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Abstract

Against the background of prognosticated rising levels of global resource consumption it is an
indispensable challenge in the 21st century to achieve sustainable development, meaning that society’s
welfare generation has to happen within the natural system’s boundaries. To do so, transition
processes need to be designed to leave this currently unsustainable development path. In this paper, we
introduce the Sustainable Living Lab (SLL) research infrastructure as a methodology to conduct socio-
technical real-life experiments in product service system development, set up in the course of the
European project “SusLabNWE- Creation of a networked infrastructure for innovation on
sustainability in the home environment”. The aim is to develop sustainable PSS solutions in the field
of heating, with strong reference to user behaviour, that can support system innovation by changing
social practices currently institutionalised in socio-technical regimes. SusLabNWE is a European joint
project and counts 11 partners in 4 countries: Heijplaat (the Netherlands), North Rhine Westphalia
(Germany), London (Great Britain) and Gothenburg (Sweden). The paper introduces the concepts and
intermediate results of all pilot studies as well as the transnational joint pilot. Theoretically, the SLL
approach conceptualises regime elements through social practice theory. Taking up recent calls for a
more profound concept of institutions in transition research, regime is understood in a more dynamic
way, as social practice theories always embrace an element of change in (re-) production. Changing
established practices, constituting a socio-technical regime, through user-integrated PSS innovation is
hypothesised to be a promising strategy to support transition from the bottom-up.
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1 Introduction

Against the background of high and prognosticated rising levels of global resource
consumption (Ward & Neumann 2012; Bringezu & Bleischwitz 2009) it is an indispensable
challenge in the 21st century to achieve sustainable development, meaning that society’s
welfare generation has to happen within the natural system’s boundaries (Rockstrom et al.
2009; Liedtke et al. 2012b; Lettenmeier et al. 2012; Mancini et al. 2011).

To do so, transition processes (Geels & Schot 2007) need to be designed to leave this
currently unsustainable development path. Because of high resource and energy consumption
food, mobility and housing are key areas in need of sustainable transitions (EEA 2013). To
enhance these needed changes in lifestyles we introduce a Living Lab infrastructure. Living
Lab can be defined as “a user-centric innovation milieu built on every-day practice and
research, with an approach that facilitates user influence in open and distributed innovation
processes engaging all relevant partners in real-life contexts, aiming to create sustainable
values” (Bergvall-Kareborn et al., 2009, 3). It provides means to observe practices involving
technical artefacts and services in the process of everyday use. That’s important since
experiences with potentially sustainable product-service-innovations in the key areas show
that these developments often do not perform in the intended way — either because of low user
acceptance or negative rebound effects (Herring & Sorell 2009). We argue that one important
factor causing rebound effects is unexpected user behaviour or wrong application of
potentially sustainable innovations (Liedtke et al. 2012a). By carefully considering users’
social practices (e.g. Reckwitz 2002; Shove et al. 2012) rather than focusing individual
product or service novelties, we expect possible rebounds being discovered and understood
during the development phase. The potentials of new prototypes to change current practices
and, thereby, potentially change rules and resources of systems of provision bottom-up, can
be tested in real-life settings. Sustainable Living Labs both support learning processes for the
involved actors in value chains and promotes change of established social practices of which
certain technical artefacts or services could play a major part. Transition can in terms of
Practice Theory 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 to meet challenges of sustainable
development, aiming to identify underlying patterns and dynamics (Geels and Schot 2007). In
doing so, it focuses on the analysis of nonlinear fundamental systemic “change[s] in structure,
culture and practices” in society or in a specific societal arena. It therefore delivers an
appropriate framework for substantiating the procedural turn in sustainability research
(Rotmans and Loorbach 2010).

Recent publications in the field of transition research called for a more profound
conceptualisation of the role of institutions in socio-technical transitions (e.g. Fuenfschilling
and Truffer 2014). The idea is here to ask for inconsistencies in existing regimes, rather than
to speak of it as “monolithic” blocks. In this paper, we conceptualise regime elements through
a social practice theory approach (Watson 2012). Changing established practices, constituting
a socio-technical regime, is a promising strategy to support transition from the bottom-up
(Liedtke et al. 2013). Thus, regime and institutionalised elements is understood in a more
dynamic way, as social practice theories always embrace an element of change in every (re-)
production of associated rules and resources through actions of actors (cf. Giddens 1984). We
therefore focus the level of social practices for our analysis.

