing in Ethnographic
Research’ of this volume), and transitioning to another sense: sound.

23.3 Sonification

The issue of energy’s invisibility suggested opportunities for visualisation beyond
numbers, but also non-visually, for example sonification (Walker and Nees 2011)
of energy use.

In our co-creation workshop, one person suggested that being able to ‘listen’
to whether appliances were switched on or not, and what state they were in (e.g.
listening to a washing machine will give a good idea as to where it is in its cycle),
was potentially more useful for understanding, experientially, the links between
practices and energy demand, than a visual display. Another householder sug-
gested, in response to discussion of smart metering and demand-based pricing
changes, that being able to ‘hear’ the load on the grid (for example, a pleasant
background hum could become discordant as the grid’s frequency changes due to
high demand, or the tick of a clock could become temporarily faster) would be
less intrusive than, for example, a text message or a flashing light. There was dis-
cussion around the quality of the sound, e.g. whether a lower-pitched ‘rumbling’,
like thunder, would be more appropriate for greater rate of energy use (i.e. power)
than a higher pitch, and whether there could be a music system that somehow ‘dis-
torted’ what it played when the house’s energy use was higher than normal.
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There are echoes of early work in calm technology and ubiquitous computing,
such as Natalie Jeremijenko’s Live Wire (Dangling String) (Weiser and Brown
1995), or Ernevi et al’s (2007) Erratic Radio, in which the ‘display’ fits with the
existing daily visual landscape and soundscapes (Schafer 1977) of the environ-
ment. Sonification of energy use along these lines could enable ambient compre-
hension of energy use with multiple appliances, including pattern recognition and
state changes (Serafin et al. 2011). Relating sound to energy use is not unknown.
In explicit data sonification work, Opower’s Chicago in the Wintertime (Tinjum
and Ben-Meshulam 2013) turns the city’s residential electricity use over winter
2012-13 into piece of music; less directly, Foster etal’s (2011) Power Ballads
made use of aversive feedback based around UK chart music, automatically posted
to the user’s Facebook wall, based on high levels of electricity use.

To explore near-real-time energy sonification, we chose CurrentCost electric-
ity monitors, as supplied to many utility customers in the UK, including some of
our participating households. The CurrentCost ‘ecosystem’ includes a bridge con-
necting to a router and posting data to a website, and individual appliance moni-
tors (IAMs) wirelessly connected to the base unit, enabling disaggregated data.
CurrentCost has been used in a number of Internet of Things (IoT) academic stud-
ies. The system can also monitor gas use, if a household has a compatible meter.

Building on others’ code for extracting CurrentCost data (e.g. by Colin R
Williams: http://crwilliams.co.ukprojects/arduino-currentcost-lcd/), we developed
Powerchord, an Arduino-based system which parses the CurrentCost’s XML out-
put every 6s, extracting the IAM power figures for individual appliances, and map-
ping these figures to ranges defined in code. Three IAMs are used, although the
system could support up to nine. Initially we worked with a GinSing synthesizer
shield for the Arduino, producing different tones (with various effects) mapped to
power ranges, but, lacking experience in sound design, the results we were able to
produce were aesthetically unattractive to say the least.

We decided instead to build on the idea from our co-creation work with house-
holders around fitting into the existing daily soundscapes of the home—something
more like the tick of a clock, or the sound of distant church bells, ‘repurposing’
them with extra energy information rather than being part of the “increasing clut-
ter of beeps and bleeps” (Serafin et al. 2011) of feedback. This ‘blended sonifi-
cation’ (Ttinnermann et al. 2013) meant that recordings of these sounds, suitably
modified, could be used; we linked the Arduino to a Robertsonics WAV Trigger,
enabling polyphonic playback for multiple audio files simultaneously.

Power ranges were defined to match the typical ranges found in household
appliances, from <10 W for trickle charging, to >2 kW for electric heaters. For
each power range, for each appliance, the WAV Trigger plays a particular audio
track, looped until the power range changes (Table 23.1). Any audio tracks can be
used, including tones, sound effects or music—on a user-replaceable micro SD
card. Powerchord can thus act as a platform for different kinds of ambient energy
sonification research (Figs. 23.4, 23.5 and 23.6).

For the initial demonstration prototypes, aside from trying out actual power
chords from 90s rock, we have primarily used birdsong (from http://xeno-canto.
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Fig. 23.5 A Powerchord prototype being tested in a kitchen environment, monitoring a micro-
wave oven and an electric kettle

org)—blackbirds, house sparrows and herring gulls—edited so that different inten-
sities of song (number of birds, agitation level) map to power ranges. The fact that
we hear birds calling and singing every day, and notice when they are abnormally
loud or agitated, yet are usually unable to understand what the sounds ‘mean’,
suggests that birdsong represents an opportunity for this ‘unused auditory band-
width’ to be exploited as a channel for information. The subjective beauty of most
bird vocalisation, such that even birds’ alarm calls are usually considered pleasant
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Fig. 23.6 A Powerchord prototype being tested monitoring a hairdryer

(and very unlike the alarm sounds generated by most electronic devices), offers a
different quality of experience to direct tone-mapped sonification.

Connecting people better to the wider, complex systems around them, in which
their behaviour plays a part, such as energy use, suggests that ‘natural’ metaphors
may be particularly relevant. One might equally imagine the sound of a river,
waterfall, or the sea, or wind in the trees, as being appropriate in this context, or
indeed other weather-based sound collections. We selected common garden birds
whose calls and song would likely already be familiar and potentially part of
householders’ daily soundscapes—blackbirds and house sparrows—and also, as a
counterpoint, the distinctive calls of herring gulls, which potentially evoke seaside
memories, but which are not ‘tranquil” in the same way. In some demos, we have
mapped the herring gulls to an electric kettle, since it is used intermittently rather
than continuously, and the startling sound of the gulls is aligned with the sudden
change in household energy use that switching on a kettle normally entails.

Demonstrating a Powerchord prototype alongside the Drawing Energy
activity at the Victoria and Albert Museum’s ‘Digital Design Weekend’ 2014
(Fig. 23.7a/b), around 40 members of the public tried it out, switching on a fan
heater at different power levels to hear the changes in birdsong. We used this activ-
ity to engage people in completing quick response sheets suggesting the kinds
of sounds they believed they would find useful for understanding the energy use
characteristics of different appliances and activities. This has enabled us, working
with sonic interaction designer Claire Matthews (http://claire-matthews.com), to
create and explore the possibilities of a range of ‘sound packages’ for Powerchord,
including ever-more-complex jazz and acoustic guitar schemes, a log fire pro-
gressing from crackling to roaring, the sound of increasing numbers of coins being
dropped, other natural sounds such as rain intensity, different animal sounds from
mice to elephants, and even dog whistles so that the family dog perhaps learns to
howl at high energy use, becoming the ‘household expert’ on it.
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(b)

Fig. 23.7 a/b Members of the public trying out Powerchord monitoring a fan heater, at the V&A
Digital Design Weekend 2014, London

23.4 Discussion and Further Work

While Powerchord is still work in progress (the project has a home on the web at
http://powerchord.me), insights from public engagement together with our work
with householders, have enabled us as design researchers, working in a largely
quantitative multidisciplinary project, to broach questions around public under-
standing of energy, novel forms of feedback, and the affordances and value of
research through design methodologies. Using ‘things’ (prototypes, artefacts,
drawings) in this way enables ways of knowing which are qualitatively different
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to those enacted in other disciplines addressing the same broad questions, in this
case around design for sustainable behaviour and energy use. Artefacts enable the
materiality of energy (Pierce and Paulos 2010) to be manifested, discussed, and
explored practically.

In the next stage of our work with Powerchord we are aiming to explore this
value further, through field studies with householders, incorporating a variety of
sound schemes as outlined above. The research questions centre on how people’s
understanding of the energy use characteristics of appliances change (or not) with
this kind of ambient feedback, and how people make use of the system in practice.
Can knowledge derived from ‘longer term use’ of such a design intervention, for
instance, help inform us about people’s evolving understandings and interactions
between technology, meanings and practices? How, over time, do people construct
meaning (Dourish 2001; Fantini van Ditmar and Lockton 2016) for their data?
There are also many specific energy-related avenues to explore, including linking
sound to the load on the electricity grid (particularly where this may lead to dif-
ferent pricing per unit) and applications in local or community microgrids where
generation as well as consumption (and the balance between them) comes into
consideration.
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Chapter 24
Designing Ampul: Empowerment to Home
Energy Prosumers

Natalia Romero Herrera, Jaap Rutten and David V. Keyson

Abstract Ampul is a home energy management system (HEMS) designed for the
emergent group of home energy prosumers (producers and consumers of energy
at home). The innovative visualizations and interactions provided by Ampul offer
prosumers timed, situated and appliance specific information on the energy that
is produced and consumed. Ampul has been developed by applying in-situ inter-
ventions in real homes and Concept House Prototype 1, a home living lab facility
located in a neighbourhood in Rotterdam, The Netherlands. Residents of the same
neighbourhoods were invited to actively collaborate in the design process. Ampul
is presented in this section as an inspiring example of how Living Labs methods
facilitate the role of future users as active collaborators in gathering insights and
experimenting earlier concepts in homes and home living labs.

Keywords Home energy management systems * Prosumers  Living lab - In-
situ interventions

24.1 Introduction

The increasing market of rooftop solar panels over the last decades has resulted
in households and businesses being not only energy consumers but also energy
producers, which in one word is referred to as ‘prosumers’ of energy. Energy
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prosumers are able to produce, consume, manage and trade energy under their
own decisions. This trend is shifting also the role of home and office owners and
residents to move from passive energy users to active energy managers. In most
cases the energy produced from rooftop solar does not always match the demand
profile of a home or office building’s occupancy. When the demand is lower than
the production, three main solutions are to consider: sell unused excess of energy
back to the grid, store energy on site for later use and/or change behaviour to use
more energy whilst it is available. Governmental and regulatory barriers currently
prevent the implementation of flexible scenarios to manage energy (produce, buy
and sell) at optimal prices. On-site storage solutions are yet to be market accessi-
ble. Therefore the latter, behavioural change becomes a relevant scenario to study
and design for.

Eco-feedback (Froelich etal. 2010; Holmes 2007) combines advances in
energy monitoring technologies and human computer interfaces to provide home
residents with relevant and user-friendly information about energy consump-
tion for different appliances as well as for the total household. They are promis-
ing in providing effective information to influence sustainable behaviour, however
private energy production has not been targeted sufficiently yet. Design needs to
address issues such as how to enhance the experience of producing energy and
how to inform the relation of production and consumption in a less technical way
than the existing commercial visualizations (Katseff and Wangel 2015).

According to Chetty et al. (2008), household members are mostly unaware of
their in-moment energy consumption or power usage (kW) for different appli-
ances as well as their total household energy consumption or energy usage (kWh).
Utility systems are in the background, and therefore eco-feedback is needed to
“encourage householders to reflect on and re-engage with these aspects of the
home’s infrastructure.” (Chetty et al. 2008).

Despite the growing effort to develop effective home energy systems or eco-
feedback systems no conclusive impact on reducing energy consumption has been
observed (van Dam et al. 2010). On the one hand, data-centric visualizations are
difficult to link to existing daily life practices. They are perceived as too techni-
cal and therefore losing meaning for the user (Heller and Borchers 2011; Fischer
2008). On the other hand, ambient displays may well integrate into the home con-
text but are criticized by their limited usefulness with regard to the abstract type of
information given. Understanding the different needs and usages of energy visu-
alizations in homes reveals the need for systems that provide different layers of
information, such as consumption over time (currently, weekly, etc.), comparisons
between appliances, comparison per location and per activity; as well as differ-
ent modes of interaction: ambient and localized (van Dam 2013), personalized
(Schwartz et al. 2014), and social (Petersen et al. 2009).

Ampul is a product-system that is designed to empower home users of energy
to become an active player in their household electricity consumption through pos-
itive stimulation (Rutten 2013). Unlike other eco-feedback products, Ampul sup-
ports users in optimizing the use of the micro-generated electricity instead of only
reducing energy consumption.
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Ampul was developed following a user-centred design research approach using
a Living Lab environment. The Concept House Village was used, a Living Lab set-
ting with the involvement of real homes residents and a living lab home. Residents
participated in an in-situ intervention implemented in their homes, to capture their
perception of energy consumption at home and attitudes towards energy produc-
tion. The first Ampul prototype was implemented and used as a second interven-
tion installed in Concept House (CH). Residents spent a weekend in CH to explore
Ampul in context and embedded in daily life practices. Insights from this exer-
cise resulted in a fully developed concept. In this chapter, both interventions are
described together with the final Ampul concept.

24.2 Concept House Prototype I

Concept House, by the time of this project, consisted of the Concept House
Prototype I, a fully equipped home living lab environment and the Concept House
Village, which involves the neighbourhood of Heijplaat, Rotterdam. The home liv-
ing lab, from now on referred simply as Concept House (CH), is fully equipped
for future users to live there for a period of time and engage in the conceptual-
ization, prototyping and experimentation of innovative sustainable technologies. It
is also constantly adapted to fulfil requirements of different research studies on
energy consumption, with a focus to investigate and explore the users appropria-
tion and adoption of newly introduced sustainable technologies.

For the design of Ampul, the Concept House Village was involved in gathering
insights through an in-situ intervention. An extended invitation to residents in and
outside the village was sent to test the first prototype in CH by spending 2 days
living there.

24.3 Gathering Insights—In-situ Intervention
in Real Homes

From an early survey with 90 participants, users of energy systems reported the
lack of knowledge of the energy consumption of different electrical appliances
and would like to use existing feedback possibilities like price and percentages
to effectively understand the impact of their activities. Therefore, a proposal to
design granular views of energy use may help users build up understanding of
their total energy use by comparing the impact of different appliances. Still this
leaves open the question of how users can link the impact of energy appliances to
daily behaviour. The presented in-situ intervention aims to unveil users’ motiva-
tions and obstacles related to the decisions made on energy consumption by con-
fronting them with provoking energy visualizations.
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Fig. 24.1 Top—energy overview of the ‘Limited Energy’ condition; each day is colour-coded;
below the grey bar information of how much would be covered by two photovoltaic panels is
presented. Bottom—energy view of the ‘Energy clustered’ condition; each column represents one
appliance category; the green dots represent the energy provided by 2 photovoltaic panels
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What are the drivers to manage your energy consumption at home and to
become self-sufficient by producing most of the energy you consume? To answer
this question, two visualizations, the limited energy and the clustered energy, were
implemented (Fig. 24.1). Both use a defined unit of electricity consumption to vis-
ualize electricity used. The unit is represented by a coloured dot that equals to 0.02
kilowatt hour (kWh). This number is based on a comparison between a full wash-
ing cycle and an energy-saving bulb of 11 watts used for 2 h. With this unit value,
the comparison that users can make is of one washing machine cycle equals to 98
times the energy used by an energy-saving bulb.

The visualizations aim to trigger different modes of reflection about energy
consumption. The ‘Limited visualization’ represents electricity as a limited
resource, where a maximum number of units to be consumed are given per week.
The ‘Clustered visualization’, represents electricity clustered by appliances, thus
the visualization of electricity consumed on that day is distributed per type of
appliance.

Participants are asked to provide the input needed for the visualizations via an
electronic diary. In the evening, they annotated consumption per appliance by indi-
cating the amount of time or times an appliance was used that day (Fig. 24.2). The
list of appliances and characteristics (energy label or consumption load) was cus-
tomized for each participant, based on an intake interview. The times provided by
participants were translated into one of the two visualizations. Users were asked to
reflect on it by answering two questions: which activities they think had influenced
the consumption of that day and whether they would change anything for the next
day, and why. The study period closed with an in depth interview using the experi-
ence and outcome of the intervention as sensitizing material and probes to trigger
reporting.

Six households participated for four days excluding the final interview. From
the overall discussion, the following points were captured as insights and require-
ments for the development of a prosumer interface.

The diary served as a sensitizing activity in the final interview, as users were
triggered to think about their electricity consumption on a daily basis. The vis-
ual feedback triggered reflection and discussion regarding the information that is
needed for an effective energy interface. For instance, fine-grained information
was reported as necessary to compare energy costs per appliance. The visual over-
views also triggered users to reflect on whether and how to act differently (“more
sustainable”). Sustainable practices discussed by users were limited to address
reduction of ligh use. Other strategies than reducing light use were not imaginable,
as other activities than lighting were considered as non-negotiable in reducing its
frequency. This opens the opportunity, when considering the introduction of pho-
tovoltaic panels, to support other sustainable strategies such as shaving or shifting
energy consumption peaks based on energy production.
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Fig. 24.2 web-based input interface for both conditions. It consists of three parts. Part 1—
contains an adapted list of electronic appliances of a household and the correspondent input,
clustered in four categories: kitchen and bathroom appliances; multimedia artefacts; others; and
lamps. Part 2—represents the visualization of the energy consumption in coloured dots. Part 3—
contains the self-report form
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24.4 Ampul Concept

The concept is named ‘Ampul’ which is derived from the Turkish word ampul,
which translates as light bulb and is in turn related to the French ampoule which
means ‘glass capsule’. Ampul consists of two visible parts: a wall-mounted dis-
play and an application on a smart phone that complement each other in their
working principle, see Fig. 24.3.

The Ampul concept aims to bridge the gap between the distant technologi-
cal solutions of micro-generation of energy and energy-related daily practices. A
three-layer model of information and interactions is used to represent this goal:

verbruik per kamer

wall display
multiple distributed
through house

smartphone
application

Fig. 24.3 Ampul concept, two layers of information in a wheel-like visualization. Left—Layer
1, the wall display; Right—Layer 2, the mobile application
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e The first layer, the integration layer, connects to the daily life activities of users.
It refers to the information and interactions that should take place close in space
and time to the activity in question. This layer aims to encourage the use of
renewable energy technologies and discourages the use of energy from conven-
tional parties.

e The second layer, the learning layer, supports users’ own energy literacy devel-
opment in an interactive information display with overviews of their electricity
consumption and production (prosumption) activities. It shows historical data
and device specific consumption. Device specific data projects whether devices
can run on electricity from the solar cells, or may need additional electricity
from the grid.

e The third layer, the external layer, projects the impact of the current situation
and compares it with the players of the market of micro-generation technologies
and prosumption practices: from personal PV panels to PV parks in the neigh-
bourhood, PV parks versus wind energy parks, etc.