An important starting point to change currently unsustainable patterns of consumption and
production through a change of established social practices is introducing and scaling-up
sustainable product-service-systems (PSS) from niches into mainstream to potentially induce
regime transitions. As sustainable PSS challenge existing elements of regimes both on the
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demand and supply side, a related gradual change of institutions can be expected. In this
paper, we introduce the Sustainable Living Lab (SLL) research infrastructure as a
methodology to conduct socio-technical real-life experiments in product service system
research and development, developed in the course of the European project SusLabNWE. The
aim is to develop sustainable PSS solutions, with strong reference to user behaviour, that can
support system innovation.

Recently, e.g. Ceschin (2012; 2014) suggested linking the scientific debates about the PSS
concept and transition studies. Drawing on results from innovation and transition studies
could inform PSS research to achieve successful implementation. In this respect, socio-
technical real-life experiments that include stakeholders in the development and testing stage
appear to be key to successful PSS diffusion-

In this paper we describe the sustainable Living Lab infrastructure as an approach necessary
to support transition processes. We illustrate the project SuslabNWE and describe setting,
intermediate results and future work of the four case studies.

2 How and why can SusLabsupport transition processe8

Recently, research on socio-technical transitions called for a more profound conceptualisation
of the role of institutions in transition processes (e.g. Fuenfschilling and Truffer 2014).
Aiming to better conceptualise and operationalise the regime concept, it was suggested to
draw on institutionalism in order to understand existing tensions within regimes and not
overemphasise their coherence as a system.

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): ,,...practices (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 constituted and sustained by the continued performance of the practices which
comprise them* (Watson 2012, 2). These regime elements as social practices are depicted in
the following figure (Fig. 1).

Industry:
Practices of management Markets/ user preferances:
design, producing etc. consumption practices

Socio-

°"‘:‘oﬂh1€£ technical Sonen:
g epistemic practices
practices regime
Technology: :
Jinscripted” Cultural

practices practices

Fig. 1: Socio-technical regime elements (own depiction, adapted from Geels 2002)

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 institutions as (re)produced practices
showing the largest extent over time and space). This theoretical body views institutions as
changeable entities, determining actors’ possibilities of action. Much more, actors draw on
virtual sets of rules and resources and in doing so they (re-)produce existing structural
features of social systems. But actors are reflexive and capable to act purposively against
existing rules to try and intervene in a social system, e.g. creatively handling existing tensions
between institutions in a regime. Changing institutions from the bottom up, and in this
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perspective inducing transitions of an existing socio-technical regime, is thus, a process of
purposeful actions to change social practices (Liedtke et al. 2013). Such actions can be
conceptualised as social innovation (Howaldt et al. 2011; Cajaiba-Santana 2014). One
important approach, which is discussed in relation to social innovation for sustainability
transitions of production and consumption systems, is that of sustainable product-service-
systems. As combined product and service offerings, delivering a service unit rather than a
material good to customers, sustainable PSS necessarily embrace the change of established
routines (i.e. car sharing challenges practices of individual mobility). Through spreading such
sustainable PSS solutions, practices and, gradually, related institutions in a regime are
changed, making use of existing tensions between regime elements — regarding the dominant
socio-technical regime of heating/space heating such tensions include discrepancies between
technical features of heating systems and what users expect according to their social practices
of comfort, including cultural beliefs and norms about how to create a comfortable home or
presenting your home to guests.

The concept of sustainable P@®oductServiceSystems)

The sustainable PSS concept has recently found rising attention in the scientific community
and in business, as Beuren et al. (2013) conclude in their up to date literature review on
sustainable PSS. They show that the key qualities of sustainable PSS are seen in: i)
differentiation of offerings for customers and a focus on value through solutions, thus,
providing new business cases and ii) helping to reduce the environmental impact of increased
consumption. Baines and colleagues defined PSS as “an integrated product and service
offering that delivers value in use. A sustainable PSS offers the opportunity to decouple
economic success from material consumption and hence reduce the environmental impact of
economic activity” (Baines et al., 2007, 3). A sustainable PSS often redefines the contact
between users and providers. When companies retain ownership, a stimulus for more (eco)
efficient products is assumed (Beuren et al. 2013, 5). Tukker (2004) suggested a typology of
sustainable PSS and theoretically derived respective environmental sustainability potentials.
He distinguished between product-oriented, use-oriented and result-oriented services.
According to his findings, the sub-type “functional results” shows the highest potential for
sustainability. Providers would in this case just offer a result and are free to seek the most cost
effective way, pushing radical innovations. Accordingly, it must be stressed that not all PSS
solutions can contribute to sustainability goals like absolute decoupling. Sustainability
potentials of PSS novelties would therefore carefully be considered throughout the
development process to ensure good environmental performance.

Impactof Sustainable Living Labsn transition processes

We define sustainable living lab as a locally based regional, national and international
infrastructure set-up to enable innovation processes in which users and value chain-relevant
actors actively participate in development, testing and marketing phases.

According to Ceschin (2014) it is helpful to view PSS implementation as a transition path as
conceptualised in the multi-level perspective of transition research:

“[...] the process of introducing and scaling-up radical innovations should be seen as a
transition path, characterised by:

I an incubation phase, in which the conditions needed to start the societal embedding
process are set up;

ii. a socio-technical experimentation phase, in which experiments are undertaken with the
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aim of learning and exploring how to improve the PSS innovation and how to contribute
to its societal embedding;

iii. a scaling-up phase, in which the PSS innovation (and the related new practices,
behaviours and institutions) increases its momentum and begins to influence the socio-
technical regime (the initially unusual PSS innovation increasingly becomes part of the
dominant way in  which a societal satisfaction is  fulfilled).”
(Ceschin 2014, 61)

Setting up an infrastructure and social networks to test PSS developments appears promising
to support this transition path. SLL provides a setting and methodology for such socic
technical reatlife experiments (Grol3 et al., 2005; Schneidewind and Scheck, 2013) in
transition processes (cf. also the phases Experimentsand Learning & Upscaling of the
transition management cycle by Loorbach, 2010), which Ceschin (2012) suggests drawing on
as a conceptual framework for developing and testing PSS. He concludes that experiments
involving a large network of stakeholders are key to successful implementation. Building on
this methodology, a toolbox of methods for integrating both users and stakeholders along
value chains was developed for SLL. This toolbox takes up the idea of interactive value
chains and cooperative value chain management (Schelske, 2008; Walther, 2010). SLL places
users on the centre stage and integrates several other actors in cooperative value chains to
develop and diffuse sustainable PSS innovations. Integrating stakeholders in experiments
through transdisciplinary and action research-oriented methods provides:

1) space for interaction and social learning by stakeholders,
i) insight into users’ everyday needs and social practices in which PSS are used.

By highlighting learning processes in socio-technical experiments, SLL can help to change
the behaviour of users and providers, leading to the successful implementation of PSS (see
Beuren et al., 2013). The idea is not to first develop scientific knowledge about best solutions
for sustainable PSS and then to disseminate the results, but to create tacit knowledge about
doings, resembling user practices (cf. also Schweizer-Ries, 2013). Upscaling is then a process
of diffusing newly configured social practices (social innovation) around heating. This is
supported by PSS novelties and new meanings awarded to these novelties and learning
processes.

3. SuslabNWE: Sustainable Labs North West Europe

Objectives

SusLabNWE is a locally based regional, national and international infrastructure of living
labs. This infrastructure enables innovation processes with user centred development, testing
and marketing and value-chain relevant actors respectively. With SusLabNWE methods are
developed for studying how sustainable innovations fit into the daily life of users and how
these PSS can initiate transition to sustainable living. Insights on human practices are
collected in existing homes, which serve as input for the development of concepts and
prototypes in collaboration with the extended community, and finally implemented in existing
homes as well as in living laboratories for long and short-term studies on sustainable living.
Based on the three tear model, methods are being developed for: (a) Insight research: early

1 SusLabNWE receives European Regional Development Funding via INTERREG IV B new.
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insight studies, (b) Prototyping: living lab studies in the research houses involving new
products and services, and (c) field testing: in existing homes which can be equipped with the
sustainable living innovations. SusLabNWE provides a context in which residents become an
extended peer community in the innovation process that can interact with and report on
sustainable innovations, while sharing practices with other households and stakeholders.
Central to the project is the development of user centred 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 academia sectors. The main goal of
SusLabNWE is to create a unique new infrastructure where insights, co-development and
validation of sustainable products, services, legislation and combinations of these take place
directly with users in the complexity of their living environment and daily practices. Next to
infrastructure and methodology the projects aim is to establish an international database,
useable first in the field ”housing” of households demand but expandable to mobility or
nutrition respectively. To validate the infrastructures and methods, several pilot studies are
ongoing across regions focusing on energy management and comfort in relation to heating
and cooling. The SusLabNWE project runs until April 2015 and counts 11 partners in 4
countries: Heijplaat (the Netherlands), North Rhine Westphalia (Germany), London (UK) and
Gothenburg (Sweden).