In this chapter, the first two layers of Ampul are described (Fig. 24.3). The first
layer, where integration takes place with the daily life practices of users, is imple-
mented by the use of prompts, as they have been considered an effective strategy
for feedback (Froehlich et al. 2010). The action of prompting is implemented for
the appropriation of the technology and emergence of sustainable behaviours. The
prompting visually integrates the technical impact of prosumption with the daily
life activities in households. To be effective the prompts target specific behaviours,
are always present to provide direct feedback, and are unobtrusive to blend into
the household existing practices (McKenzie-Mohr 2011). Ampul implements in-
situ prompts (timed and placed) so feedback is provided as close in time and place
as possible to the targeted behaviour.

Layer 2 serves as a connecting platform between integration-layer 1 and exter-
nal-layer 3, therefore it does not need to have the characteristic of blending in,
to the same extent as integration-layer 1. It is however expected to work in close
collaboration with the first layer and therefore has to share some of its character-
istics. Layer 2 aims to provide detail overviews of the different localized informa-
tion from Layer 1, allowing a comparison of the impact of energy behaviours at
different time frames: day, week, month, year. It shares the same visual metaphor
of layer 1 to support comparison. The information in layer 2 can be used to dis-
cover trends in both production and consumption of electricity. Users can compare
e.g. how much electricity did the activity of cooking consume on different days, or
discover how their consumption patterns are related to the patterns of production.
Users can use the visualisation to stimulate themselves to balance their consump-
tion of electricity with the production.

The concept uses a wheel-like metaphor to present production of electricity as
a counter clockwise movement and consumption as a clockwise movement. For
validation, several visualizations were generated and tested with users. The final
visualization contains four layers of ‘animated pie-charts’ growing clockwise or
counter-clockwise in relation to the data collected on consumption and production
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respectively. The base layer is the production (yellow) placed in the bottom,
topped by the total consumption layer (red). On top of that the room consump-
tion (white) and finally the appliance consumption (blue). The chart that represents
production starts from a “12 o’clock” position and grows counter-clockwise. The
chart for consumption starts from the line demarking current production value and
grows clockwise. Both charts integrated explain the net consumption. A line at “12
o’clock” represents the point of parity: when the consumption chart passes that
line the electricity from the grid will be used; if it stays on the right side of the
line, solar energy will be delivered back to the grid. This emphasises that the pro-
duction of electricity can be used for consumption and reveals an empty surface of
yellow when less electricity is consumed than what is produced, thereby hinting to
users that they have a surplus of electricity, which can be consumed.

24.5 Ampul Prototype

A working prototype of Ampul was implemented in Concept House with the aim
to let users experience and explore the value of the prompts in supporting aware-
ness, reflection and action towards sustainable behavior. Therefore, visualizations
were implemented up to the layer of room consumption for the current consump-
tion (history and device specific consumption were not implemented).

A wall-mounted-display hosts the ‘integration layer’ at room level (Fig. 24.4
top). In Concept House two main rooms were equipped with such displays: the
utility room (washing machine) and the living room/kitchen room. These ‘room-
displays’ show the instant changes of total production and consumption of the
household and the electricity consumption of the designated room. These three
streams of information are visualised in a single ‘prosumption’ visualisation. This
single visualization aims at providing a ‘sixth sense’ to users to enable a ‘sensory’
understanding of prosumption behaviour per room. No ‘direct’ active interaction
takes place between the user and the ‘room-displays’.

A mobile device application implements the ‘learning layer’ (Fig. 24.4 bot-
tom). The application gives the user a range of possibilities and allows ‘direct’
active interaction. The user can interact with the application to learn more about
the details of each room in the house at different times of the day and remotely
from the room itself. The app aims to provide a feeling of control and confidence
by accessing different clusters of information and learning from them. Clusters of
information emerge from the physical separation unit ‘room-displays’. As clus-
ters are connected to a tangible concept, rooms, they implicitly connect to a set
of activities that are related to each other. For instance, a kitchen is connected to a
certain set of activities, like cooking a meal, boiling water for tea, running a dish-
washer, a refrigerator, and so on. Those activities carry a high contextual mean-
ing and are therefore highly suitable to become a unit of visualization to navigate
from. Therefore, from an overview of the total household, information becomes
more detailed by navigating through overviews of the ‘prosumption’ situation
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Fig. 24.4 Ampul prototype.
Top—room display. Bottom—
mobile app

in different rooms and an overview of the situation inside the room (appliance
level feedback is not implemented in this prototype). When the application is
turned on, the first layer on the screen presents the total household ‘prosump-
tion’ (Fig. 24.5—2nd layer). After that the user can navigate downwards to see
more details regarding rooms and devices in those rooms (see Fig. 24.5 3rd and
4th layer). When navigating upwards, a specific overview of the electricity gener-
ated by the solar cells is presented (first layer) to provide the user with information
regarding return on investment, maximum production hours and days, etc.

The prototype ran independently from other systems installed in Concept
House. In total, three 7-inch tablets were used to implement both room-displays
and the app. For the room-displays a frame was designed so the visual area on
the screen was adjusted to focus the attention on the wheel-like metaphor. All
appliances except for the hairdryer, chargers and lights, were located in these two
rooms in the house: the utility room and the combined kitchen and living room.
The prototype measured all electrical outlets in these rooms, while the fixed
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(now) (today) (week]) [ month) ([year)

solar electricity
information, what was
maximum production
when |'ve earned the
PV panels back?

what can | de about my
electricity consumption?
which reoms are using most?

Fig. 24.5 Ampul prototype. Overview navigation of mobile app (4th layer was not imple-
mented)

solar

what is the balance
between total solar
electricity production and
total consumption

total balance

rooms balance

what can | de about my
electricity consumption?

which devices are using most
and when can | turn them on
to use solar electricity?

devices

appliances were attached to a fixed outlet that was measured separately. The avail-
able outlets throughout the combined kitchen and living room were counted as
separate appliances. As explained earlier, only the part of the ‘now’ visualization
of Ampul was implemented in the prototype.

24.6 User Exploration—In-situ Intervention in Concept
House

Local residents of the Concept House Village and outsiders were invited to partici-
pate in this intervention. Four families confirmed their participation: a single male
participant of age 57, a couple between the age of 25 and 30, a family with a sin-
gle child around the age of 15 and parents between 50 and 60 and a single female
participant of age 56.
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Participants were asked to stay in CH for two days and two nights doing their
normal activities as they usually do on such days. In addition, the participants
were requested to perform four tasks corresponding to electricity related activities
that fit the use of Ampul in the setup of the Concept House: cooking, tea/coffee
preparation, laundry and watching TV. The house was prepared with all the appli-
ances necessary for these activities, such as a washing machine, electric cooking
equipment and a television. The participants could execute each activity on any
given point in time, though the activities were expected to take place at a certain
time of day. Cooking and watching television were expected to take place in the
evening, whereas washing laundry was indicated to be run on solar energy, requir-
ing the participants to do the activity during the day.

Three in-situ methods were used based on the methods introduced in Chaps. 2
and 12, to collect user experience data during and after the intervention. During
the intervention, ESM cards were implemented based on Experience Sampling
Method (Hektner et al. 2007) to collect participants’ reflection on a task right after
it was done; an ESM cards form was implemented at the end of participants' stay,
asking participants to stick the ESM cards answers in the form and evaluate their
overall experience (ESM cards and forms can be seen in context in Fig. 24.6);
finally individual interviews were conducted using the completed forms as probes.

Three ESM card sets were placed right next to the appliance related to the
requested activity: cooking plate for preparing a meal, kettle and coffee machine
for preparing tea or coffee, washing machine for doing a laundry using solar
energy and TV for watching an evening programme (Fig. 24.6—top). Each set
contained four cards. One with the task formulated as a question on one side, and
space to write down an answer on the other side. The other three cards ask partici-
pants to assess the interaction with Ampul after doing the task on the basis of three
scales: feeling of satisfaction; difficulty of understanding and useful information.
The scale-cards contained a question of one of the measuring scales on one side,
and the scale to indicate an answer on the other side.

The specific questions to describe each task in the ESM cards were:

Activity Task

Cooking How much electricity did you use during the process of cooking?
Indicate how you found the answer

Tea/coffee What is the contribution of preparing tea or coffee to your total con-

preparation sumption of electricity? How did you find out?

Laundry Can you indicate if the washing machine ran using solar energy? How
did you find out?

TV While watching TV at night, could you indicate when you use more

electricity than what you have generated over the entire day?

In the evaluation form (Fig. 24.6—bottom) participants were asked to glue each
card on a designated place, which resulted in a clustering of four themes to facili-
tate reflection. The themes originated from the ESM cards aim to compare the four
tasks on the basis of: energy consumption and the user experience with relation
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Fig. 24.6 Top—The four sets of ESM cards; Bottom—the evaluation form
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to satisfaction, understanding and usefulness. Participants were then asked to
rate their overall experience based on four semantic scales: surprise, satisfaction,
peace of mind and information. A final open question addressed whether they have
changed their attitude towards home micro-generation of electricity.

During the closing interview participants were asked to elaborate on their
answers given in the individual reflection. Important qualities to address in the
interview were:

1. Feelings of reward and victory as result of being informed about your ‘home
grown’ electricity.

2. Annoyance as a result of constantly being reminded of your energy
consumption.

3. Guidance and self-confidence as result of the prompts that give constant live
feedback.

The room-displays were perceived as useful feedback to understand how own pro-
duction may cover fully or partly the electricity needed by an activity. The ambient
characteristic of the room-displays built up users’ awareness of the impact of solar
production on the electricity consumption and consequently their (in) dependence
of the grid. A feeling of connectedness with nature was also reported as the visu-
alization showed dynamically the degree by which solar energy, depending on the
time of the day and weather, can meet or not the household’s electricity demand.

On the other hand, sudden peaks of energy use caused by certain electri-
cal appliances (e.g. kettle) were linked to a feeling of frustration, as they would
in most cases surpass the production even though the total consumption of such
device would be less than what was produced at that moment. The absence of
accumulated and historical data aggravated this feeling.

All participants agreed that the wheel-like metaphor was the most valuable part
of the interface in particular in the room-display, being reported as “simple and
understandable at a glance”. In contrast, only few participants preferred the mobile
app to the room-display; for two participants, with little experience with mobile
apps, it was not used at all. Overall, the combination of both interfaces was per-
ceived as pleasant and useful.

24.7 Conclusions

The presented work illustrates a design research project in the area of sustainabil-
ity using the facilities of a Living Lab setting. Insights were gathered from in-situ
interventions in real homes, and Ampul was developed as a quick and functional
prototype in Concept House. As a design intervention, Ampul was deployed to
bring existing and potential users of solar panels to explore and provide feedback
to an interactive and visual concept for home prosumers. This setup allows for
quick iterations in the design and development of a final concept, involving users
as collaborators in the design and testing of quick prototypes. In a future stage, a



24 Designing Ampul: Empowerment to Home Energy Prosumers 323

full-developed service/product will be installed in real homes for an evaluation in
context and for long periods of time. The outcomes are expected to provide quan-
titative and qualitative results on the impact of such concept on sustainability (e.g.
optimization of energy production and consumption) as well as on people’s life-
style (e.g. increase of comfort, quality of life, personal values).
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Chapter 25
Energy Feedback Objects

Tomasz Jaskiewicz, Aadjan van der Helm and David V. Keyson

Abstract It is often assumed that providing occupants with feedback about their
energy consumption will encourage them to understand their own contribution
to energy consumption and stimulate them to save energy as a result. However,
providing such feedback in the form of raw data is known to be too difficult for
occupants to interpret. There are many examples where raw data has been replaced
by easy to read data visualisations, communicated through metaphors, translated
to specific tips, or even turned into playful interfaces and games. However, even
such approaches often have short-lived impact on occupant behaviour, as they are
often not embedded into complex social practices taking place in building envi-
ronments, and providing individual feedback to occupants proves insufficient. The
challenge of developing energy-feedback designs which may trigger lasting behav-
iour change by engaging social practices of building occupants was taken up by
students following the “Interactive Technology Design” (ITD) course at the IDE
faculty of TU Delft.
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25.1 Energy Feedback Objects

Non-residential buildings, such as offices or universities, contribute a large share
of the energy consumption in Europe’s building sector. Various estimates indicate
that even over 30 % of that energy could be saved by changing the behaviours of
building occupants (Lopes et al. 2012). To achieve such change, occupants would
only need to adjust their daily practices to avoid unnecessary waste of energy,
which typically doesn’t require much additional effort or time, or diminish occu-
pants’ comfort. Some examples of such actions can be turning off lights and other
equipment when not in use, turning down heating instead of opening windows in
the winter when too warm, or ventilating by opening windows instead of using air
conditioning on a mild summer day. However, it is difficult for building occupants
to change their daily routines, and, once changed, to maintain them without falling
back into old habits.

It is often assumed that providing occupants with feedback about their energy
consumption will encourage them to understand their own contribution to energy
consumption and stimulate them to save energy as a result. However, providing
such feedback in the form of raw data is known to be too difficult for occupants
to interpret. There are many examples where raw data has been replaced by easy
to read data visualisations, communicated through metaphors, translated to spe-
cific tips, or even turned into playful interfaces and games (Spagnolli et al. 2011).
However, even such approaches often have short-lived impact on occupant behav-
iour, as they are often not embedded into complex social practices taking place
in building environments, and providing individual feedback to occupants proves
insufficient. The challenge of developing energy-feedback designs which may trig-
ger lasting behaviour change by engaging social practices of building occupants
was taken up by students following the “Interactive Technology Design” (ITD)
course at the IDE faculty of TU Delft (Aprile and van der Helm, 2011).

Four groups of students received a design brief to design new kinds of energy
feedback solutions that would be naturally integrated into daily practices of non-
residential building occupants. The building of the IDE faculty was used as a test
case, and each group was assigned to one of the rooms of this building as a design
context. These included a two-person office, an open office, a flexible design stu-
dio space and a large lecture room. Students iteratively conceptualised, prototyped
and tested the solutions. Throughout this process, which consisted of 20 workdays
during a full semester, they sought to gain a deep understanding of the intricacy
of the studied situations, leading to revisions and improvements of their concepts.
Ultimately, four concepts and working prototypes were realised.

The first concept is called “Volt” (Fig. 25.1). It is a desktop power hub with
three sockets, designed for a flexible workspace. When a person working around
the table connects her laptop or phone charger, the device indicates the amount of
energy flowing into the socket. When another person connects to the same hub, the
energy starts to flow to her socket, and stops flowing to the socket of the first per-
son using the Volt device. By tilting the device, the flow of energy can be changed
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Fig. 25.1 The Volt power socket hub provides light feedback to indicate electric energy con-
sumption and enables users to share energy with each other by physically tilting the device

back, or a balanced output can be reached. The device is filled with granular mate-
rial and tilting it additionally provides tactile feedback, giving users the feeling of
electrical energy physically flowing from one outlet to another. Because the inter-
action with the device is very playful, the annoyance of losing power has been
diminished. Instead, the use of the device triggers people to think about the energy
they consume, to develop curiosity about exact energy consumption and the ori-
gin of the energy, and provides an opportunity to discuss these issues with others
around the work desk.

The next concept is a solution for providing energy feedback in the studio
space. Students found that inefficient control of lights was the main contribu-
tion to wasting energy by occupants in the studio. “Akiko” (Fig. 25.2) is a device
designed to replace the light switches, and to become a “host” of the room. Akiko
monitors and controls the lights in the room. It also uses light to express “emo-
tion” corresponding to its understanding of the efficiency of the use of light in
the room. Users wishing to work in the room pick up Akiko at the entrance. The
room lights up sufficiently for users to move around it, and when placed on a desk,
Akiko turns on the stronger lights above. The longer the lights are on, the more
“upset” Akiko gets, and the more erratic the emitted light pattern becomes. When
Akiko is left alone at the table, the intensity of this pattern reaches its maximum,
reminding users to bring it back to the dock at the entrance and by this to switch
the lights off. However, the aim of Akiko is not to punish the users of the space
by sending annoying reminders, but to create an emotional bond with them. By
tapping Akiko, its users can “assure” it that the energy is put by them to good use,
and Akiko calms down and its light pattern returns to its mild state.
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Fig. 25.2 The Akiko prototype uses energy monitoring and control to create an emotional bond
between the user and the studio lighting

The concept presents an alternative to traditional light switches, where occu-
pants of a room build a social relationship with the room based on the room’s
energy consumption. In short, the Akiko device helps to assure users that energy
is used for a good purpose while thinking about energy as a limited resource. It
makes them feel appreciated when saving energy and enforces a habit which is
likely to be carried on also in other rooms not equipped with Akiko.

The “Neo” concept addresses the situation of a two-person office. Unlike the
studio or flexible office context, the two-person office is assumed to be fully occu-
pied by the same two persons. In such a case, more detailed feedback on energy
can help the users to analyse their daily practices. The specific dynamics of two
persons occupying a room are considered so as to stimulate them to mutually
encourage one another to save energy. Neo was designed to provide office users
with an ability to set a daily goal for using energy in the office. It is an aestheti-
cally attractive device hanging on the wall, which uses a diaphragm mechanism to
show the status of the daily energy use (Fig. 25.3). When approached, it displays
an exact value of energy that has been used during the day. In this way Neo pro-
vides office occupants with an attractive energy display, integrating an abstract and
explicit feedback and bringing the energy use into the social sphere of the office
context.