Methodology

The Living Lab concept, which is central to SusLabNWE, 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 cooperation between researchers, companies and
consumers distinguish this concept from other approaches, which revert to traditional
methods. In this regard heterogeneous methods have been applied to studying behaviour and
media usage (Eriksson et al. 2006).

This Sustainable Living Lab methodology is rooted in previous projects, conducted by the
Wuppertal Institute and several cooperating partners, and was further developed in a
continuous action research approach (Lewin 1951; Talwar et al. 2011) together with both
scientific and business partners as well as users in households. The three-phases model of
research (Fig. 2; Insight Research, Prototyping, Field Test)ndpas been adopted for
SusLabNWE. In the first phase, 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 households.
During Prototyping,actual product-service-innovations are developed and tested in the Living
Lab facilities. In the last phase Field Testing,developments are evaluated and redesigned if
necessary. Throughout the development resource efficiency and saving potentials of the new
prototype are evaluated phase- and interstage-specifically.
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Fig. 2: The Sustainable Living Labs Three--Phases Model of Research
4. CaseStudies: First results

4.1  TransnationalPilot

For assessing user interaction in the four partner Living Labs with the same technical advices
and to ensure data compatibility, a Suslab Toolkit has been designed within a transnational
pilot. This SusLab Toolkit constitutes a research platform to get insights, support co-design
and co-prototyping and evaluate sustainable home energy solutions. With the purpose to
support longitudinal, large scale and cross cultural studies, the Toolkit addresses the challenge
to optimize research effort and maximize richness of the data collected when conducting
research and design practices in the context of real homes and living lab settings. The goal of
the toolkit is to support the SusLab methodology, which aims to provide indicators that
measure energy related practices with respect to social, environmental and economic aspects.
The methodology will be applied in a campaign planned for the winter period 2014-2015
which will be conducted in the four partner living labs and living lab communities of houses
for approximately 5 month.

4.2  Regional Pilots

At four locations in Europe (Rotterdam (NL), Ruhr region (DE), London (UK) and
Gothenburg (SE)) regional Sustainability LivingLab infrastructures are constructed. The
international pilot project at the four locations for the development of marketable products,
processes and services uses the example of “heating and space heating”. Research has shown
that between 26% and 36% of in-home energy consumption is due to user behaviour (Wood
and Newborough 2003). Combined with more efficient set-ups of heating systems
Messerschmidt (2012) argues that optimised user behaviour can save 10-30% of heating
energy.

4.2.1. SusLab NortRhine Wegthalia (Germanyj

Setting and application

The European SusLabNWE project sets up an international infrastructure of LivingLab test
facilities (Fraunhofer inHaus, LivingLab-Container at Hochschule Ruhr-West) and real-life
experiment settings at different locations, 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.

2 the German SusLabNRW sub-project is co-financed by the Ministry of Innovation, Science and Research of
the Federal State of North Rhine-Westphalia.
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The above-described methodology is currently 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 Case study design Fig. 3).
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% Patterns of action and their context in laboratories (temporal, areal)
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E Sensoring, interviews, MIPS, user obser- Design-oriented scenarios (DOS), Actor analysis of diffusion, sensoring, diaries,
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Sensor technology Sensor technology Sensor technology
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1 I
> Exploratory study: Transformational objects - Heating behaviour, indoor climate, well-being >
T T

Fig. 3: Case study design: Methods conducted in the Three-Phases Model in SusLabNRW

During Insight Research a pre-analysis of heating energy consumption in the building stock of
Innovation City has been carried out and is on-going for the whole project time. Until today
around 1200 interviews has been conducted 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 dependent 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 winter pilot 1
(Winter 12/13), measuring room temperature, CO2-concentration and humidity every three
minutes 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). Within the on-going
winter pilot 2 (Winter 13/14) we started the Prototyping Phase. 40-50 households were
equipped with above mentioned data loggers for two weeks each. Within the first week a
‘basis measuring’ is conducted whereas in the second week home-automation systems are
installed. This way the impact of the different interventions can be revealed and measured. All
companies involved in this project participate during this prototyping phase either by

® The idea of InnovationCity Ruhr, Model Town Bottrop, is to transform a complete city district with a
population of about 70,000 into an exemplary district for energy efficiency by 2020. More than 100 projects
addressing different fields of action have already been proposed — some are already implemented.
InnovationCity Ruhr is managed by the InnovationCity Management GmbH which is an official partner of
SusLabNRW (for ore information see http://www.bottrop.de/microsite/ic/)
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providing home-automation systems (RWE: home-automation equipment for 10 flats, CO2
control signal) or by installing their products (Erfurt: installing “KlimaTec Thermovlies”
wallpaper in up to 10 flats).

Furthermore, within the period of Winter pilot 1, qualitative interviews combined 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.

This step prepared the user and stakeholder integrated development of prototypes (i.e.
transformational products to disturb rather adverse routines in a playful way and promote the
user to reflect heating routines, Hassenzahl and Laschke 2013), which are up to date tested in
an online survey to decide upon one favourite concept to be put into practice.
Transformational objects can be one way to change routine social practices with high resource
consumption (Liedtke et al. 2013).

Intermediate results

First 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 personal sensation of the user. We found that the
user influence especially outshines investment-heavy measures. For example zero energy
homes become dissipation homes with always-open terrace door. In contrast to that simple
and investment-low measures can have much more effects on energy efficiency. It can be
shown that physical correlation used to calculate saving potentials are annulled by user
behaviour. The predicted savings of thermal insulation or more efficient heating systems are
often not reached in practice. Within on-going assessments of the collected data it will be
possible for us to compose instructions and information edited for users. 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 together.

Our results show, that it is necessary to think about technical innovations and social behaviour
in one context. Without this disciplinary approach no energy efficiency will be possible and
thus no transition to sustainable living. It can be shown that SuslabNWE infrastructure is the
right approach or rather institution to realise such disciplinary sustainable products and
service developments.

Future Work

To finish the insight research the investigated household will be informed about the results
and instructions as well as questioned about their behavioural change and their feedback to
the measurements during summer 2014. Next to the heating and cooling profiles and thus the
energy focus also the whole natural resource consumption of households is an important
factor in describing social practices and further more consumption patterns of households. As
a next step in the Phase of insight research we want to analyse the connection of energy and
material consumption. 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 purchase behaviour and 4) time management
patterns. To analyse these relations we developed an experiment design comprising
classification of households within social milieus, MIPS (Material Input Per Service unit)
analysis as well as characterisation of ownership, purchase and time management behaviour.
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We developed a detailed questionnaire for collecting empirical data of the investigated
household.

For prototyping within a co-creation workshop planned in autumn the involved companies
and maintenance group will be brought together with the users. Next to this, other products
and innovations are tested on lab level in the smart home of the partner HRW (Hochschule
Ruhrwest). In the following winter pilot user assisting functions will be developed. Based on
home automation technology, a system will be developed consisting of improved control over
room temperature and feedback functions, informing users if their current behaviour is energy
efficient or not.

11
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43 SusLabUK

Setting and application

The SusLab methodology is being applied in London through collaboration between the
Institute for Sustainability, the Royal College of Art, and Imperial College London. Working
a diverse set of households across London and the South-east, the research examines energy
consumption practice in three phases. In the first phase, we carried out home Vvisits,
investigating people’s daily interactions with heating, lighting, appliances, and energy
monitors, alongside their understanding of energy (Lockton et al, 2013); we are currently
focusing on thermal comfort (perceptions, and physical data) in a study in Kent. The aim here
is to develop a fuller picture of the contexts of energy use in everyday life.