The fourth concept called “Hotspot” addresses the situation of energy con-
sumption in the lecture room (Fig. 25.4). A typical lecture room is continuously
heated or cooled, regardless whether it’s unoccupied, occupied by a small audi-
ence, or used to full capacity. In response to this problem the students designed
a new chair for the lecture room. The chair is individually heated or cooled by
rubbing the armrest. In addition, the chair promotes the clustering of the occu-
pants to optimise the use of energy since the local warmth around a single chair is
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Fig. 25.3 Neo is an aesthetically attractive wall-mounted device that allows office occupants
to set an energy goal for the day and provides both ambient, and detailed feedback on current
energy consumption at the office

Fig. 25.4 The prototype of the Hotspot project involved four lecture room chairs that would
warm up when rubbed, but only if people sat next to each other

increased by adjacent warmed occupied chairs. In this way, the concept also sup-
ports people to cluster in groups with particular indoor climate preferences. In the
Hotspot concept, feedback on energy consumption is formed through requiring
a regularly repeated effort of the occupant to trigger heating or cooling, and the
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effect of energy used can be instantly felt and appreciated, not only by one user,
but the entire group of users in her direct proximity.

For occupants of nonresidential buildings, energy is a resource that is very dif-
ficult to perceive, and, as a result, also difficult to conserve. The four concepts
described in this section present a spectrum of alternative approaches for not only
increasing occupants’ awareness of energy use, but also for triggering emergence
of new kinds of social practices around the goal of saving energy. The initial user
tests performed by the students during the development of the projects and dur-
ing their public exhibition received a positive reception. This encourages further
investigation of energy feedback solutions that, instead of only passively provid-
ing users with energy-use information, actively engage them in rich, interactive
experiences.
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Chapter 26

Relationship Between Building
Technologies, Energy Performance
and Occupancy in Domestic Buildings

Olivia Guerra-Santin

Abstract Building regulations have been updated to improve the energy per-
formance of buildings. However, research has shown large differences between
expected and actual energy performance of buildings. The differences have been
attributed partially to occupant behaviour. Occupants have a large influence on the
actual performance of buildings, creating uncertainties related to the actual energy
savings, payback periods for low carbon technologies, and actual comfort in the
buildings. This section explores the influence that building occupants have on the
actual performance of domestic buildings and the consequences in the develop-
ment of new and renovated low and zero energy housing. Monitoring building per-
formance before and after renovation for retrofit projects, and monitoring building
performance in experimental Living Labs and after the occupancy of buildings are
discussed as potential solutions for occupancy uncertainties.

Keywords Energy consumption + Occupancy * User behaviour + Building
performance - Performance gap

26.1 Introduction

Worldwide, building regulations have been updated to improve the energy per-
formance of buildings. New buildings and buildings that undergo a large reno-
vation mostly comply with building envelope and systems requirements or a
minimum energy performance. As an outcome, buildings recently constructed
have airtight envelopes and efficient heating and ventilation installations, which
in theory should reduce their energy consumption. However, research has shown
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large differences between expected and actual energy performance of buildings
(Sunikka-Blank and Galvin 2012; Guerra-Santin and Itard 2009). The differences
have been attributed to the actual building characteristics and occupant behaviour.

Faults in building envelope and systems can be identified and reduced by
conducting proper commissioning of systems and building envelope tests dur-
ing the construction process and before occupancy, such as air permeability tests
and infrared thermography surveys (Guerra-Santin etal. 2013). As a contrast,
the effects of occupancy are more difficult to predict and avoid. Occupants have
a large influence on the actual performance of buildings, creating uncertainties
related to the actual energy savings, payback periods for low carbon technologies,
and actual comfort in the buildings.

This section explores the influence that building occupants have on the actual
performance of buildings and the consequences in the development of new and
renovated low and zero energy buildings.

26.2 User-Related and Building-Related Energy
Consumption

The effect of the occupancy, and the way to minimize such effect largely depends
on the type of energy targeted. In residential buildings, energy consumption can
be divided into energy for space heating, space cooling, ventilation, artificial
light, domestic hot water, cooking, auxiliary energy and power for appliances and
electronics. These can be classified into building-related and user-related energy
consumption.

Building-related energy consumption is the energy used for services related
to the building itself, such as space heating and cooling, ventilation, lighting and
domestic hot water. These energy services can be directly influenced through
design both in new and renovated buildings. These energy requirements can be
reduced by delivering a better design (e.g. passive design) that allows the build-
ing to retain heat gains in winter, avoid heat gains in summer, and maximizes the
use of natural light. For example, space heating can be reduced by improving the
building envelope characteristics such as increasing insulation level or using dou-
ble or triple glazing. Space cooling can be reduced by providing with the right
amount of shading and ventilation during the summer. Artificial light demand can
be reduced by using as much as possible natural light.

User-related energy consumption is considered to be mostly influenced by the
building’s occupants. Within user-related consumption we can find the energy
used for cooking, use of electronics and appliances. Although the use of energy
efficient appliances and electronics could reduce the energy consumption, the pur-
chase of such products are mostly in the hands of the occupants. Designers and
building regulators have almost no influence on these choices. In order to influ-
ence user-related energy consumption, we could make use of feedback mecha-
nisms and interventions for behavioural change.
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Building regulations often only focus on building-related energy consump-
tion, which is also called ‘regulated energy consumption’, while few solutions
are offered to influence the user-related (or unregulated) energy consumption.
However, building performance is often assessed as a whole. The energy con-
sumption of a building is metered and compared against a benchmark, design
expectations or building simulations. As a consequence, results of these investi-
gations show the above-mentioned differences between the expected and actual
energy consumption.

To carry out building performance assessment, it is necessary to understand
the different effects that the occupants have on building-related and user-related
energy consumption in order to be able to determine the instances in which actual
energy reductions can be achieved. We have identified four ways in which occu-
pancy affects the energy performance of buildings. These are: rebound effect,
pre-bound effect, differences between households, and user-building technology
interaction and building control. These factors have two main consequences in the
building industry and on building research: (1) they create uncertainty related to
the actual payback periods for low carbon technology, and (2) they influence the
actual energy consumption (performance of buildings). Following sections discuss
these factors.

26.3 Occupancy Impact on Uncertainties During
Design and Financing

Building renovation projects, and very low or zero energy new buildings are
associated with high costs and long payback periods. The actual performance of
these buildings is often unpredictable due to the uncertainty provided by occupant
behaviour (Virote and Neves-Silva 2012).

Building simulations are used within new and renovation projects to predict the
building-related energy performance of the buildings. However, simulated occu-
pant behaviour is often based on assumptions rather than measured observations.
Heating set-points, occupancy and schedules, as well as use of lighting and appli-
ances to calculate internal heat gains are based on an ‘average’ household with an
‘average’ occupancy. Therefore, current simulation tools are not a totally reliable
instrument to predict the performance of energy efficiency measures in a building
(Virote and Neves-Silva 2012).

Expected user-related energy consumption is usually based on benchmarks or
on energy calculations based on assumed number and type appliances owned in a
household, and the hours of use per appliance. Although calculating the electric-
ity consumption with an appliance audit could generate more accurate results in a
building with known occupancy, when the assumptions are based on average occu-
pancy, the results can be as uncertain as with building simulations.
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As a consequence of these uncertainties, when the expected energy consump-
tion is compared to the actual energy consumption, the outcome is the so-called
‘performance gap’. The performance gap is actually caused by two different
effects: the pre-bound effect, and the rebound effect. These are explained in fol-
lowing sections.

26.3.1 Pre-bound Effect

The pre-bound effect has been defined as the situation in which, before the reno-
vation, less energy is consumed than expected. According to Sunikka-Blank and
Galvin (2012), as renovations cannot reduce energy that is not actually consumed,
this has implications for the economic viability of thermal retrofits. The expected
energy consumption in renovation projects can be higher than in reality given than,
as mentioned before, in building simulations and energy calculations, an ‘average
household’ and ‘average building occupancy’ are often employed.

There is a large diversity in household characteristics, preferences and lifestyles
of buildings’ occupants, and therefore, large differences have been found between
standardized occupancy patterns and actual occupancy patterns (Guerra-Santin and
Itard 2012). For example, a single young adult with full-time employment would
spend only few hours at home everyday, therefore requiring less energy for heating
than a household with two retired seniors that spend most of their time at home
and who, because of their age, require higher thermostat settings.

In renovation projects in which someone has to finance the low carbon tech-
nologies, payback periods and return of investments are very important for the
success of a project and to keep implementing these technologies in new projects.
More complexity is added in multi-family properties, and rental properties, in
which the incentives for saving energy are split between tenants and landlords.

Building research focused on developing occupancy profiles, occupancy pat-
terns, and diversity profiles can help to diminish the uncertainties on payback peri-
ods and investments in low carbon technologies.

26.3.2 Rebound Effect

The rebound effect has been widely studied in recent years. The rebound effect can
be defined as the increase on energy consumption in services for which improve-
ments in energy efficiency reduce the energy costs (Herring and Sorrell 2009).
Rebound occurs when people compensate for efficiency improvements by increas-
ing their spending (Hens et al. 2010). The rebound effect can be direct or indirect.
A direct effect is seen when energy consumption increases on the same service
in which the efficiency was improved (e.g. space heating). An indirect effect is
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seen when energy consumption is increased on a different service or activity (e.g.
savings on energy for heating are ‘spent’ on an intercontinental flight). Within the
context of this research, we only focus on the direct effect.

The rebound effect is found mostly on energy consumption for heating. For
example, after renovation, a household can expect lower energy bills and thus
decide to set the thermostat to a higher temperature level to increase their comfort.
However, it is important to investigate the origin of the extra expenditure, since
the increase on temperature could be a response to an actual need, for example
fuel poverty: a household in the past might have set the thermostat to a lower tem-
perature level in order to keep energy bills low even thought they always needed a
higher temperature.

In addition, it is important to consider that the rebound is in some cases, not a
consequence of the user’s choices or behaviour, but a consequence of new technol-
ogies. For example, changing a manual thermostat for a programmable thermostat
during renovation might increase energy consumption. The programmable thermo-
stat will switch on the heating system before the time stated in the program, as the
system requires some time to heat the spaces at the desired temperature.

The rebound effect can also be a matter of switching energy demand from one
service to another. Old houses often only have natural ventilation or mechanical
exhaust ventilation, which implies a null or very low energy consumption related
to ventilation. New and renovated buildings usually have heat recovery ventila-
tion, which employs more energy than mechanical exhaust or natural ventilation.
However, a heat recovery ventilation system would imply less heating losses, and
thus, lower energy demand for space heating. A similar effect can be found in new
and renovated buildings due to the use of auxiliary energy to run systems. This
type of energy is often not included in benchmarks, since there is no comparison
point before the renovation or in old buildings. Because of this matters, it is impor-
tant to carry out energy performance assessments with sub-metered data.

26.3.3 Performance Gap

The rebound and pre-bound effects, as well as the performance gap, could be con-
sidered an ‘artificial’ or research-made problem, since the gap is only produced
when an ‘expected’ energy consumption is defined (source: results from work-
shop UserTec, Copenhagen 2015). Therefore it is important to assess well how the
expected performance was calculated, what assumptions were considered, what
type of energy services were included, and so on. Assumptions are particularly
important when the performance baseline is a building simulation calculation,
while knowing the services included and the type of reference building are par-
ticularly important when the baseline is a benchmark.

For example, during building simulations and energy calculations, it might be
assumed that in the building, the clothes will be air-dried, that a building is empty
during weekends (e.g. schools), or that the systems will be switch off during



338 0. Guerra-Santin

non-working hours. On the other hand, a benchmark might not include energy
consumed by elevators, or security cameras, as well as the use of auxiliary energy
for new technologies.

Rebound and pre-bound effects can be minimised by knowing better the con-
text of the users, their actual requirements and their actual capacity for changing
behaviour. This information can be obtained through monitoring campaigns and
research in Living Labs.

26.4 Occupancy Impact on Actual Energy Consumption

The effect of occupancy on actual energy consumption refers to the comparison of
a dwelling’s energy consumption with similar dwellings or relative to the dwelling
itself. The consequences of this influence are not related to financing or uncertain-
ties, but to the design and use of the buildings.

It is common to read within building research that the actual energy consump-
tion of similar dwellings varies up to a factor of 2 (Fokaides et al. 2011; Doran
2005; Danielski 2012; Bell et al. 2010). These differences can be caused by two
main factors: by differences between households, and by the interaction between
user and building technology. These topics are reviewed in this section.

26.4.1 Differences Between Households

A third way in which the user affects the actual energy consumption in buildings
is due to the differences between households. As mentioned before, the pre-bound
effect is caused by considering an average household as a basis for calculations.
However, differences between households can be quite large. The factors identified
as influencing energy consumption are:

(1) Demographics can greatly influence the energy requirements in residential
buildings. Two of the main factors affecting energy consumption in dwell-
ings are household composition (Schipper et al. 1982; McLoughlin et al.
2012), and age (Kane et al. 2015; Wei et al. 2014) especially in regard to the
presence of children and elderly people (Verhallen and Raaij 1981; Guerra-
Santin and Itard 2010; Guerra-Santin et al. 2015; Yohanis et al. 2008). For
example, older occupants might require more energy for heating than
younger occupants given their low activity level and (sometimes) poor health
condition. However, younger households might require more energy for elec-
tronics than older households. Large households with children will consume
more energy than smaller households since they occupy more spaces, require
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more hot water, and consume more meals. Demographics of a household
are factors that cannot be changed, and they would always have an effect on
energy use. It is important to add, however, that these factors will change
over time within the household. The use of household profiles in building
simulation is therefore important in building research.

(2) The background of the household could also have an effect on energy
demand. Occupants from warmer countries might require higher heating set-
tings than occupants from cooler countries. In addition, culture could also
have an effect on airing patterns and cooking habits. This aspect is especially
important when we address renovation projects in segregated areas or in
mixed neighbourhoods.

(3) Lifestyle and schedules of households also affect energy consumption.
Households spending more time at home would consume more energy than
those with busy schedules away from home. In the same way more active
households could be using less energy than more sedentary households.
These factors are closely related to household composition, which are rela-
tively permanent, but also to socio-economical factors, which could change
over time.

4)  Socio-economical factors also affect energy consumption, for example
employment status (Verhallen and Raaij 1981; Yohanis et al. 2008; Kane
et al. 2015), income (Meyers et al. 2010; Wei et al. 2014), tenure (Kane et al.
2015; Guerra-Santin et al. 2009; Wei et al.2014); and educational level (Wei
et al. 2014). However, the effect of these factors might depend on the country
or region of study.

(5) Other issues such as health related habits (i.e. smoking), attitudes towards
energy saving or environmental awareness, and preferences for comfort
can also have a great influence on energy use. These factors are more dif-
ficult to determine, since they are more subjective and can very across time.
However, these could have a large effect on the success of energy reduction
campaigns and interventions for behavioural change.

Some occupant-related effect on energy consumption can be minimised by provid-
ing people with the right feedback and information regarding the impact of their
choices: for example, by changing airing routines (use of a higher setting on the
heat-recovery ventilation instead of opening windows on cold days) or not heat-
ing unoccupied spaces. Changing behaviour towards more sustainable practices
can significantly reduce the energy consumption in buildings (Palmborg 1986;
Ryckaert et al. 2010; Yun et al. 2010; Green Building Council 2011; Nguyen and
Aiello 2013). However, there are conditions that cannot be changed. For example,
elderly people spend more time and home and heat to a higher degree because of
their low activity level. However, these practices follow an actual need and cannot
be changed. As a contrast, a household that heats their home when is not occupied
could change these practices.
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26.4.2 User-Building Interaction and Control

With the incorporation of new technologies in renovated and new buildings, occu-
pants are faced with complex systems that are difficult to operate, which can lead
to an increase on energy consumption and a decrease in overall satisfaction (Cole
et al. 2008; Stevenson et al. 2012; Stevenson and Leaman 2010; Maier et al. 2009;
Thomsen et al. 2005).

According to Meyers et al. (2010) the barriers to the adoption of monitoring
and control technologies (programmable thermostats, smart meters, zone heating,
automated sensors and wireless communication infrastructures) are lack of con-
sumer awareness of the technologies, high costs due to lack of economies of scale,
and difficult user interfaces. Complex systems will not be adopted if consumers
cannot invest the time to understand and use the system. Such systems should be
designed for usability with intuitive interfaces.

In order to increase the probability that a building performs as expected, it
is also necessary to provide occupants with clear instructions to understand and
operate the building. Several authors have stressed the importance of providing
clear operation manuals and inductions to new homes (Stevenson and Rijal 2010;
Leaman et al. 2010). Within building research, we can make use of re-enactment
and home walkthroughs to investigate the way in which occupants operate their
homes.

26.5 LivingLabs to Reduce User-Related Uncertainties

In recent years, research has focused on occupancy monitoring studies to (1) pro-
vide data for building simulation to improve building models and energy calcula-
tions (Heo et al. 2012; Sun et al. 2014; Raftery et al. 2011; Kashif et al. 2013; Lee
and Malkawi 2014), (2) using real time monitoring data to control building sys-
tems (Dominguez et al. 2013; Oldewurtel et al. 2012; Privara et al. 2012; Alvarez
et al. 2013; Yang and Becerik-Gerber 2014; Aria and Akbari 2014), and (3) to pro-
vide interfaces to change behaviour (Kanga et al. 2012; Jain et al. 2013; Huebner
et al. 2013). Monitoring campaigns are however, time consuming given the com-
plexity of working in real-life settings. Issues such as privacy and safety often
rise in this type of studies. Living Labs can provide the necessary infrastructure to
implement this type of building research.