The second phase will conduct a series of experiments at a sustainable 'living laboratory' on
the London Sustainable Industries Park (London SIP) in East London, in collaboration with
the Greater London Authority (GLA). The facility aims to look and behave like a residential
property in order to test user interaction with energy and water efficiency innovations in a
near real-life setting. The information gathered from the living lab will help to better
understand how people interact with technology and our focus is on the user-interface design
for energy monitoring and control systems. As a modular living laboratory, we will be able to
conduct controlled experiments in a familiar domestic setting, thus providing appliance
manufacturers, designers, utilities and control technology companies with a unique facility for
testing and developing solutions for residential properties.

These activities provide a range of data, including qualitative interview results as well as
detailed monitoring of home energy consumption and climate. The third phase uses state-of-
the-art statistical techniques to investigate how this respondent-level data can be combined
with other London energy data sets to provide more detailed assessments of how SusLabs
interventions might affect energy consumption in the wider population.

Together these activities allow us to understand everyday energy consumption practices,
potentially offering answers to both understanding variation and addressing it, through design,
in ways appropriate to different needs. Judicious integration of quantitative energy and
environmental data with qualitative insights from ethnographic research could allow a more
nuanced and inclusive design approach, reflecting the diversity of everyday experience.

Intermediate results

What we have found so far confirms something which might seem obvious: people don’t set
out to ‘use energy’: instead, they’re solving everyday problems, meeting needs for comfort,
light, food, cleaning and entertainment, often with emotional dimensions. This has
consequences for designing ‘behaviour change’ interventions, and also, more widely, for
policy areas such as smart metering and retrofit schemes.

For example, appliance-level or even activity-based disaggregation of energy use, combined
with new forms of visualisation taking into account people’s current understanding of how
systems work, could be more useful to householders in helping them save energy than the
standard ‘whole house’ real-time displays generally offered by utilities. Focusing on
influencing perceptions of thermal comfort—rather than space heating per se—could offer
new opportunities for more efficient home energy use. From the wider perspective of design
for behaviour change, our work confirms the importance of including ethnographic work with
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the public as part of any research process, to understand better the contexts of everyday
decision-making.

We have also tested a range of sensing technologies, both in the lab and in the field, and
found that the UK households have very diverse energy supply arrangements. In particular,
energy metering technologies in shared accommodation (e.g. blocks of flats) may be difficult
to access and a variety of technologies may be used for the gas and electricity meters. This
makes it extremely difficult to design standardised products that ‘just work’. We have also
found that although several large data sets on energy consumption in London are available,
there are significant limitations in the data. For example, gas consumption data (the dominant
heating fuel in the UK) is available only as annual average consumption figures and data sets
provide limited meta-data about the types of households and dwellings being monitored.
Therefore while we have applied several statistical learning techniques to estimate
consumption profiles for SusLabs households, the error margins are very large when initially
deployed. This highlights the importance of building learning algorithms into any SusLabs
interventions so that information signals can be customised and made sufficiently accurate for
consumers to take appropriate action.

Future Work

In the design phase, our householders are involved, alongside energy experts and ‘lead user’
members of the Internet of Things community, in a co-design process to create interventions,
through a series of workshops and hackdays. Focusing on two areas uncovered through our
research—improving public understanding of energy use through reducing its ‘invisibility’,
and addressing thermal comfort in ways beyond standard space heating—we are designing
and prototyping technology interventions which will be trialled during summer 2014 and
winter 2014-15 in both Living Labs across north-west Europe, and householders’ homes, to
evaluate their usability and effectiveness in practice at influencing energy use behaviour. As
well as commercial implementation opportunities through the SusLabNWE project, the
insights from the research will inform future work on design for behaviour change in the
energy sector, and wider research into investigating and enhancing public understanding of
complex systems.

44 SusLabSweden

Setting and application

The regional SusLab infrastructure in Gothenburg, called HSB LivingLab, is projected to
begin construction in 2014 situated at the Chalmers university campus and will be a 3"
generation living lab, consisting of a three story building with a total floor area of
approximately 1200 sq.m (see , divided on student and visiting researcher apartments and
common areas. Being 31 generation means that the HSB LivingLab will draw from three
scientific fields (Design and Behavioural science, Sustainability science and Systems and
engineering) to underpin the overall aim of enabling sustainability.
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Fig.3: SusLab V\‘Ii\|~| be located on Chalmers campus Johanneberg. A preliminary design is
shown here.