The investigation of occupancy patterns (presence at home), indoor conditions
(temperature, indoor air quality), occupant behaviour (use of heating and ventila-
tion systems) and occupancy practices, can help to determine and reduce the effect
of occupants on building-related energy consumption. These studies can be car-
ried out in pre-renovation monitoring campaigns, or in post-occupancy monitoring
campaigns. These are discussed in the following sections.
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26.5.1 Pre-renovation Monitoring to Diminish
User-Related Uncertainties

Pre-renovation monitoring campaigns have been suggested as a mean to increase
the energy performance of renovated buildings (Gupta and Chandiwala 2010).
Pre-renovation campaigns can be carried out to provide actual user information
for building simulation programs and to determine the actual user requirements
in renovation projects. This type of occupancy investigation can help to reduce
uncertainties related to pre-bound effects and can also foresee issues related to
energy performance that rise from differences between households.

Monitoring campaigns can provide with detail information to be used as input
on building simulation software, or can be used to calculate electricity consump-
tion when combined with the power of appliances. According to various authors,
more accurate occupancy patterns could improve the results of building simula-
tions (Lee and Malkawi 2014; Johansson et al. 2011; Virote and Neves-Silva
2012). The disadvantage of these studies is related to the fact that the results can-
not be generalized to a wider population; at best, the patterns can be considered
as characteristics of the type of household and building in which the monitoring
campaign was carried out (D’Oca and Hond 2015).

26.5.2 Post-renovation/Post-occupancy Monitoring
Campaigns

Post-renovation or post-occupancy (new buildings) monitoring campaigns are
mostly carried out on experimental or prototyping projects. One of the main objec-
tives of these campaigns is to inform designers to improve future projects. In these
projects it is possible to test the impact of the user on the low carbon technologies,
and the level of control and understanding of the occupants.

Post-renovation or post-occupancy (new buildings) monitoring campaigns are
less often carried out in real-life projects, with the actual occupants. Often, these
sorts of studies are commissioned by the owner of the building. Through these
types of monitoring campaigns, it is possible to provide a building diagnosis to
improve the performance of the building. These occupancy studies can focus in
three different aspects: energy consumption, building operation, and occupants’
comfort (Guerra-Santin and Tweed 2015a, b). Ideally, these campaigns would be
for a minimum of one year in order to capture the performance of the building
in all seasons (especially when comfort is investigated) and in order to allow for
enough time of building fine-tuning.
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26.6 Closing Remark

Living Labs offer new possibilities to study buildings’ occupants in their context, a
factor of particular importance to establish occupancy practices and personal com-
fort. Further research should be directed towards methods to integrate the results
from these studies into building design, perhaps through the implementation of a
feedback mechanism embedded into BIM systems.
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Chapter 27
Influence of User-Behavior on Energy
Efficiency

Tanja Lovri¢ and Viktor Grinewitschus

Abstract How is the composition of the final energy consumption of private
households for heating? Is there a portion which is influenced by user behavior,
and can this portion be captured with suitable equipment? Is it possible to reduce
this portion by applying appropriate auxiliary devices (assistance systems)? What
is the potential in different types of buildings, which how much can be saved in
this way?

27.1 Introduction

The demand of heating energy consumed as final energy in households for main-
taining a comfortable indoor air temperature and temperature of the surrounding
surfaces is composed by a share for heating and for ventilation. In this work we
do not consider the energy used by the mechanical ventilation system because the
households we monitored had no such system.

However, every human being has a different need for fresh air through the ven-
tilation, depending on the personal preferences for air quality. Furthermore, each
person performs this action in different ways (duration and type of opening of the
window).
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Within the project period, three winter periods were monitored to answer the

following questions:

What is the current situation in the households concerning the heating and ven-
tilation behavior of the residents?

Does this behavior change and how does it change when we provide assistance
devices to the user?

e Which assistance systems are suitable for this purpose?
e Which influence do the ventilation assistance systems have on the heating

energy consumption in the households? Is an improvement of indoor air quality
inevitably accompanied by an increased consumption of heating energy?

What about the user acceptance of such assistance systems and is a so-called
Honey-Moon effect observed when the systems are applied? We can observe the
so-called Honey-Moon effect when assistance systems are applied for longer
time period. The participants forget the former resolution concerning the change
of the ventilation and heating behavior and goes back to the old habits.

How does the heating demand change when we give feedback to the user about
his daily heating energy demand?

27.1.1 Winter Pilot 1

Eighty households with different fuel kinds for heating system took part in the
winter pilot 1. The year of construction of the houses was between 1895 and 2002
and the year of installation of the heating systems was between 1969 and 2012.
Table 27.1 shows the structure of the heating systems in winter pilot 1.

27.1.2 Winter Pilot 2

In winter pilot 2, 40 households took part in the measurement. The houses were
constructed between 1903 and 2000, while the year of installation of the heating
system was from 1963 to 2013. Table 27.2 shows the structure of the heating sys-
tems in winter pilot 2.

Table 27.1 Heating systems Type of heating systems N
of the registered households Gas boil 51
in Winter Pilot 1 as borer
District heating 7
Oil boiler 13
Coal and wood-fired oven 2
Electrical night storage heater 6
Air-water heat pump




27 Influence of User-Behavior on Energy Efficiency 347

27.1.3 Winter Pilot 3

For winter pilot 3 an online survey was created with questions about the building
and user behavior.

The year of construction of the houses was between 1900 and 1999. The year
of installation of the heating systems was between 1992 and 2014 and 76 % of
them were installed after 2000. Table 27.3 contains the main characteristics of our
sample, information obtained from the online survey.

Our measurements could only be performed in the households with gas boiler,
district heating or CHP. For other heating systems it was not possible to detect the
consumption within the measurement period. In the Table 27.4 are listed different
energy efficiency measures concerning the building, which participants carried out
in last years.

A number of people living in the dwellings and their normal ventilation behav-
ior are seen in the Tables 27.5 and 27.6.

Table 27.2 Heating systems Type of heating systems N
of the registered households Gas boil 8
in Winter Pilot 2 as Dorer
District heating 7
Oil boiler
Air-water heat pump 1
Table 27.3 Heating systems Type of heating systems N
of the survey registered Gas boil 41
households in Winter Pilot 3 as borler
District heating 3
Oil boiler 1
Wood pallet stove 1
CHP 1
Table 27.4 Energy Energy efficiency measures N
efficiency measure on the I, - .
s . . Additional external insulation 14
buildings carried out since -
building construction? Renewed window 25
Renewing heating system 29
Table 27.5 Number Household size N
of people who live in -
households Single-person household 3
Two-person household 15
Three-person household 12
Four-person household 6
Five-person household 5
Six-person household 2
Seven person household 1
Not specified 2
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Table 27.6 Ventilation behavior of the participants

Window behaviour N
The window is to ventilate sometimes even for more than 30 min on tilt ventilation 9
The window is fully opened for ventilation for a short period 24
The window tilted for ventilation for a period of 10-30 min 9
The window tilted for ventilation for a period of 5-10 min 2
The window tipped for fresh air only for a short time (less than 5 min)

27.2 Measuring Equipment

To compare measurements in different months, the energy consumption was cor-
rected by using heating degree days and estimating the yearly energy consump-
tion. We recorded the gas consumption with impulse measurements (0.1 m?>/
impulse or 0.01 m¥impulse). With the measured load response measurement we
could analyze the gas consumption on daytime hours.

27.2.1 Measuring Equipment in Winter Pilot 1

Indoor air quality measurements were carried out using a mobile sensing device
Testo 435 (Fig. 27.1) with a sensor probe containing a COssensor, a temperature
sensor and a relative humidity sensor. Data logging was possible on an internal

Fig. 27.1 Indoor air quality
measurement by Testo 435
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storage device. The measurement rate was every 3 min with infrared gas sensors
(NDIR). A non-dispersive infrared sensor (or NDIR sensor) is a simple spectro-
scopic sensor often used as a gas detector. It is non-dispersive in the sense of opti-
cal dispersion since the infrared energy is allowed to pass through the atmospheric
sampling chamber without deformation.

27.2.2 Measuring Equipment in Winter Pilot 2

Additionally to the IAQ Logger we used LUQA indoor air quality monitor in
2nd winter pilot. Besides the measurement of indoor air quality and displaying it
LUQA monitor (Fig. 27.2) has a log function for the internal long-term record-
ing and a USB interface including analysis software with charts (Fig. 27.3). It has
been designed to monitor temperature, humidity, and CO2 levels as well as vola-
tile organic compounds (VOC) in indoor air. LUQA TAQ monitor has an internal
storage device for logging data for two weeks in one minute step. LUQA indoor
airquality monitor has three light colours for signalling following three CO»-
concentration levels:

Green—CO?2 level<1000ppm—good air quality and no action needed

Yellow—1000ppm<CO2 level<1500ppm—acceptable air quality

Red—CO?2 level>1500ppm—bad air quality—airing recommended

Fig. 27.2 LUQA indoor air
quality monitor (source Www.
elk.de)
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27.2.2.1 Home Automation Systems

Home Automation Systems consisting of convenience products such as RWE
Smart Home (Fig. 27.3), were used in SusLabNWE Field Testing winter pilot
2014 in 19 households with the purpose of saving heat energy. One System con-
sisting of door/window sensor, wireless radiator thermostat and gateway using
radio connection for the communication with the database and the server was
used. The door/window sensor consists of two elements, one of the parts is
mounted on the moving part of the window or of the door, and the other part is
placed on the frame.

If an action is detected, the window sensor sends a signal to the radio com-
munication (846 MHz) network main controller (gateway). Wireless radiator ther-
mostat is mounted on radiator heating valves and controls them by a motor. If the
window is opened the radiator thermostat valve will reduce the heating for the
time of the window opening. There is GUI (graphical user interface)for heating
profile (Fig. 27.4) settings which allows setting different time-temperature-profile
for each day and each room.

27.2.3 Measuring Equipment in Winter Pilot 3
27.2.3.1 HRW Prototype

In the winter 2014/15 (WP3), the RWE Smart Home System, and the HRW
(Hochschule Ruhr West—University of Applied Sciences) prototype home
automation system with GUI feedback of the indoor air quality and heat con-
sumption (same as in winter pilot 2) were installed in 20 houses. For the HRW
prototype (Fig. 27.5) the mini computer Odroid was used in combination with a
Z-Wave-USB-stick (Aeon) as main controller (gateway) wireless radiator ther-
mostat, Danfoss (Fig. 27.6) and window/door sensor. The Odroid is, just like the
Raspberry Pi, a deck-of-cards sized ultra-low cost Linux computer.

Fig. 27.3 RWE Smart Home
(http://www.rwe-smarthome.
de) -



http://www.rwe-smarthome.de
http://www.rwe-smarthome.de

27 Influence of User-Behavior on Energy Efficiency

A" RWE SMARTHO) SUCHMODUS  HAUSSTELERUNG

351

BAD

KOCHE

WOHNZIMMER

SCHLAFZIMMER

KINDERZIMMER

’@‘ Schlafzimmer-Regelung

V' aie ) Montag ' Dienstag V' Mittwoch V' Donnerstag / Freitag W/ Samstag ' Sonntag

Fig. 27.4 Graphical User Interface—RWE Smart Home (source www.rwe-smarthome.de)

mi\Ntﬂ"“‘f?f——--"""_
aad® gl .
. - ,4"—— o .""
Sensor for , €O, and humidi e ‘@6\“,.'
over Raspberry Pl B+ LT o
_,—" "—"1 -
L - =
Thermostat - ——— |
vad
Contact sensors at doors/ ofi
windowrs A
ﬁ'lﬁ”an
ot -
ot -
onco ™
t-etd"““ -

Open Hab-App for Android and i05

_-*"  Z-\Wave Gateway or

Z-Wave-Stick for PC

LAN/ WLAN connection

R

Data transfer

Database

Fig. 27.5 HRW home automation prototype with Z-Wave radio communication, sensor box and

gas consumption logging device


http://www.rwe-smarthome.de

352 T. Lovri¢ and V. Grinewitschus

Fig. 27.6 Wireless radiator
thermostat, Danfoss Source
http://www.danfoss.com

The window/door sensor consists of two elements. One part is mounted on the
movable part of the window and the other on the fixed part of the window or door.
In case of change of position (closing or opening), the sensor is sending a signal to
the Z-Wave network controller (Gateway). It is a part of HRW Smart Home proto-
type which was only used in 3rd winter pilot.

27.2.3.2 Odroid Key Features

Odroid is the powerful Linux computer with 1.7 GHz Quad Core processor and
2GByte RAM 10/100 Mbps XUbuntu 13.10 or Android 4x Operating System.
With its size 83 x 48 mm, weight 48 g including heat sink it is very handy. Odroid
is used as a gateway for the HRW home automation prototype.

27.2.3.3 Gas Meter Impulse Counter

A gas meter impulse counter was used in 25 households (including the households
with RWE Smart Home, HRW smart home prototype and LUQA Monitor) for
recording the heat energy consumption in the course of the day and to find out
more information about the use of the home automation system.

The IN-Z61 (Fig. 27.7) is a retrofittable low frequency pulse generator for all
Elster diaphragm gas meters BK-G2.5 to BK-G100. It is a pulse sensor for all Z6
indexes in Elster-Instromet diaphragm gas meters. A generator magnet in the first
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Fig. 27.7 IN-Z61 gas meter - =
impulse counter used for 0.01
m>/impulse measurements

(http://www.elster-instromet.
com/de)

or second powered roller of the Z6 index switches a reed contact in the IN-Z61. It
is fastened to the index with a separate seal.

27.2.3.4 Comfort Dail by TU Delft, Netherlands

In four households sensor nests were installed (in two rooms each). We also gave
the possibility to the participants to give us feedback about their personal percep-
tion of the thermal comfort in the room. Furthermore, it was possible for the users
to give us a feedback about what they changed in order to improve this comfort
level if it was not satisfactory. For this purpose participants used Comfort Dail and
the app.

27.2.3.5 Wireless Weather Station at Campus Bottrop

Davis Instruments Vintage Pro2 Plus was installed on the roof of the new univer-
sity building in Bottrop (Fig. 27.8), Germany and provides the local weather data
(temperature, relative humidity, wind speed, wind direction and solar radiation) of
the Bottrop area.


http://www.elster-instromet.com/de
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Fig. 27.8 Davis instruments Vintage Pro2 Plus

27.3 Results

Besides the CO2 concentration and temperature the energy consumption was
measured. To compare measurements in different months, the energy consump-
tion was corrected by using heating degree days and estimating the yearly energy
consumption.

27.3.1 Limitations of the Design

The use of smart home system was not facile for all participants. Some daily pro-
files were adjusted by the participant at a much higher temperature than before
measurements. By manual intervention, the automation system has been prevented
in the correct function. Some participants, who received the system by post, were
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not able to set up the system. Some participants did not manage to assemble the
radiator thermostats. This experience shows us that such systems are not appropri-
ate for 100 % of the population and that much more is necessary to support indi-
vidual users.

The programming of the HRW smart home system with the Z-Wave wireless
technology was delayed. It could be used only in 5 households. These 5 house-
holds had used the heating almost continuously over the day until late in the spring
due to the cool weather period.

Both Smart Home systems (RWE and HRW) had, in some cases, problems with
the accessibility of the gateway through the window sensors.

In many cases mistakes were made in installing or in the settings of the sys-
tems by the participant. Therefore it is recommendable to check if the used system
really does what it should do and if the settings are correct. In many cases par-
ticipants could install the devices themselves, but in 60 % of the cases they needed
help. It cannot be concluded based only on a field test if the use of such devices
as the LUQA TAQ monitor is of permanent benefit. The feedback from the par-
ticipants regarding the use of the devices was in any case very positive and many
participants aim to purchase such devices in the future. The saving potential we
identified was significant enough to justify further research.

27.3.2 Winter Pilot I—Monitoring the Base Line

Measurements of indoor air quality were carried out in 80 households between
November 2012 and March 2013. Motivation of participants was not only based
on prospect of energy and costs savings but also on increasing comfort. We asked
the participants not to change their normal ventilation and heating behaviour dur-
ing our measurements. The apartments were equipped with mobile data loggers
in different rooms for 1-2 weeks. Indoor air temperature, relative humidity and
COjconcentration were recorded with a time resolution of 3 min. After collecting
the loggers the data was transmitted to a SQL data base.

In Fig. 27.9 is to see the average Indoor air temperature in the dwellings refer-
ring to calculated thermal energy consumption. The y axis refers to the measured
indoor air temperature and the x axis refers to the calculated energy consumption
for heating. Calculated energy consumption represents the forecasting of measured
energy in 2 weeks of the pilot without using any assisting device by correcting for
heating degree days.

On average the households with automatic temperature control have a lower
indoor air temperature than households without automation (see black rectangle
marker in Fig. 27.10).

Our results show that ventilation habits influence energy consumption more
than the temperature level of the room. Good ventilation habits can be termed
as often but short ventilation periods and bad ventilation habits can be termed as
long periods of ventilation through opening the windows. Automatic temperature
control is used to reduce room temperature level during the absence of the user.



356

Average Indoor Air Temperature [°C]

30

25

20

15

10

T. Lovri¢ and V. Grinewitschus

@ Dwellings without home automation ODwellings with home automation
°
o °
o o o o [=F>) °
° Oe°g o°0 G990 o °
° o (] [=]
o
. o
a

50 100 150 200 250 300 350 400 450 500
Calculated Heat Energy Damand of Dwellings [kWh/m? *a]

Fig. 27.9 Average indoor air temperature referring to calculated thermal energy consumption
(forecast based on heating degree days) (Grinewitschus et al. 2013)
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This improves energy efficiency even further. We have found automatic tempera-
ture control systems only in 5 % of the households investigated. These households
have energy consumption lower than average and can be characterized by very
efficient ventilation behaviour.

27.3.3 Winter Pilot 2

Measurements were repeated in a new field test (winter pilot 2) for a period of two
weeks in 40 households. The first week was used to discover the baseline indoor
air quality and heat energy consumption. In the second week two systems were
deployed: a LUQA TAQ monitor and RWE smart home system. Using a LUQA
TAQ Monitor the indoor air quality of 50 % of households rose significantly.

To compare measurements in different months, the energy consumption was cor-
rected by using heating degree days and estimating the yearly energy consumption.

27.3.3.1 Results Using RWE Smart Home

Many participants set the room temperature to a higher level than before and
kept it at a high temperature for much longer than they normally did before.
This explains why in many cases additional energy consumption (negative
bars in Fig. 27.11) resulted in week 2. We compared the calculated heat energy
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Fig. 27.11 Calculated heat energy savings and additional consumption in the second week using
RWE Smart Home system for single room temperature control (Grinewitschus et al. 2015)
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Fig. 27.12 Average indoor air temperature in the bathroom of the participant P0.147 from Mon-
day to Friday, with assisting device (round marker) (RWE Smart Home) and without the assist-
ing device (asterisk marker) (Grinewitschus et al. 2015)

consumption in the first and second week to find the savings and additional
consumption.

Finally, we found that dwellings where savings were recorded through the use
of home automation had a pronounced day-temperature profile as shown in Figs.
27.12 and 27.13.

A pronounced temperature profile shows us that the participant had lowered the
temperature in his absence and during the night, which resulted in the saving of
heating energy.

Savings on energy for heating resulted from using both systems. A hundred per
cent was not achievable nevertheless about 77 % of the households achieved from
1.4 to 31 % energy savings using a LUQA monitor, even if the LUQA monitor
was designed only for assisting in indoor air quality. About 67 % of the house-
holds that used the smart home system achieved energy savings of between 5 and
25 %.
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Fig. 27.13 Mean indoor air temperature in the bathroom of the participant P0.152 for Monday
to Friday, with assisting device (round marker) (RWE Smart Home) and without the assisting
device (asterisk marker) (Grinewitschus et al. 2015)

The influence or the use of the smart home system is shown in Fig. 27.14 for
the household P0.033. The distinct reduction of indoor air temperature during the
night and also during the day (absence time) is evident in the temperature heat
map. Overheating periods are also not as distinctive as in week one.

27.3.3.2 Results Using LUQA Monitor

Via feedback to the user, the indoor air quality improved in houses that previously
had a poor air quality. Using the CO2 and relative humidity sensors as an indica-
tion of indoor air quality, it is possible to increase the energy efficiency with a
more purposeful airing behaviour. Users recognized, through the indoor air quality
assistance device, that airing was needed and in doing so they could prevent mois-
ture damage to the building. Households with very good indoor air quality and
relatively high heating energy consumption now were able to allow shorter airing
periods and so achieved higher energy efficiency.



360 T. Lovri¢ and V. Grinewitschus

18:00

Time
o
=1

Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed
Day of Measurement

OOz-Conoerlraticn [ppm] P0.033 living-room

Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed

Day of Measurement

Fig. 27.14 Temperature and CO2-Concentration heat map of the indoor air in the living room of
the participant P033—two assisting devices: RWE Smart Home and LUQA Monitor (Grinewits-
chus et al. 2015)

The following conclusion was reached regarding the average CO2 concentra-
tion of the indoor air evaluated. The measurements were divided in 2 weeks: the
first week of measurement (status quo week) and the second week using home
automation or LUQA TAQ monitor. The improvement was detectable in most
households which used a LUQA monitor.

As shown by the average CO2 concentration Due to the mean CO2 concentra-
tion (Fig. 27.15), the households that used a LUQA TAQ monitor showed more
frequently a higher indoor air quality (lower CO2 concentration) in the second
week. Therefore we can identify two groups of indoor air quality: the first group
of participants with, on average, a rather low CO2-concentration (<800 ppm) and
the other group with, on average, a rather high CO2-concentration (>900 ppm).
While the households group with low CO2-concentration of indoor air did not
change very much during the second week, the group of households with higher
CO2-concentration experienced remarkable changes in the second week. Four out
of five households with high CO2-concentration improved the indoor air quality
reducing on average from 120 to 330 parts per million CO2.

The shifting of the CO2 concentration density from higher level in the week 1
to lower level in the week 2 is to see in the Fig. 27.16.
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Fig. 27.15 Mean CO2 concentration in the week 1 (without LUQA monitor) and week 2 (using
LUQA monitor) in the living rooms of the households (Grinewitschus et al. 2015)
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27.3.4 Winter Pilot 3—Prototyping of Assisting Function

For the prototyping we tested different options for user assistance:

1. Visualization of CO2 level (supporting airing behaviour)
2. Visualization of energy consumption (gas metering)

3. Indoor air temperature control by home automation

4. User feedback about comfort level (comfort dial)

In the first part, HRW developed the indoor air sensor with logging function
and graphical user interface (CO2, indoor air temperature, relative humidity).
Requirements for this were:

e Temporal scalable measurement and persistent storage of the parameters CO2
content of the ambient air (ppm), air temperature ( C) and relative humidity (%).
e Possibility of local storage of the data, data analysis and transfer to a central.

An approach for a graphical user interface was developed based on the analysis
and storage of data. The participants could achieve on this way visualization of the
current indoor air quality, which can be provided by desktop computers as well as
tablets and smart phones. The integration in the wireless network to network the
sensors could take place, so that a central visualization of data was made possible.

In the winter 2015 RWE Smart Home System, home automation system and
the HRW prototype home automation system with GUI feedback of the indoor air
quality and heat consumption will be used in each 10 households. For HRW pro-
totype Raspberry PI combined with z-wave-USB-stick (Aeon) was used as main
controller. The Raspberry Pi is an ultra-low-cost, deck-of-cards sized Linux com-
puter, developed by the Raspberry Pi Foundation in the UK. Gas meter impulse
counter is used in 30 households for recording the heat energy consumption in the
course of the day and to find out the use of the home automation systems.

The software MatLab has been created to investigate the correlations meas-
ured. These visualizations include carpet plots and scatter plots. The environment
includes thereby the automated reading of values (connecting to the database,
query of the values) as well as the processing and storage of files.

At the start of the measurements in the winter pilot 2014/15 we hypothesized
following:

Hypothesis 1. Participant airing behavior significantly improves if the user
receives information from an assistant device.

Hypothesis 2. Not only indoor air quality improves but also participants are
able to conserve heating energy.

Hypothesis 3. Using a home automation system means significant savings can
be made on heating energy.
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27.3.4.1 Gas Metering and the Meaning of the Heating Characteristic
Curves

The heating characteristic curves are intended to represent the heating consump-
tion in a household as the sum of the gas consumption of a day divided by the
ruling average outdoor temperature. The analysis of consumption data is a sta-
tistical model for the reaction of the heating energy consumption on changing
temperatures in the core. At the same time, the parameters of this model (“regres-
sion analysis”) are parameters that describe the thermal state of the building with
a high degree of precision (DIN EN 12831, bbl. 2 and DIN V 18599, bbl. 1).
Through an extension of this linear slope, forecasts can be made for the consump-
tion at expected falling or rising outside temperatures. The slope of this curve (in
Germany “Energie Signatur™) is an indication of the quality of the building fabric
of a building in terms of transmission and ventilation heat losses. To analyse the
daily consumption in the Winter 2014/15, we have looked at the heating energy
consumption separately for two intervals, the interval with assistance device and
the interval without assistance device, creating two curves. With the analysis we
were able to determine the differences in the slope of the curves (with and without
assistance systems).

27.3.4.2 Measurements with LUQA—Monitor

Figure 27.17 shows the characteristic curves for the two sections of a single-fam-
ily terraced house from 1981 which used air quality monitor LUQA as an assistant
device for energy-efficient ventilation.

In this house, underfloor heating and CHP by Innovation City is operating since
2014. The windows were also replaced by more efficient recently. In this case,
there is usually someone at home throughout the day, which means that the heat-
ing has to be continuously on. The window is fully opened for ventilation for a
short period.

The gradient of the curve is significantly lower in the assisting interval (dashed
curve) than the slope in the interval without assisting device (solid curve). We
could conclude that by observing of IAQ monitor light participants have reduced
ventilation duration the and thus the heating energy consumption reduced.

Figure 27.18 shows that the indoor air quality has improved over the course of
two weeks in the observed dwelling (P0753), with the exception of a peak. While
CO2 concentration in the first week stayed under the 1500 ppm threshold (the
orange light of the LUQA TAQ monitor) the participant kept CO2 concentration in
the second week mostly under the 1000 ppm threshold (green light in the feedback
device).
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Fig. 27.19 Temperature in the living room of the dwelling PO753 during the 2 weeks using
LUQA monitor

Temperature stayed at almost the same level during the two weeks as shown in
the Fig. 27.19.

There were also dwellings in which the CO2 concentration had increased after
the first week of using LUQA monitor. This effect of easing the good intentions
has also to be considered when the use of such assistance systems in the general.
For the improvement of indoor air quality through attention of the CO2 indica-
tor is a matter of personal attitude, which shows us in turn the importance of user
behavior and complexity of influencing behaviour.

Figure 27.20 shows heating characteristic curve of the dwelling refers to a 5
person’s detached house from 1903. The cellar and attic are not heated. No insula-
tion measures have been made lately but the windows were replaced. The heating
energy consumption is the sum for space heating and hot water. There is always
somebody at home (specified by the participant of the online survey).The window
is widely opened by the participant for ventilation for about 5-10 min.
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Fig. 27.20 Heating characteristic curves of the building for two intervals in household which
used RWE Smart Home System in the first Interval (dashed curve)

27.3.4.3 HRW Smart Home Prototype

In five dwellings, the HRW Smart Home prototype was installed, which uses
Z-Wave wireless radio wave. This installation could only be used towards the end
of winter 2014/15 pilots. Figure 27.21 shows a set temperature time profile and the
indoor air temperature in the course of about one and a half days in a living room
of one participant.

In addition to the expected course of the indoor air temperature, the time points
of the window opening are also clearly visible since a significant drop in the
indoor air temperature can be recognized. In the periods of the lowered target tem-
perature a gradient decline of indoor air temperature can be seen in the Fig. 27.21.

Heating characteristic curves in Fig. 27.22 refer to a 2 person’s detached house
from 1987. The age of the boiler is 17 years (1998), the cellar is heated and there
is no attic in the house. Insulation measures have been made lately and the win-
dows were replaced. The heating energy consumption is the sum for space heating
and hot water. There are regular times when nobody is at home, at these times, the
room temperature can be lowered (specified by the participant of the online sur-
vey). The window is tilted by the participant for ventilation for a period of 10 min
to 30 min.
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27.4 Conclusions

Over the past three winter pilots, we were able to gain a good overview of the
situation in private households in the region Bottrop and test low-investment
assistance systems. We initially noticed that the participants had a very strong
assortment for different heating and ventilation strategies and accordingly widely
differing ambient air qualities. The average daily temperature of the air seemed to
have barely an impact on the demand for heating energy and the daily mean tem-
perature does not depend on the age of the houses.

These results have confirmed our assumption that the user behavior plays a cru-
cial role in the heating energy consumption. Furthermore, pointed households with
home automation systems (single room heating control) had in the average lower
heating requirements and lower indoor air temperatures. These households had
already installed the home automation systems themselves.

The following 2nd and 3rd winter pilot series of measurements were carried
out with the use of two assistance systems. The acceptance of both systems (home
automation and LUQA TAQ monitor) by the users was very good. We compared
the measurements of the first week (baseline) with the measurements in the second
week (with assistance system). Results of the second winter pilot were on the one
hand the improvement of indoor air quality in most homes through the use of air-
ing traffic lights (indicating CO2 level) and on the other hand, heating energy sav-
ings through timed single room heating control in three rooms of households.
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Abstract To be able to develop and implement high-impact sustainable inno-
vations in the built environment, researchers, product/-service developers and
policymakers in the region of Rotterdam felt the necessity to work with users to
prototype, test and validate potential solutions in real life situations. In collabo-
ration with European partners initiatives, the Concept House Village in Heijplaat
Rotterdam was developed. The inner-city docklands of Rotterdam is an area in
transition and forms an ideal setting for a real life test bed for future sustainable
urban living and working. In this chapter the history, ambitions, context and the
partnership is described. Furthermore the accompanying research and develop-
ment program is enlightened. Additionally the business modeling of Concept
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28.1 Introduction

In most of the European countries sustainable building is on the policy agenda
since the early nineties of the last century. Radical improvements needed to meet
the formulated policy ambitions repeatedly failed in the past because of the very
complex structure of the building sector. The complexity is caused by:

o The structure of the branch; many different actors, in a variety of roles, mutual
dependent to accomplish the projects,

o The nature of the product; the possibilities of mass fabrication are limited and
the objects are composed of different products or subsystems with divergent life
cycles.

o The measures from other policy-fields; besides the direct building regulations,
sustainable building is influenced by environmental policy, urban planning,
social housing, energy etc. as well.

The Dutch government promotes sustainable developments in the built environ-
ment systematically by applying a wide array of policy instruments. Besides the
more traditional instruments like regulation and financial incentives, a second gen-
eration of instruments became popular like covenants, agreements, network man-
agement and specific use of communication measures. One specific type of 2nd
generation instrument is the demonstration project. A demonstration project can
be referred to as a project in which innovative technologies are being used in more
or less normal situations to foster the development and diffusion in the regular
market of these technologies (Buijs and Silvester 1996).

A series of demonstration projects on energy efficient and sustainable housing
was initiated by different Dutch national governmental agencies till the mid nine-
ties. For example in the Netherlands the national REGO—program was initiated
in 1982 to stimulate the efficient energy use in the built environment (Silvester
1996). In the international arena the International Energy Agency fostered among
others energy efficiency research and innovation programs in the built environ-
ment since its establishment in 1974 (IEA 2014). According to Buijs and Silvester
(1996) a demonstration project can fulfill different functions in the development
and diffusion of innovations:

Concrete formulation and visualization of government policy.

Collection and transfer of developed knowledge and experience.

Development of strategic alliances within the concerning networks.

Providing knowledge for regulation.

Assessment of the technical feasibility of innovations.

Signaling of the possible side effects of innovations at an early stage.
Examining acceptance by different ‘users’ of the innovations.

Examining the financial feasibility of the innovations.

Market development through enlargement of the scale of the demonstration
projects.
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One of the important lessons learned from those series of projects is heterogene-
ous state of development of the applied innovations and that it is therefore cru-
cial to make a clear methodological distinction between prototypes, pilot plants,
experiments and demonstration projects etc. In fact essential products within the
sustainable housing concepts were often not market-ready yet. Some of them were
still not technically functioning the way they should and some of the innovations
were not used or appreciated by the occupants according the way the designers
thought. Balanced ventilation technology for example, was rejected by a part of
the Dutch population as a solution for energy-efficient ventilation because of mal-
functioning, interaction problems and perceived health impacts (de Jong 2014,
Hasselaar 2009).

It was concluded that, to be able to develop more high-impact innovations,
product developers and policymakers need to work with users to test and develop
products, services and regulation (EU 2009). As a result of the EU funded Design
Study, the Living Lab approach was developed as next generation of policy,
research and design instrument (Eijk 2010).

This European the LIVING LAB Design Study (FP7) initiated the start of the
Rotterdam based Concept House Village.

28.2 Location

The Concept House Village is urban area in Rotterdam dedicated for prototype
houses that will be used, tested and evaluated by actual users from surround-
ing neighborhoods. The Village is a real life test bed for the latest technological
applications in sustainable energy, water, sanitation and home automation on both
building and district levels. Prototyping is taking place both for the retrofit as well
as new building markets.

Concept House Village is situated in the middle of the Rotterdam Port Area
(Fig. 28.1). It is part of the neighborhood Heijplaat. This rather isolated living
area on the south side of the river Nieuwe Maas (part of the Rhine) was devel-
oped in the beginning of the 20th century as a living estate for the employees of
the Rotterdamse Droogdok Maatschappij (RDM) shipyards. Heijplaat became a
rather ‘green village’ within a port landscape. After the Second World War the liv-
ing area was extended with multifamily, social housing estates. After the decline
of the shipbuilding and connected maintenance activities and finally the closure of
the RDM Shipyard in 1996, the living conditions at Heijplaat deteriorated.

In 2011 a new urban plan for the greater Rotterdam Docklands was approved
by the Rotterdam City Council (Rotterdam 2011). According to this plan the
Docklands will become the connection between the city and port. The Docklands
will be transformed into an attractive, sustainable living and working environment.
Within that plan the RDM/Heijplaat will gradually transform into a district in
which still impressive port activities take place, but where the RDM premises will
become an innovative campus site for new industries, education and research. The
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Fig. 28.1 The Heijplaat district in the Docklands of Rotterdam (Google Maps)

Rotterdam University of Applied Sciences is one of the leading partners in this
transformation of the former shipyard. The abbreviation RDM is being re-used and
stands since 2010 for Research, Design and Manufacturing (http://www.rdmcoe.
nl/english).

At the same time the Urban Plan foresees a revitalization of Heijplaat as a
village-like, sustainable living environment. As a consequence the post-war low
quality multifamily complexes are demolished in recent years. Of the total of 465
houses in Heijplaat, 296 will be replaced. Ambitions for the new dwellings are:

High energy efficiency, contributing to an energy neutral area,
Local renewable energy production

Climate adaptive building

Expand local nature in the area

The use of recycled and or bio-based materials

Due to the economic crisis—reflected in the postponement of investments in new
building activities—the execution of the Heijplaat revitalization has been retarded.

This situation of an area ready for new developments on the border of the
old Heijplaat village, together with the high ambitions in terms of sustainability
offered an interesting starting point for the establishment of the Concept House
Village Living Lab in 2011.
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28.3 Themes

At the start of the Concept House Village Living Lab development in November
2011 a workshop was organized with the research communities from both
involved knowledge institutes, Delft University of Technology (TUDelft) and
University of Applied Sciences Rotterdam (HR) with additional input from other
stakeholder in the built environment. As a result of this workshop an ambitious
multi-annual research portfolio was formulated and is still valid. The major
research issues are presented in the matrix in Fig. 28.2. In this matrix distinction is
made between the system levels (City/District—Building—Installation/Appliance)
on the vertical axis and the aspects like interaction, processes and technical func-
tioning on the horizontal axis.