The construction design philosophy is centred on flexibility and modularity to allow a
dynamic research framework where field tests can be conducted in a true co-creation process.
To achieve these goals the HSB LivingLab will be designed and planned in a multi-
stakeholder project group, where Chalmers University of technology (Chalmers) and the HSB
housing association will be the main contributors. Some of the requirements on the design
and construction include

* Building footprint should be approx. 400 sg.m.

* should provide housing for 20-30 students
* moveable

* low construction cost

» flexible interior

* common/shared kitchen

* private or shared bathroom

The ground floor is planned to contain an exhibition hall, as well as offices and a meeting
room (Pirri & Afentoulidou 2013).

The organization around the research and innovation projects that are to be conducted in the
HSB LivingLab is yet to be formed, but it a ‘Knowledge Innovation Selection Committee’
has been envisioned that should consist up by participants from the stakeholder organizations,
as well as representatives from household dwellers (Hagy & Balay 2013). The purpose of this
committee will be to coordinate research projects and ensure a true co-creation process, to
fully harvest the potential of user innovation.

Furthermore, the aim is to establish a framework that will allow quantification of material and
energy flows on different disaggregation level and temporal resolution. The desired system
boundaries and level of aggregation depend on the research context (Harder 2013), and
therefore the data collection infrastructure should ideally allow for flexible boundaries and
disaggregation, and include all feasible flows associated with the household entity, including
also flow of food items on a highly disaggregated level through the use of a data collection
platform called FoodWatch (Harder et al. 2014). A data collection framework that fulfils
these criteria can provide fit-for-purpose information and will allow a detailed understanding
of household metabolism, as well as allowing the quantification of the effect of interventions
and co-creation innovation processes.

Short term project milestones include the specification and successful demonstration of a
sensor network technology that can satisfy the requirements outlined above, as well as
establishing data storage, management and visualization platforms, to facilitate access to large
amount of collected data.

14
Nur zur eigenen Verwendung/keine Weiterreichung



Intermediate results

We have begun developing a web based sensor data aggregation and visualization platform
primarily for researchers, but we also envision an API that will allow 3" party developers to
access parts of the database. This will allow independent research teams and entrepreneurs to
integrate with the sensor infrastructure in a modular fashion, which will facilitate the
innovation process.
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;Fig.4: Example of web based sensor data aggregation and visualization

Future Work

The work ahead, among other things, concerns the specification of the requirements on the
sensor network to be installed in the HSB LivingLab as construction starts during 2014.
Based on specifications a supplier will be identified. Other important tasks involve ongoing
development of the web interface and database solution, to meet requirements on storage
safety and data integrity.

45  SusLalCHV (Concept House Village)

Setting and application

The core of the Dutch Sustainable Living Lab consists of Concept House Village (CHV) a
test bed for experimental sustainable building and living in Rotterdam in the district Heijplaat.
Different type of experiments are being executed in this small district in transition;
experimental legislation and permits, user- and student involvement both in the design as in
the building process with range of different types of sustainable houses. Other experiments
are concerning the development of new businesses and new ventures in trying to speed-up
innovations in the built environment. Concept House Village concerns newly built (attached,
detached and multi-family) as well as refurnished dwellings. The TU Delft is cooperating
intensively with the Rotterdam University of applied Sciences, the municipality of Rotterdam
and industrial partners covering the broad array of stakeholders to be able to make transitions
happen. Insight studies (Tier 1) take place also in other places in the Netherlands. The tier 3,
the upscaling and longitudinal research, is planned in other transition areas in the city of
Rotterdam.
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The SusLab methodologies being developed and validated in the Netherlands include a range
of user-centred design methods, including network analysis, experience sampling, and actor
re-enactment.

Intermediate results

In social practice theory, practices — socially shared entities such as cleaning, cooking and
playing — are taken as the fundamental unit of analysis. So far, however, design research in
this area has been scattered and varying strongly in its interpretations of the implications of a
‘practice-orientation’. Kuijer (Kuijer 2014) explored these implications through a series of
empirical projects on the topics of bathing and staying warm at home and proposes a coherent
practice-oriented approach to sustainable design. One of the prototype houses of Concept
House Village served as a Living Lab for the empirical case of bathing.

Selected target
practice

l

Quantify
consumption
indicators

Current average, variety,
history and target level

PRACTICES AS A UNIT OF ANALYSIS

Map
the target
practice

Opportunities for
desirable change

PRACTICES AS A UNIT OF DESIGN

Reconfiguration
that works

Fig. 5: Model for taking practices as a unit of analysis and identify opportunities for
interventions in a selected target practice (Kuijer 2014)

A wireless sensor platform for climate and energy measurements has been created along with
a cloud-based SQL database system. The networked platform features ZigBee Mesh2 network
boxes containing seven sensors that are battery operated with an optional AC adaptor. The
sensor box currently contains sensors for humidity, air temperature, light, CO2, sound,
motion, and an accelerometer to measure box position (figure 2). Via a ZigBee Wi-Fi gateway
all data is collected via a cloud-computing infrastructure. Each of the Suslab partner countries
has a local web portal to access the central data server. A second-generation networked
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wireless sensor box is currently under development, which will contain a sensor-plug in
architecture, to enable easy interchange of sensors, including fine particle and CO-sensors.
Furthermore, advanced user interface designs are currently being developed to link with the
sensor platform to enable studies on design interventions. For example, the Equarium (figure
2) interface provides users with a visualization of an eco-system that is coupled to climate and
energy parameters. The researcher can determine the actual coupling of sensor data to
underwater and above water design parameters, such as, water level, water clarity, plants and
light, as well as fish expression, size and colour. Text messages to the user, as projected via
the fish, can be sent by remotely located researches.

Great that you're running
your washing machine at
peak solar power times!

Figure 2: Equarium. A fish character monitors and communicates with home occupant. The
physical state of the Equarium reflects climate and energy parameters. Underlying sensor data
views are also available via the Equarium menu.

Future Work

The developed methods will be used, tested and evaluated in the eight prototypes under
development in the Concept House Village. The sensor platform will be tested and validated
in a small scale experiment (N=6) houses of the a partner social housing organisation
Woonbron. Co-creation experiments will be executed within an ambitious refurbishing
project aiming at a zero-energy solution, called 2ndSkin.

5. Conclusions

The objective of the Sustainable Living Lab (SLL) approach is the assessment of sustainable
product and service systems (PSS) by user integration. With SLL practices involving
technical artefacts and services in the process of everyday use are observed. The idea is not to
first develop scientific knowledge about best solutions for sustainable PSS and then to
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disseminate the results, but to create tacit knowledge about doings, resembling user practices.
Many technical developments often do not perform in the intended way. We argue that one
important factor causing these rebound effects is unexpected user behaviour or wrong
application of potentially sustainable innovations.

Only with the right application and a change of currently unsustainable patterns of action
society can reach sustainable living. Thus, we argue, that SLL with its regime — seen as
systems of interrelated social practices — and institutionalized elements — that are understood
in a dynamic way — is an important and necessary approach to initialize transition processes.
Changing established practices, constituting a socio-technical regime, is a promising strategy
to support transition from the bottom-up. Setting up an infrastructure and social networks to
test PSS developments appears promising to support this transition path. In context of that,
SLL

i. provides a setting and methodology for such socio-technical real-life
experiments in transition processes.
ii. places users on the centre stage and integrates several other actors in
cooperative value chains to develop and diffuse sustainable PSS innovations.
iii. can help to change the behaviour of users and providers, leading to the
successful implementation of PSS.

The intermediate results of the case-studies firstly proof the high influence of user behaviour
concerning energy use for heating and cooling that must be considered in terms of transition
processes. Secondly, it can be shown that people does not think about cost or energy use when
they are solving everyday problems or meeting needs of comfort etc. This must be considered
when designing interventions but also for policies as smart metering and retrofit schemes.
With this, it will be extremely difficult to design standardised products that “just work” and it
shows the importance of the establishment of sustainable living lab infrastructures.
Nevertheless, first examinations in the phase of Prototyping showed that user behaviour can
be changes by PSS and also the simple discussion about energy use and illustration of private
energy consumption can lead to changes. Future challenges in the project will be to assess
these behaviour changes more detailed.

These first results support and confirm the initial idea that SLL infrastructures are an
important approach to focus human technology interactions that are important to reach
transition. It can be shown that successful sustainable PSS can only be developed within real
life settings and the integration of users or rather households that are realized within SLL. The
three tier model enable to start in niches and lead to regimes changes. The installation of a
transnational infrastructure with scientific institutions, companies, households in city quarters
but also laboratories seems to be best to initiate transition processes in the context of
sustainable PSS.
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