The knowledge development within the SusLabNWE project was mainly
focused on the cells of matrix on the left bottom part; the levels ‘building’ and
‘installations/products’ and the ‘human-product’ interaction aspects. SusLabNWE
provided the tools and methods for executing further longitudinal research in the
Concept Houses that are completed and those to be built in the near future. The
same households will inhabit all the prototypes as much as possible during the
monitoring period of at least 2 years.

The development of the three first Concept Houses delivered already a lot of
insights into the building process and technical functioning of installations and
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specific sustainable (recycled and bio-based) products applied. For the Prototype
1 and CHIBB concept house extensive monitoring of the development phase took
place and is documented (Eekhout and van Timmeren 2013) (http://chibb.nl/).

Furthermore the SusLabNWE tools and methods are being applied within
the 2nd Skin project, an innovation development project aimed at the large-scale
refurbishment of post-war apartment complexes in Europe. This project is part of
the BTA Flagship of the Climate KIC (BTA).

Besides the longitudinal monitoring mentioned, the research within CHV will
foster more research on district and city level. Together with the Municipality of
Rotterdam several community projects started like the Groenkleed, IKS and ICOR
projects that are focusing on sustainable innovations in the public space (http://
concepthousevillage.nl/locatie.html).

On city-/district level research will be continued by the TUDelft, HR within
CHYV on the challenge of sustainable materials and circular building. This is a fol-
low-up of the REAP + -program of CHV in which an approach is developed to
link streams (materials, energy, water) on different system levels to support the
development of a regional circular economy (Geldermans and Rosen-Jacobsen
2015).

28.4 Prototypes

Since the start in 2011, three temporary prototypes of energy-neutral dwellings
are operational, and four prototypes for the refurbishment of porch apartment are
under development (see Figs. 28.3, 28.4, 28.5 and 28.6). Other networks of con-
sultants, companies and knowledge institutes are developing permanent prototypes
for a new plot in the Village coming available for re-development see Fig. 28.7.
All networks focus on different sustainable innovations. The surrounding urban
area—>Stadshavens Rotterdam—offers the potential for up-scaling the results
from the test beds through the involvement of the local community and to moni-
tor the longitudinal effects of the innovations. Recently Concept House Village is
appointed to play an important role in the acceleration of the energy-neutral refur-
bishment of the Rotterdam Building Stock the coming decades.

28.5 Partnership

Concept House Village (CHV) is initiated by the City Ports Academy Rotterdam
and is executed by Rotterdam University of Applied Sciences, Delft University
of Technology and the Social Housing Corporation Woonbron. The partners have
a long-lasting agreement on the exploitation of the CHV-facility signed by the
boards of executing partners.
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Fig. 28.3 Four concepts for Energy Neutral Refurbishment of existing post-war apartments at
CHYV. (realization planned in 2016)

28.6 Financing the CHV-Facility and Prototypes

During the first period of its existence, in the period 2010-2015, the facility of
Concept House Village is financed both from public and private sources. With
the public financial support from the Interreg SusLabNWE project, the Dutch
Ministry of Economic Affairs (Peaks in the Delta) and the Municipality of
Rotterdam it was possible to establish the CHV-facility and to manage the acquisi-
tion of new prototypes, to guide the building processes of the prototyping, to coor-
dinate the research program and foster the knowledge transfer.

The basic approach is that the involved consortia finance the prototypes them-
selves. The two involved knowledge institutes guided the development of the first
two prototypes (CH Prototype I and CHIBB). Although the partners of the two
consortia financed the main part of the research, development and building of pro-
totypes, the realization of those prototypes would have been impossible without
the crucial, additional subsidies from SusLabNWE, Peaks in the Delta and the
Municipality of Rotterdam.

The two prototypes serve as a laboratory for the research programs of both
knowledge institutes. The on-going research is mainly financed by the institutes’
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Fig. 28.4 Maskerade prototype by a consortium led by Maarten van der Breggen since 2015

research funds. The prototypes also serve as a learning environment in the curricu-
lum of the bachelor and master students of the institutes. Besides the whole design
and development of CHIBB by students of the Rotterdam University of Applied
Sciences, students of the Albeda Polytechnic did the actual building of the CHIBB
prototype. The CHV-facility has agreements with the consortia behind the proto-
types about the involvements of students and research staff of both institutes in the
development, monitoring, testing and validation of the dwellings.

28.7 Business Development

In 2015 The Concept House Village Facility is revising its business model, to
become less reliant on structural public funding, to accelerate the real market
application of the results of the prototyping and to become a regional focal point
of sustainable building to support the realization of the political ambitions.
Whereas the first two prototypes were initiated by the involved knowledge
institutes and forcefully supported by public funding, the role of the industry had
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Fig. 28.5 Concept House Prototype 1 by TU Delft at CHV since 2011

to become more prominent for a sound continuation of Concept House Village as a
facility. The public regional financers indicated that structural financial support of
the facility was not feasible.

After a series of interviews with important stakeholders from the whole build-
ing value chain and the demand side by a consultancy firm and follow-up nego-
tiations with potential partners for an extended Concept House Village Facility, a
model was decided as a backbone for the business modeling (Ong et al. 2014).
The model is illustrated in Fig. 28.8.

The CHV facility—in its renewed arrangement—is a close-fitting collabora-
tion between the academia (TUDelft & HR), the building industry (represented by
branch organizations), the local government and representatives from local neigh-
borhood organizations. This collaboration is formalized by a steering group with
representatives of the organizations mentioned. During the monthly meetings the
general direction is being established and the decisions are taken about new exper-
iments in the facility. Furthermore the steering group will play an active role in the
influencing of the policy- and R&D-agenda on sustainable urban development in
the region and beyond.
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Fig. 28.6 CHIBB Prototype by Rotterdam University of Applied Sciences at CHV since 2014

The acquisition of new consortia willing to use the facility for developing,
testing, validating and demonstrating their innovations is managed by delegates
from a consultancy of the SME in the Dutch Building Industry, called Building
Changes. The facility is offering supporting management capacity—if needed—
for the consortia. Lessons learned from the start of the facility showed the need
for this additional project management capacity for the—often—ad hoc innovation
networks.

The actual research and knowledge development in the CHV Living Lab
is closely linked to the research agendas of the two universities involved (see
Fig. 28.2). The execution of the research is partly in parallel with the education
curriculum. Besides the regular research and design courses of the curricula, an
other noteworthy and recognized option for the execution of the research in the
CHV Living Lab is the cooperation of bachelor and master students in innova-
tion teams under supervision of the Community of Practice (CoP) Circular and
Sustainable Building, in which not only students but also alumni, researchers, lec-
turers and industry are working more permanently together on the challenge of
building, living and working in a circular economy.

CHV is part of several European Networks of Sustainable Living Labs, like
ENoLL (European Network of Living Labs), SusLabNWE and BTA/Climate
KIC. These connections are of importance for the smooth diffusion of knowledge,
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Fig. 28.7 Urban plan for redevelopment Heijplaat with marked areas for refurbishments, perma-
nent and temporary Concept Houses as part of the CHV-Living Lab

Fig. 28.8 Business functions ! .

of Concept House Village Quadruple HELIX:

facility Academia, Industry,
Government & User.

Policy Development

Knowledge & Innovation
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Demonstration & Market

Place Acquisition of innovators

Matchmaking

Living Lab

methods and tools needed for the acceleration of sustainable innovations.
Moreover these European networks also offer the market- and matchmaking place
to connect a broad array of actors for the speeding up the large scale implementa-
tion of the developed innovations and insights.
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The outcomes of the research in the Living Lab is communicated by the uni-
versities through their common channels like, education, conferences, scien-
tific and academic articles. But a lesson learned from the first years of running
the CHV facility is that after the successful testing and validating of the innova-
tions, the involved industry wants to demonstrate the results to the market. The
consortia desires the CHV facility to fulfill this function as well. That is why
the CHV facility is affiliated with the regional Innovation Center for Sustainable
Building (ICDUBO) and the national Building Research Institute (SBRCURnet).
ICDUBO is located at RDM is nearby the CHV Living Lab. This center is aiming
at connecting all actors dedicated to sustainable building. With its 250 members
ICDUBO is stimulating the sharing of knowledge and the cooperation within the
quadruple helix. Furthermore ICDUBO is offering a showroom for architects and
consultants with fine-tuned information about sustainable innovative products and
installations. The CHV Living Lab offers ICDUBO the opportunity to add com-
plete integrated concept houses to their ‘showroom portfolio” and to demonstrate
the innovations in a real life setting. Additionally ICDUBO is also hosting the
Woonwijzerwinkel for the region of Rotterdam as part of a nation wide network
of shops for private consumers looking for advise and inspiration for improving
the sustainability of their living environment. ICDUBO is delegating staff for the
widespread diffusion of the results of CHV Living Lab and serves as a market and
matchmaking place to accelerate the adoption of the innovations of CHV.

SBRCURnet is an independent knowledge institute for the building sector in
the Netherlands. This institute takes care of securing the knowledge developed in
the consortia and makes it available for the different stakeholders in the sustaina-
ble building sector. A portal called DuboLab is developed to support the consortia,
operating in CHV, in their knowledge management and -transfer and to provide
an internet site thru which the information will be available in a structured way.
Lessons learned from decades of experimenting and demonstrating with sustain-
able building in the Netherlands showed that the information of the mostly tempo-
rary innovation networks is getting lost after some time. The networks are rather
loose and nobody seems to feel responsible for the developed knowledge and
its transfer anymore. With the involvement of SBRCURnet this loss of valuable
knowledge will be prevented.

28.8 Conclusions and Discussion

The Concept House Village can be recognized as one of the first Living Labs aim-
ing at sustainable building in the world. Started in 2011 the development of the
facility delivered a lot of insights into the feasibility, the incentives and barriers of
these new generation of R&D infrastructures. Lessons learned:

e The knowledge institutes (Rotterdam University of Applied Sciences and TU
Delft) played a crucial role in the initiation phase of the Living Lab facility.
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e European and regional public funding was making the initiation of the Living
Lab possible. This funding was especially aimed at the acceleration of innova-
tion. The role Living Labs can play in generating more fundamental knowl-
edge on the complex interaction of users and the sustainable solutions is still
neglected and hard to get financed. Attempts to get the Living Lab recognized
as a national research facility for more fundamental research on interactive
R&D for sustainable transitions in the home environment and open for the
whole Dutch research community unfortunately did not succeed up to now.

e It is very hard to create a sound business model for a ‘physical and long-lasting’
Living Lab facility. The investments in the concept houses are vast and for the
temporary prototypes the depreciation is as well. In the Concept House Village
business model it is therefore that a mix of temporary and permanent houses has
been chosen as an answer. The temporary concept houses offer the opportunity
to keep experimenting with new challenging innovations. Those houses of parts
of them can be replaced and guarantee a dynamic orientation on more funda-
mental knowledge development and still experimental innovative trajectories.
The permanent concept houses are designed and developed in such a way that
they intent to have a high value on the real estate market. For these concept
houses no depreciation costs have to be reserved in the financial program of the
consortia that develop these houses. Moreover these permanent houses offer the
unique possibility to gather in-depth insight into the longitudinal interaction
between user and the house, its appliances and the urban environment

e The expectation of being a living lab that could play a role in the development
of individual products has been very modest so far. The Prototype 1 played a
role in the ideation and first prototyping of water saving showers and reflec-
tive energy feedback systems. Based on the results of the first years of Concept
House Village Facility it can be concluded that CHV is especially fostering the
business development of integrated sustainable housing concepts.

e [t showed very important for the commitment of the numerous partners in the
consortia involved in the concept houses that in the region a lot of challenges in
the built environment are at stake. For the region of Rotterdam for example the
refurbishment of the port area is such a challenge. Not only should be thought
about the new buildings but also on the buildings to be renovate in the near
future.
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Chapter 29
Commercial Consortia

Maria Adahl

Abstract Science parks constitute an important intermediary in the innovation
chain since they provide a location where government, universities and industry
can cooperate and collaborate. In this chapter, Johanneberg Science Park which is
located in Gothenburg city, Sweden is presented as well as its collaboration model
through which development, transfer and commercialization of technology is tak-
ing place. More specific, the concept of science park’s “open arenas” is described
as well as their connection to living labs. This chapter is also addressed to a
unique collaboration housing project within the open arena of urban development
at Johanneberg Science Park. The project is called HSB Living Lab and encloses
the link between open arenas of science parks and the creation of living labs. The
uniqueness of this project lies on the fact that a number of partners with different
backgrounds are gathered within a single organisation, enter into a 10-year part-
nership agreement and get involved to a joint research and development project. In
the last part of this chapter, the value proposition of HSB Living Lab for the aca-
demics, the different companies and the inhabitants being involved is discussed.

Keywords Science parks < Collaborative projects *+ Living lab - Innovative
housing + Urban development + Open innovation

29.1 Johanneberg Science Park—Collaboration Model

Science parks are characterised as important intermediaries in the innovation
chain since they provide connectivity between science, business and social soci-
ety. Johanneberg Science Park brings industry closer to the cutting edge of science
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to make excellent explorative research more accessible. The mutual proximity
between university students, teachers, researchers and industry will give all parties
involved a better insight into their individual needs for competence. In this way the
science park promote interactions and technology transfer and thus create the right
circumstances for inducing regional growth. The science parks structure has been
used for developing triple helix projects within the SusLab NWE project.

Johanneberg Science Park creates open and attractive collaboration platforms
for interdisciplinary exchange of ideas and knowledge between academia, indus-
try, research institutes and public bodies, with the aim to:

e Develop and make available knowledge and expertise relating to new attractive
products and services with a high technology and knowledge content, to achieve
sustainable economic growth.

e Create environments for research and production that together lead to increased
competitiveness by preserving, developing and generating new employment
opportunities.

e Ensure that competitive education is provided, as well as good quality funda-
mental and applied research.

e Promote start-up and development of knowledge and technology intense com-
panies and contribute to the creation and marketing of an environment that is
attractive to business.

e Solve the increasingly complex challenges of society, in collaboration with dif-
ferent stakeholders.

Johanneberg Science Park is developing Open Arenas within its profile areas;
Urban Development, Energy and Materials & Nanotechnology.

Open Arenas are neutral places for collaboration between industry, academia
and society. They are meeting places where researchers, business people, students,
designers, project managers and others can get together to brainstorm, exchange
experiences, generate new knowledge, network, and make the most of the oppor-
tunities provided by the arena. Johanneberg Science Park’s organization acts as a
project broker and rigs research and development projects within the three Open
Arenas mentioned above. An Open Arena offers participation in activities and
processes as well as physical infrastructures, such as test beds, laboratories and
premises. The premises are designed to stimulate both spontaneous meetings and
innovation-creating activities. All the employees of companies that are established
in Johanneberg Science Park have access to Open Arenas and can use them for
meetings or as temporary workplaces. For example, employees can have informal
business meetings or a meeting at any creative space of the building.

Small and medium-sized enterprises (SME) will be the future growth engines
for both the region and the nation, which is why we want to be a resource for these
companies, helping them to benefit from new knowledge and expertise. We work
with companies in all sectors, with the drive, potential and will to develop.

Within the framework of the Arena, external stakeholders, in particular SMEs,
are invited to interact with projects in different ways, for example through work-
shops, project brokering, innovation contests, etc. The Arena will enable a
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two-way flow of ideas and innovations, where businesses can both make use of
ideas born within the projects and spread their own ideas to other practitioners.
The Arena will also offer support and inspiration when new projects are initi-
ated. (Website Johanneberg Science Park)

Living labs are an emerging Public Private Partnership (PPP) concept in which
firms, public authorities and citizens work together to create, prototype, validate
and test new services, businesses, markets and technologies in real-life contexts,!
in our specific case the HSB Living Lab. The real-life and everyday life contexts
will both stimulate and challenge research and development as owners, partners
and inhabitants will not only participate in, but also contribute to the whole inno-
vation process.

The connection between the Open Arena and Living Labs lies in the labs’ full
value chain and encompasses the creation of ideas in workshops in which the dif-
ferent stakeholders (and end users) have input and create ideas based on common
interests or purposes and different viewpoints and knowledge. These ideas are then
prototyped in the living lab, where they are used and tested, on which the academ-
ics report. Improved prototypes and iterative processes with the involved stake-
holders will then lead to tested and validated products

HSB Living Lab is a collaboration project within the Open Arena of Urban
Development, which currently has nine partner members. These are active within
different sectors and have both shared and individual aims. To gather all of
them within a single organisation is a challenge, but this is also one of the main
objectives of the project. The project organisation must not focus solely on cur-
rent needs, but must also be flexible enough to be able to meet the challenges of
tomorrow and to include future partners. This is organised in a hierarchal three-
layer steering organisation that sees a group for project development and opera-
tional issues, a decisions making group and a owners' group that looks after issues.
Due to its proximity to the university (Chalmers University of Technology) and
its owners (HSB) the focus of HSB Living Lab (HSB LL) has been on building
materials (BTA) and other areas around living in a house (i.e. the social environ-
ment around washing machines). The market segment is this area with its com-
panies or academics that are active in these fields. In a way the partners in the
HSB Living Lab represent the market-segmentation well. The partner compa-
nies involved in HSB Living Lab will be able to use all relevant findings in their
respective operations, to make it possible for their customers and partners to also
benefit from the results. Organisations choose to take part because the project
offers a unique opportunity to be involved in the creation of products and solutions
for the future. Each partner has a contract with the HSB that sets its relation to the
Living Lab, IP issues and revenue streams. The set up of a consortium agreement
between the partners is under consideration. Except for the collaboration project of
HSB Living Lab, Johanneberg Science Park’s activities have resulted in a number
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of interesting projects that bring added value to the area and directly contribute
to progress. A few high-profile examples are Riksbyggen’s Positive Footprint
Housing and ElectriCity project with its new electric bus.

29.2 HSB Living Lab—Consortium and Collaboration

HSB is a cooperative association for housing in Sweden for which, collabora-
tion is key, not only within its own organization and with its members, but also
with external companies and organizations outside. HSB has existed for almost
100 years, with the mission to build and manage housing for our 550,000 mem-
bers in all parts of Sweden. When developing its housing stock, HSB has always
been driven by challenges. When HSB was first launched the challenges were
focused around providing good quality homes for everyone or helping women to
enter the labour market. Today company faces both traditional and new challenges.
The challenge to provide good homes for everyone remains, but they now also
have to deal with new types of issues, including climate change.

HSB decided to become a partner of Johanneberg Science Park in 2011, as
this would give them the opportunity to work together with other companies and
universities. During an EU collaboration project on living labs, in which both
Johanneberg Science Park and Chalmers University of Technology were partners,
the idea of starting a collaboration project together with HSB where a demonstra-
tion environment in the campus area of Chalmers would be developed, grew up.
This idea was the base for Johanneberg Science Park, Chalmers University and
HSB to together set up the HSB Living Lab. From HSB's side, the aim is to create
an arena where they can improve homes in real time, working with the residents.
The property management company hopes that this project will help a relatively
slow-moving sector, the building industry, to move forward faster. By testing inno-
vations in real life and together with the residents, HSB will learn lessons that can
then be implemented in all the properties the company builds and manages in dif-
ferent parts of Sweden.

HSB, Chalmers University of Technology and Johanneberg Science Park have
together set up the HSB Living Lab. The main project partners are currently work-
ing to recruit more partners to the project. As they believe in collaboration, their
view is that by working together with other businesses, the partners together will
be able to make much faster progress in the development of future homes. This is
why the three main project partners are working actively to recruit more partners
into the project, businesses with the ambition and ability to see the opportunities
on offer. The aim is to recruit 10 partner companies from different sectors: archi-
tecture, white goods, construction, technical expertise, energy, interior decorating,
etc.

So far, the three main partners have managed to recruit 10 partners to the pro-
ject: Bengt Dahlgren technical consultants, white goods manufacturers Electrolux,
the energy company Goteborg Energi, the building contractors Peab, Tengbom
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firm of architects, one of Sweden's largest property companies Akademiska
Hus, the kitchen supplier Vedum and the EU's largest public-private innova-
tion partnership focused on climate innovation, Climate-KIC. Further partners
are being sought and found in other sectors, such as IT, with the company Tieto,
Scandinavia’s largest IT supplier and Elfa that makes entrée solutions. The com-
panies are selected based on their areas of operation and their potential impact on
the homes of the future. Focus is also on finding businesses with which partners
and project want a long-term partnership. These could be companies with which
partners already have a relationship, or companies with whom partners would like
to strengthen their collaboration further.

HSB enters into 10-year partnership agreements with the participating com-
panies. The reason is that they are looking for long-term collaboration, in which
the partners depend on each other and are involved in both research and develop-
ment within the HSB Living Lab. The project has a structure where all partners
make an annual payment into a joint research fund. This fund will be used for joint
research projects, agreed between the partners. The structure offers good potential
for attracting external funding for joint research projects, due to the large number
of partners and the available co-funding in the form of both time and money from
the joint research fund. (Website HSB Living Lab)

The value proposition for the HSB Living Lab for the academics is that they
create data that they can use for scientific papers and to attract research funds, for
companies that they get ideas from the open innovation processes and a testing
facility for products, and for the inhabitants that they have a place to sleep and
contribute to an experiment.

As the whole concept is built around the integration of different organizations,
there is no simple costs-income table that shows a clear profit. It is in fact easier to
see how each stakeholder makes a revenue generation mechanism that has a profit.

For the academics the value of the HSB Living Lab is that it is a great research
infrastructure, which costs can come in as co-financing to specific projects, as an
opportunity to meet stakeholders that need research, and as an object of research
itself. One could see that the profit comes back to Chalmers in the research that
will take place. Parts will come from the HSB LL Research fund, brought together
by the partners.

For the commercial organizations the access to the research facility and
research may have lower costs then in-house development. Furthermore the open-
innovation may bring out stuff that they simply cannot do themselves. Finally
there is the access to top-students, access to stakeholders and marketing value that
may have higher profits than costs. In general, the revenue generation for these
partners would be more in the field of low costs, than actual cash flow.

More concrete is that each partner will donate at least SEK 25.000 a year on
research in the HSB LL until 2025. The current idea is that this is a cash con-
tribution and that projects are being proposed and paid out the fund. It is—cur-
rently-expected that participating partners are very modest around their own costs
in these proposed projects. This gives a lot of room for growing the projects with
contributions in kind and then asking for subsidies.
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HSB, Chalmers University of Technology and Johanneberg Science Park have
great ambitions for HSB Living Lab. HSB expects to see multiple results in a
number of different areas. These could be anything from experiences of using dif-
ferent types of materials, to the residents’ views on indoor climatic conditions and
comfort. This unique opportunity to improve people’s homes in collaboration with
researchers and residents is something HSB will make the most of. Experiences
and lessons from the project will be shared with HSB’s operations nation-
wide—the project will not have succeeded until the knowledge gained from the
HSB Living Lab is utilised in everything built, managed and renovated by HSB.
As there are so many partners involved, the partners expect the results to benefit
the entire industry, as they will be spread outside HSB, Chalmers University of
Technology and Johanneberg Science Park. This is particularly important now, as
we are facing the challenge of climate change; there is not enough time for each
of us to develop separate solutions. The challenges are too big and the time too
short. (Video HSB Living Lab—Homes of the Future)

The experiences from HSB Living Lab has been chaired to the SusLab NWE
consortium and vice versa. This has been an important input in developing the
labs. Study visit tours have been arranged to other labs in the SusLab NWE con-
sortium and HSB employee has been participated to conferences in the SusLab
NWE project.
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Chapter 30
Business Models for Sustainability
in Living Labs

Mike Burbridge, Gregory M. Morrison, Menno van Rijn, Sasha Silvester,
David V. Keyson, Lali Virdee, Carolin Baedeker and Christa Liedtke

Abstract There are an estimated 170 active living labs across the globe. All
have common elements but not all of them contribute to the delivery of sustain-
able living. Here we consider the business models of sustainability in living labs
(SusLabs). Specifically we review four active living laboratories that are part of
the SusLab North West Europe network. We show that the business cases are dif-
ferent for at least two reasons. One is that each SusLab project has a specific focus
even though all are seeking to develop energy efficient innovative products, ser-
vices or systems. Examples of focus include demonstration projects, knowledge
generation through research and business to business development. The other is
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that each came about for different reasons which might include significant public
or private sponsorship, or through academia-business co-creation, and this too is
reflected in the business case. We also show that the business cases are not static,
but may evolve over time as opportunities are created and as partners develop a
clearer understanding of the potential of each SusLab. We propose that, based on
a common definition of a SusLab, theoretical considerations and societal needs, as
well as insights from the cases, it should be possible to build a business case for a
SusLab which draws on knowledge rather than learning-by-doing.

Keywords Living lab - SusLab - Business case * Triple helix + Sustainable
innovation - Path dependency - Transition - Social practice theory

30.1 Introduction

There are at least 170 active Living Labs across the globe (ENoLL 2015). All liv-
ing labs have specific attributes in common (Salter and White 2013). One is that
they aspire towards the innovation of new products or services; they involve close
relationships between at least two of the following three sectors: academia, busi-
ness and society or consumer; they involve co-creating the innovation bringing to
bear the expertise of stakeholders on the innovation. However, not all Living Labs
contribute to the delivery of sustainable development (Vanaker 2014), nor neces-
sarily progress towards the delivery of some of the recently adopted sustainable
development goals (UN 2015).

This chapter only deals with business models of sustainability in Living Labs
(SusLabs). Specifically we have reviewed the experience and evidence from four
active Living Labs which are part of the SusLab North West Europe (SusLab
NWE) network.

30.2 SusLab Case Studies

The SusLab network covers facilities in North West Europe and provides accelera-
tion of innovation for the building industry and society. SusLabs may demonstrate
energy efficiency (some are even energy producers) and focus on energy use in
and around the home, but they also offer innovation in terms of user and practice,
as well as water and resources other than energy. They offer the opportunity for
partners to undertake insight research, product prototyping and field testing in a
variety of building typologies that represent society at large.
At present the network includes four linked hubs:

1. HSB Living Lab, which is a unique international facility on the Chalmers
University of Technology campus in Gothenburg, where researchers and
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societal actors can co-create ideas and initiatives for products and services
which will enable sustainable living.

2. SusLabNWE Living Lab which is on the London Sustainable Industries
Park (London SIP), East London and has been designed, supplied and built
by Climate Energy Homes. SusLabNWE commissioned the Institute for
Sustainability, working in partnership with the Royal College of Art (RCA) and
Imperial College London to procure and run the SusLab.

3. The Concept House Village which is an urban area in Rotterdam dedicated for
prototype houses that has been and will be used, tested and evaluated by actual
users from surrounding neighborhoods.

4. The SusLab North-Rhine Westfalia (SusLab NRW) Infrastructure which con-
sists of a Smart Home Lab, real home environments and showcase apartments.

The SusLab network is transnational and has dealt with all aspects of valoriza-
tion through partner and stakeholder dialogue. According to Carlsson (2006) there
are few studies of the degree of internationalization of innovation systems so the
SusLab NWE is an interesting case to study.

In the following sections we provide a brief analysis of the theoretical underpin-
ning of the SusLab model (Sect. 28.4) before offering an analysis of the different
business models that have been developed by the SusLab members (Sect. 28.5).
We discuss some of the issues that are common amongst the SusLabs and some
that are distinct. Although all SusLabs concern themselves with delivering evi-
dence-based sustainable innovation they all have quite different business models.
These different business models are historical and have partly arisen as a result of
different motivators for the creation of the SusLab. Interestingly too, it appears that
the business model can change over time as relationships and understandings of
the potential benefits that can be co-created also develop (Franzen 2015).

30.3 Theory

The ideas behind the development and running of living laboratories vary depend-
ing on purpose and this has been reviewed by Dell’Era and Landoni (2014). Their
definition of a Living lab concerns the methodology, which does not underpin a
business case or model well. We have modified their definition to see the Living
Lab as a place rather than a methodology.

A Living Lab is a real-life place for user!
ucts, services and infrastructures.

co-creation of innovations in knowledge, prod-

Based on this definition we have identified three theories in particular that are
worth further consideration in developing a business case and model for a SusLab.

User is used in general terms and may refer to those living in the lab, if there are any, but
equally well to stakeholders from business, society and academia.
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The first is the triple helix. This theory owes its existence largely to the work
of Henry Etzkowitz and Loet Leyesdorff (2000) from Stanford University who,
along with others, developed the notion that business, academia and government
(or society in general) all share common interests (Etkowitz et al. 2000; Etzkovitz
2013; Ranga 2015; CEC 2006). Put simply academics produce research which
can help business develop innovative products which, if successful, enhances the
products competitive advantage, which in turn can deliver societal benefit, such as
regional economic development, employment (Nyman 2015; Hessels 2008; Erosa
2012; Gebhardt 2015) and perhaps even the transition to a low carbon economy
(Pohl 2008; Hadorn 2006). Although Etzkowitz and his colleagues did not ini-
tially dwell on the sustainability issues they argued that if business, society and
academia can work closely together then the potential for innovation could be
enhanced, delivering benefits to all partners (Etzkowitz 2000). For the partnerships
to be successful it is necessary to recognise the different cultures of each organisa-
tion (Max-Neef 2005; Nicolescu 2015; Erosa 2012) and different ways of working
within different organisations (Jantsch 1970; Pohl 2011). This is why Living Labs
are so interesting (Sunitiyoso et al. 2012).

The second is path-dependence theory which is important to understand
because it influences the creation of the different business models (Nee and Cao
1999; Bednar et al. 2015; Malm et al. 2012). Path dependency theory sets out how
decisions made today are influenced by how previous decisions have been made
(Christensen 1997; Senge 1995; Dolan 2015). This does not mean that people can-
not change the way they do things, but rather that how they respond will be con-
ditioned by how they have responded in the past (Dolan 2015; Senge 1995). This
turns out to be an important issue when we are looking at the different business
models adopted by SusLab participants (Vanaker et al. 2014).

Finally, the issue of socio-technical change is important (Geels and Kemp
2007) and in this respect, social practice theory (see Sect. 1.5 for fuller discus-
sion) helps participants to conceptualise environmental behaviour and awareness
and design sustainable product-service-systems around the home (Baedeker et al.
2014; Liedtke et al. 2015). This is important because studies in failed innovations
have shown that the benefits derived from an eco-product are not fully realised
if they have been designed without input from users (Spaargaren 2011). It is for
this reason that co-creation is central to the SusLab approach. Involving end users
in the design of the product helps to reduce negative rebound effects (i.e. making
both the product and the innovation process more efficient) and it is argued that
the design of product service systems (PSS) will help with the transition to a low
carbon economy (Liedtke et al. 2015 and see Sect. 1.3 for further discussion of
these issues). The purpose of the PSS is to focus on the service that is being deliv-
ered (for example, the outcome desired might be a warm home) rather than what
is producing it (for example, the process of producing and dispersing the output,
heat, is the central heating system) and so design focus is on the outcomes service
users want produced by a low carbon system. (Liedtke et al. 2015).
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30.4 The Business Case

The business case for the SusLabNWE comprises two components. One is the
value of being part of SusLabNWE; the other component is the development and
maintenance of the SusLab infrastructure itself.

The four SusLab partners have utilised different models, partly as a result of
how the individual SusLab came into existence, and partly as the result of what the
SusLab was intended to deliver.

As the labs are at the early to medium stage of development (all are active but
some of the infrastructure has not yet been built) it is not possible to give details
of the benefit outcomes that have been accrued. However, it is possible to set out
the value that is expected to be delivered and that forms the basis of the investment
that partners have committed. The business cases deal with investment (to create
the SusLab), income (from the delivery of services) and value (financial and non-
financial benefits derived from the SusLab).

Although each SusLab, and therefore each business case, is different each share
some common elements (Etzkowitz and Leydesdorf 2000; Etzkowitz et al. 2000;
Etzkowitz 2013). The common elements come largely from being part of the
transnational SusLab North West Europe (NWE) network.

30.5 SusLab NWE—The Value of the Network

The SusLab network provides real value to the labs themselves but importantly
also to business (both active and future) as well as society. The network was cre-
ated as the result of a grant from the European Union’s Regional Development
Fund through INTERREG which is designed to help member states with the
development and sharing of information across borders.

Some of the key shared benefits to the member SusLabs of the network is set
out in Table 30.1. Business and society also benefit from the value that the net-
work and partnership generate (Ranga 2015). Business benefits from a rigorous,
shared process for development of market ready innovation and it follows that
business will then be confident that the methodologies are academically robust
representing the latest developments in research. Business also gains value from
working with potential end-users who are not tied to any organisation in the devel-
opment of their product or service at various stages (in-sight research, product pro-
totyping and field testing) in the product lifecycle, all of which takes place in a
real living place (or near-living in the case of the UK SusLab)—cf. definition of a
Living Lab under 8.1.

Society gets value from the network by the development of products, services
and product-service-systems that contribute to a sustainable lifestyle (the studied
SusLabs are largely focussed on reducing energy usage and carbon emissions) as
well as economic benefits associated with successful development of the SusLab
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Table 30.1 SusLabNWE—value to partners in the SusLabs of the Triple Helix

Communications | Document ongoing work on SusLab website, including findings from HSB
Living Lab, and the Living Lab at the Institute of Sustainability

Finalise SusLab book and promote methods at scientific and professional
forums as well as at network events

Academic Work with network to share and co-develop new SusLab methodologies
Publication of results and methodology in academic journals

Continue to develop SusLab sensor tool kit to support new work (for exam-
ple Building Technologies Accelorator—building occupancy certification
system (BTA-BOCS) pilot projects in office buildings)

Continue to develop the SusLab tools such that the toolkit can be easily
deployed in the field by sustainable building researchers and practitioners
Each SusLab has a measuring and monitoring element and all four can be
connected to a single data store and analysis tool to enhance rigour and
ensure learnings are shared

Outreach Maintain network of living labs linked to SusLab website

Link SusLab work to regional networks (for example, TU Delft and AMS,
Chalmers and HSB housing association)

Leverage SusLab network combined with new partners to develop new
joint projects

Value/weight to partners from increased potential to attract further funding
(public and private) for SusLab and product development

Enhanced business and academic brand value

and successful product-service-systems (Maassen and Stensaker 2010). This latter
value is likely to include new jobs, economic diversification and regional develop-
ment (Etzkowitz et al. 2000; Leydesdorff and Deakin 2011).

30.5.1 HSB Living Lab, Chalmers University of Technology

The HSB Living Lab model builds on the assumption that the costs for building
the facility can be more or less returned to HSB (HSB is a Swedish national hous-
ing association) over a longer time horizon. It also builds on the facility attracting
companies who are prepared to commit to knowledge generation and development
for their own and societal interest. Finally, the model also builds on the facility
being attractive to a whole range of researchers at Chalmers, as well as across the
SusLab facility (Table 30.2).

The relationship between the core partners (Chalmers, HSB and Johanneberg
Science Park) is maintained through a binding ten year agreement signed between
the President of Chalmers and the CEO of HSB in Gothenburg. Further, a business
to business partnership has been established with 10 partners along the value chain
(including architect, building company, IT specialist, bathroom supplier and white
goods specialist) who have made a financial and resource commitment to the facility.

The total cost for the building was expected to be fairly typical for a pre-fabri-
cated modular building with a land footprint of 420 m? and four floors. However,
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Table 30.2 Summary—HSB Living Lab, Chalmers University of Technology

Business model Knowledge to business and business to business

Partners HSB Housing Association, Chalmers University of Technology,
Johanneberg Science Park. 10 other business and societal
partners

Sectoral interest Local government, academia

Duration 10 years minimum

Purpose Attracting companies who will commit to research and develop-
ment for their own and societal interest

Motivation to create the lab | First building demonstration for Johanneberg Science Park

the building has been designed as a flexible living lab and this has meant extra
costs which are unlikely to be covered in the lifetime of the building. HSB as
an organization was prepared to accept an annual loss for the building over the
10 year period, after which the value of the modules will be roughly 50 % of the
new construction cost.

Chalmers researchers have been provided with initial co-funding which has
thereby initiated the idea generation between the SusLab partners during the form-
ative process of the HSB Living Lab. Co-funding for the sensor networks based
on the SusLab winter pilot has also been an important contribution. Chalmers
researchers have obtained and are seeking further national and international
research funding to bring the facility up to some 20 active researchers, technical
staff and PhD students working in the HSB Living Lab.

The financial sustainability of the HSB SusLab will rely in part on securing
the research grants set out above but also by generating an income from working
with businesses to develop products and services. This will, in all likelihood, be
based on a positive feedback loop whereby successful product development will
lead to wider relationships with business which will in turn lead to more grants
and which will then lead to more capacity to develop more products. The accom-
modation itself will be rented out to students (who are happy to be part of the
SusLab) at market rates which will cover the costs of running and maintaining the
accommodation.

30.5.2 SusLab NRW

The SusLab in North-Rhine Westfalia—Iled by the Wuppertal Institute—builds on
real home environments (in the City of Bottrop). It consists of 4 main pillars: real
home environments, the Smart Home Lab, showcase apartments and a new con-
cept for energy efficiency consulting (product-service-system) (Table 30.3).
Insight research and prototyping in real home environments is substantial in
a SusLab Infrastructure. One key component for the exploitation has been the
development of a methodology for testing products and prototypes in real home
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Table 30.3 Summary—SusLabNRW

Business model Business to business and business to consumers. Embedded in existing,
lived-in homes

Partners Wuppertal Institute, Hochschule Ruhr West, Innovation City Management
GmbH

Sectoral interest Local government; academia; technical college

Duration On-going

Purpose Testing products and services in real home environment

Motivation Developed as part of Ruhr region’s commitment to reduce CO; emissions
by 50 % as well as in response to local economic downturn

environments. The handling and the accuracy of fit of products and services has to
be tested within the daily practices of households. The sensor infrastructure con-
sists of data loggers for measuring room climate (temperature, humidity, CO; con-
centration) which are connected to the internet, an internet connected database at
the Hochschule Ruhr West (HRW) and software for evaluation of the measured
values. This infrastructure was tested in cooperation with the companies RWE and
Deutsche Telekom by evaluating the usability and efficiency of their smart home
products and systems. The HRW will offer this infrastructure to other companies
for further testing of assistive technologies. The aim is to offer investigations in
living labs for product improvement as a service to different companies, allowing
full exploitation of the facility. The smart home is a 30 m? sized lab that is used for
testing of the prototypes (proof-of-concept) and for tests of user-interaction before
installing them in real homes.

In order to be able to fund the infrastructure, in addition to contracts for co-
creating products and services, the German partners HRW, Wuppertal Institute
and Innovation City Management GmbH developed the concept of energy effi-
ciency services for communities. The product-service-system is a new concept for
energy efficiency consulting for tenants and homeowners. The concept is based
on a pre-analysis of the energy efficiency potential by using the evaluation meth-
ods developed in the SusLab project. The analysis of room climate delivers a first
impression on user behavior, heating system functionality and building insulation
characteristics. Based on the results a suitable, economically optimized proposal
for increasing energy efficiency can be given to tenants and homeowners.

30.5.3 SusLab Living Lab in London

The SusLab Living Lab in London is a procured element of the project and the
Institute for Sustainable Futures is responsible for delivering and managing the
facility. Through a competitive process, Climate Energy Homes were chosen as the
preferred supplier to design, supply and build the facility. The Institute has worked
with others to deliver this facility and improve the exploitation (Table 30.4).
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Table 30.4 Summary—SusLab Living Lab in London

Business model Demonstration project

Partners Institute for Sustainability (NGO)—responsible for build and management
of the living lab, Imperial College, Royal College of Art

Sectoral interest NGO, Academia, commercial

Duration Through to 2024

Purpose Procured project to demonstrate potential of collaboration

Motivation To provide a living laboratory that is closer to a home environment

The UK has very few facilities which can act as a SusLab outside academic
focused facilities, which are usually science laboratory based and not near to a liv-
ing environment. Hence this facility is welcomed by academics, housing develop-
ers and manufacturing companies based in the south east of England. Some wider
interest from health authorities has been shown to conduct care in the community
type simulations. This facility will be able to emulate a high proportion of the
building typology in the UK and therefore participants can relate more easily to
experiments or assessments which can be run in the SusLab. This choice is also
important as many highly elaborate building systems and cutting edge technolo-
gies usually have been tested or have their own research and development back
office.

The SusLab aims to attract stakeholders, locally, nationally and EU-wide who
are interested to commit to research and development of innovative energy con-
trol and awareness technology for their own and the wider benefits associated with
being more effective with energy use. The SusLab also aims at attracting research
and design practices from local and international academic institutions and institu-
tions that are interested in co-creation and experimentation of solutions in relation
to daily life practices.

The original concept was to enable free and full use to encourage the core aspi-
rations of the SusLab project to be delivered over the life of the facility. Therefore,
encouragement to use is the key feature and interested parties will be required
to reinstate the facility to its current condition on completion of their activities.
Encouragement will be on extending use and maintaining the SusLab in at least
its current condition, rather than generating an income from activity, other than to
cover the operational costs including utilities, cleaning and routine maintenance.

30.5.4 Concept House Village

The Concept House Village (CHV) is an initiative from City Ports Academy
Rotterdam and is executed by Rotterdam University of Applied Sciences, Delft
University of Technology and the Woonbron Social Housing Corporation. The
facility is financially and in-kind supported by the Municipality of Rotterdam.
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Table 30.5 Summary Concept House Village

Business model Sponsorship

Partners Delft University of Technology, Woonbron Social Housing corporation

Sectoral interest Local Government, Academia

Duration Up to 10 years

Purpose Procured project to demonstrate potential of collaboration. Students
involved in design and build

Motivation To provide a living laboratory that is closer to a home environment

The partners have a long-lasting agreement on the exploitation of the CHV-facility
signed by the boards of executive partners which provides a sustainable cost
model for exploitation (Table 30.5).

During the first period of its existence in the Netherlands, CHV was financed
from different sources. With the financial support from the INTERREG SusLab
NWE project, the Dutch Ministry of Economic Affairs (Peaks in the Delta) and
the Municipality of Rotterdam it was possible to establish the CHV-facility and to
manage the acquisition of new prototypes, to guide the building processes of the
prototyping, to coordinate the research program and foster the knowledge transfer.

The basic approach is that the involved consortia finance the prototypes them-
selves. The two involved knowledge institutes lead the development of the first
two prototypes (CH Prototype 1 and CHIBB). The partners of the two consortia
financed these prototypes with important additional subsidies from SusLabNWE
and Peaks in the Delta.

Those two prototypes serve as a laboratory for the research programs of both
knowledge institutes. The on-going research is mainly financed by the insti-
tutes’ research funds. The prototypes also serve as a learning environment for
the Bachelor and Master’s students of the institutes. Besides the whole design
and development of CHIBB by students of the Rotterdam University of Applied
Sciences, students of the Albeda Polytechnic built the CHIBB prototype.

The CHV-facility has agreements with the consortia behind the prototypes
about the involvement of students and research staff of both institutes in the devel-
opment, monitoring, testing and validation of the dwellings.

In 2015 the CHV facility started revising its business model, to become inde-
pendent from structural public funding, to accelerate the real market application of
the results of the prototyping and to become a regional focal point of sustainable
building to support the realization of the political ambitions.

30.6 Conclusion

SusLabNWE is in the early stages of development. Some of the infrastructures are
still being built but to an extent that will always be the case as the SusLabs will
be forever changing. It is therefore not possible to include all values in each of
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the SusLab’s business models. In part they are benefits that have been valued and
accepted as part of the development of the network, but they have not, yet, neces-
sarily been realised. Clearly the business models are evolving. For example London
SusLab and CHV are actively refreshing theirs and the SusLab NWR in Germany
has identified a new stream of potential income which they are currently developing.

One interesting insight to come from this study of the business models is how
the genesis of the SusLab has influenced the business model. For example, part of
the motivation for the development of the SusLab NWR was to encourage eco-
nomic diversification in the Ruhr. As such it initially attracted interest and assis-
tance from Government to develop itself as a SusLab. Similarly the CHV was
initiated on the backdrop of public funding, but now that it is established it is
seeking to become independent of public funds. Both of these demonstrate, in real
terms, the impact of path dependence theory (Bednar et al. 2015).

The other interesting, and unexpected, result of the work has been how relation-
ships with business varies over time, and between businesses (Franzen 2015). By
this we mean that different models suit different businesses.

Some are seeking involvement in research that will help to deliver sustainable
lifestyles and to change social practices into more sustainable ones. All SusLabs
share this opportunity, but the Concept House Village was developed with this
market in mind (although it is revising its business model). Effectively CHV set
the research program and then invited industry to fund it if they are interested.
This is a widely adopted model to fund research in universities.

On the other hand, HSB Living Lab is looking to work with business to develop
innovative products and services. The HSB model involves a closer, symbiotic,
working relationship between business and academia with both sharing the same
project goals but with each having slightly differentiated project deliverables. For
example Chalmers researchers will also be drawn to a greater extent to developing
the knowledge base within their fields of expertise; business will be drawn by the
opportunity to develop and test products using the latest research. All parties seek
to deliver the best co-created product, service or system and will gain individual
benefits from working together. These outcomes reinforce the benefits predicted
by the theory (Pohl 2008; Nicolescu 2015).

Recently completed research has also demonstrated how relationships, values
and benefits can change over time (Franzen 2015). A relationship that might start
on the basis of developing a new market for a business can with time enable a
business the opportunity of developing a product line contributing to a sustainable
lifestyle as the relationship between partners develops and matures.

Despite there being close to 170 active Living Labs there is a need to undertake
further analysis of the various business models to identify common themes in the
business cases, what is included and excluded and if Living Labs with the same
aims share the same style of business case. There is the need to share an understand-
ing of the business case development in order that the next generation of Living
Labs do not have to re-learn the same lessons that the current generation have learnt.
Further research as outlined above will also help to start to address the deficiency in
studies of transnational innovation systems as identified by Carlsson (2006).
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Chapter 31
Reflecting on LivingLabs and Future Trends

David V. Keyson and Carolin Baedeker

Abstract As technology has advanced so has the future role of living labs
evolved. With the increased availability of wireless monitoring technologies
including climate and activity sensors as well as self-reporting tools, the capa-
bility to convert virtually every house or building into a living lab has become a
reality. ICT enables now the connectivity and merging of data sets across multi-
ple living labs and monitored homes, providing a unique infrastructure for accel-
erating the adoption and marketing of innovations focused on sustainable living.
The LivingLab approach is gaining more and more importance as a mechanism to
study and shape sustainable behavior from the public and private perspective.

Keywords Living labs - Communities

31.1 Reflecting on LivingLabs and Future Trends

The convergence of globalization, shifting demographics, new services and urban-
ization is transforming many aspects of our lives. There are many new challenges
relating to where and how we work, live, travel, communicate, and ensure health
and safety. The advancement of services and products impacting our everyday liv-
ing and work requires real-world research methods that can deal with the inherent
system complexities.
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As technology has advanced so has the future role of living labs evolved. With
the increased availability of wireless monitoring technologies including climate
and activity sensors as well as self-reporting tools such as those described in this
book, the capability to convert virtually every house or building into a living lab
has become a reality. The means to rapidly prototype design interventions in the
real-world context combined with non-obtrusive measurement devices has blurred
the delineation between experimental prototypes versus an actual product as expe-
rienced by the user. In many ways the physical world of living labs resembles the
real world deployment of fully functional beta software by ICT companies for user
feedback.

The use of methods such as experience sampling, which actually embeds meas-
urement in the product itself not only inform the user, but act as a means of self
reflection thus shaping the user experience itself. Through experience sampling,
products can respond and adapt to user preferences. For example, a query on a
building occupant’s comfort level may actually result in changes in the heating,
ventilation or cooling settings. Machine learning based upon user inputs can lead
to environments that are capable of predicting to an extent user needs.

Dedicated living labs facilities require an infrastructure, which can be main-
tained and financed. To this extent, models such as the HSB Living Lab at
Chalmers University provide an economically viable model for future living labs.
The lab serves as a demonstration, test environment, and student housing.

One of the key challenges facing the Living Labs, whether for dedicated labs or
existing homes, is the recruitment of subjects and the involvement of actual house-
holds in the research and development of new products and services for sustain-
able living. Similar to beta test groups of software solutions, it is conceivable that
in the future a community of living lab households could be developed. For exam-
ple, households could subscribe to a living lab network and in return gain access
to the newest technologies to be tested in their living environment. The community
of Living Lab participants in this manner would act as lead users and could help
promote and accelerate the adoption of new innovations. Similarly a network of
living labs for other sectors in the building industry could be developed. Currently
consortiums such as Amsterdam Metropolitan Solutions have linked academia,
the Amsterdam municipality, and industry partners in such as way that the city of
Amsterdam can serve as a large living lab. Two key aspects of AMS are the notion
of open data at the city level relating to transportation, energy and resource use
combined with the spirit of open innovation.

Large communities of users and professionals can be accessed through a net-
work of living labs targeting on corporate and smaller to medium size companies.
In particular, there is a new generation of young entrepreneurs and startup compa-
nies with limited resources who are in need of mechanisms to facilitate the testing
adoption and acceleration of innovations for sustainable living and work. Living
Labs can serve as access to otherwise unattainable market access.

Several product groups, technologies and services have been identified as areas
in which LivinglLabs and methods could be applied. Table 31.1 below lists the
identified product groups, technologies and services with high resource efficiency
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Table 31.1 Overview of relevant fields of application identified for Living Labs for Sustainable
Development (Source Rohn and Leismann, in Geibler et al., 2014: 584-585)

Field of application Research perspective
Product/service innovations User behavior
Life and Work Building and infrastructure, | Behavior at home and work-

e.g., security, heating and
energy supply, insulation,
e-energy/energy assistance
Food, e.g., chilling, storage,
preparation, assistants
Health and hygiene, e.g.,
medical care, fitness, medical
technology

Furnishings of living and
working spaces, e.g., design
of electric and electronic
equipment, furniture, textiles
Information management,
e.g., communication in the
home/out of home, ICT prod-
ucts and their use
Substitution of physical
mobility by “ICT mobility”,
connection to logistics sys-
tems, Smart Grids

place, e.g., health and exercise,
energy consumption

Nutrition, e.g., food wastage,
shopping, health

Phase of life appropriate
design of home/workplace,
e.g., autonomous life at old age,
user acceptance of innovations
Integrated design, e.g., in the
area of fields of demand or
service design

Furnishings of living and
working spaces, e.g., new work-
place concepts, ways of utiliza-
tion, cascading systems, ICT
Service and time manage-
ment, e.g., being mobile, eating
healthy, exercise

Town, Region and
Mobility

Out of home catering, e.g.,
delivery services, drive-in
restaurants, etc.

Mobility, e.g., efficient mobil-
ity options (logistics), freight,
public transport linkages,
design of mobility options
Regional networks/“location
promotion”, e.g., health sup-
port systems, urban planning,
communication systems,
regional energy supply,
tourism, sharing and renting
options

Mobility, e.g., use and user
acceptance of resource efficient
mobility options
Communities/networks, e.g.,
urban agriculture, barter sys-
tems, neighborhood networks,
service concepts and suburb
development

Leisure/holiday behavior, e.g.,
regional tourism

ICT services, e.g., integrated
ICT, mobility and logistics
management

Retail and Gastronomy

Furnishings, e.g., electric and

electronic equipment, lighting,
media, online shopping, design
Mobility, e.g., efficient mobil-
ity options

Nutrition, e.g., food labelling

and declaration

Support at old age, e.g., intel-
ligent appliances

Intelligent appliances, e.g.,
digital product memory
Choice of products, e.g.,
influence of advertisement and
information campaigns
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potential and high potential for development in Living Labs. Three particularly
relevant areas of application are: ((1) Living and working; (2) Town, region and
mobility; (3) Retail and gastronomy), as well as the two research perspectives
“user behavior” and “product innovation” (Geibler et al. 2014).

Given the high and still rising resource and energy consumption, an indispen-
sable challenge in the 21st century is to achieve sustainable development, meaning
that society’s welfare generation has to happen within the natural system’s bound-
aries. To enhance these needed changes in lifestyles the involvement of end-users
to better respond to their needs can enable the development of value-added solu-
tions and act as a driver for Europe’s innovation system.

The Living Lab approach has been defined as “a user-centric innovation milieu
built on every-day practice and research, that facilitates user and actor influence in
open and distributed innovation processes engaging all relevant partners in real-
life contexts, aiming to create sustainable values”. The approach is gaining more
and more importance on different scales, including recent European and interna-
tional projects focused on smart cities combined with open innovation, open data,
and direct citizen participation.

31.2 Outlook

The Sustainable infrastructure will continuously be further developed and enlarged
(all over Europe, including the ENOLL — Network = European Network Of
Living Labs) and also used for different fields of action (food/nutrition, mobil-
ity, housing, ICT) and for different foci like e.g. user-integrated product-services
innovation in official buildings. The European SusLab infrastructure provides a
platform for large scale demonstration projects supporting co-creation by experi-
menting and demonstrating new business models addressing all forms of innova-
tion, combining technological, organisational, societal, cultural and behavioural
innovation, and strengthening the participation of civil society. The SusLab living
lab approach enables new forms of collaboration between end-users, producers,
researchers and regional/city actors to accelerate the introduction and adoption of
meaningful technological innovations and models of sustainable living.

Reference
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