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Abstract: The analytical framework presented herein is based on the identification of social groups
with distinct patterns in their energy-relevant behaviour. This was achieved by clustering individuals
according to their primary energy demands in six main areas of life. Due to the close relationship
between energy-relevant behaviour and associated impacts, the suggested approach is considered
better suited for the identification of groups with actual differences in their climate and energy-related
behaviour than conventional approaches that cluster individuals based on their psychological
or sociodemographic characteristics. Moreover, it is assumed that this focus on energy-relevant
behaviour leads to a higher measuring equivalence in a country comparison or in a longitudinal
setting. From an analytical point of view, the most significant benefit of the presented method over
conventional lifestyle typologies is that all psychological, cultural and sociodemographic factors
can be used as explanatory variables without resulting in circular reasoning. In terms of required
data, the approach was designed around what could be collected by conventional survey methods.
Variables such as energy use and emissions were calculated by the means of life cycle assessment
(LCA) based on self-reported behaviour and equipment use.
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1. Introduction

As a response to escalating environmental problems and climate change, we need society-wide
transitions in a sustainable direction with respect to the production, distribution and consumption
of energy and other goods [1,2]. Sustainability transition scholars have traditionally addressed these
challenges by focusing primarily on systems of supply and technological innovation [3-7] rather
than on consumption and everyday life [8-10]. In recent years, however, interest in the role of
citizens or consumers as central agents in systemic change has increased in studies of sustainability
transitions. This interest is often operationalised through a focus on the role of technology users
in the transformation of socio-technical systems [11,12], e.g., as frontrunners involved in grassroots
innovation [13]. Implicitly, this points towards the importance of understanding the role of people’s
lifestyles for changing broad societal trajectories. Indeed, the question of how to change lifestyles
in a sustainable direction has “rapidly become a focus of environmental policy and popular commentary
on environmental issues” [14]. However, to date, the lifestyle concept has, also due to a missing
terminological agreement, not been systematically and unambiguously represented in discussions on
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energy and sustainability transitions [15]. Our prime goal in this paper was to bring lifestyles to the
fore in transition discussions by supporting a behaviour- and impact-centred understanding and to
present a widely applicable research-framework.

Pierre Bourdieu defined “Life-Style” as “a system of classified and classifying practices ( ... )” [16].
Early research to identify lifestyle variables within patterns of consumer activities within realms as
travel, work, home leisure activities and service use succeeded [17]. Yet, within the contemporary
transitions literature, “lifestyle” is seldom defined specifically, and there are few discussions about
which practices constitute a lifestyle. Instead, “lifestyle” tends to be articulated as an abstract and
poorly defined concept, e.g., discussed as part of a broader “socio-cultural stock” [18]. Lifestyles have
been discussed as being shaped by local contexts, such as cities [19] and buildings [20], and as being
embedded in and dependent upon specific socio-technical systems [13].

Such perspectives are important because they provide clues about some of the specificities needed
to design effective interventions and policies aiming to influence and change lifestyles in a more
sustainable direction. Indeed, recent high profile modelling research has highlighted the importance of
an increased focus on the energy systems demand side [21], and calls have recently been made to more
explicitly make lifestyles the target of actual policies rather than just being considered a voluntary
add-on to broader transition efforts [22]. We agree that addressing lifestyles is crucial, but in order to
design political instruments that target lifestyles, we must also have a firm grip on how lifestyles are
constructed. Our goal in this article was to advance this agenda by placing the lifestyle concept centre
stage in a discussion about decarbonising society. We do this by proposing the concept of impact-based
lifestyle research, which zooms in on specific characteristics of lived lives with respect to estimating
energy consumption and CO, emissions, and assessing the driving factors behind different patterns of
energy-relevant behaviour across different areas of life. This will provide an “enhanced comprehension of
comparative qualities of lifestyles” as has been called for in social scientific energy studies [23]. Hence,
our contribution in this article is methodological by strengthening the rigour of energy lifestyle research,
but also conceptual in the sense that it helps to advance insights into what energy lifestyles are.

2. Beyond Existing Research on Energy Lifestyles

Today, studies that explicitly address energy-related lifestyles are rare. Lutzenhiser and Gossard [24]
pointed out that for a brief moment in the early 1990s, the concept of lifestyle dominated social scientific
energy studies, but that it has declined in presence and terminological clarity since then [15]. Thereby;,
the spectrum of scientific debate on energy lifestyles covers, for example, historical transformations [25],
energy cultures on a macro level [26], and the role of energy crises and major events such as catastrophes [27].
In the quantitatively oriented studies that do exist, a common approach is to assess lifestyles through
national statistics, analysing them through “demographic variables which are only crude indicators of energy
use” [23]. Such statistics typically rely on average per capita numbers and thus only hardly account for the
variance in individual behaviour.

Furthermore, most studies of energy-relevant behaviour have a primary focus on single areas of
life (see e.g., [28]). Hence, they lack sensitivity to the relationships between different aspects of the
lived experience within targeted groups. For example, public discourse tends to emphasise that people
in western societies eat too much meat and use too much fossil fuel for land and air transport to achieve
ecological sustainability. Hence, one could assume that the western lifestyle [29], or even “the Austrian”
or “the Swedish” lifestyles, are by definition unsustainable. Although there have also been quite
sophisticated approaches to identifying consumer-lifestyle related opportunities for policy design on
a more aggregated (i.e., national) level [30], they conceal the complexities of human behaviour and
limit the opportunities of producing targeted policies that work. Each individual has a specific energy
demand profile and climate impact which renders national average per capita numbers virtually useless
for many questions in target group-oriented policy design. Interestingly, beyond studies of income and
other forms of resource allocation, the societal distribution of energy-relevant practices and related
climate effects remain relatively underexplored. Recent approaches to segmenting groups on the basis
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of their smart-meter-generated energy consumption profiles in the household promise better insight
into group-specific differences in that part of the lifestyle that occurs at home [31]. In order to shed
some light on methods of lifestyle segmentation and to go beyond the portion that takes place at home,
a number of aspects that are considered essential for energy-specific lifestyle research are discussed.
First, however, we define our understanding of “lifestyle” in the context of climate and energy.

One way of conceptualising a lifestyle is as a form of “self-identity[ ... ] informed and expressed by
engagement in lifestyle practices” [32]. As the “energy lifestyle” of a person, we therefore highlight the
activities that are part of the person’s private sphere of influence and have an impact on this person’s
energy demand and climate impact. Thus, the energy demand of privately consumed products and
services (including trips between home and work) are part of the analysis whenever the lifespan of the
respective product can be estimated to a reasonable extent, so that the energy demand for its provision
can be reduced over time or per usage unit. This is, for example, the case with the most forms of
mobility, food, and consumer goods, but not for residential buildings. Furthermore, the focus on the
private sphere of influence means that, for example, the distance travelled by car between home and
work is attributed to the individual lifestyle, while kilometres travelled for professional purposes
(e.g., as a sales representative or a bus driver) are not a question of the individual’s “energy lifestyle”.

In the following section, three main limitations in conventional methodological approaches to
lifestyles are discussed. We also elaborate on how our approach addresses these limitations.

2.1. Limitation I: Limited Specificity and Comparability of Group Identification

A key aim of lifestyle research is to identify lifestyle groups with distinct behavioural patterns.
Most existing studies used methods for group identification that abstract from certain indicator
variables to energy-related behaviour in general. One major methodological strand identifies groups
by clustering individuals on the basis of psychological variables (e.g., environmental attitudes, norms,
values) or behavioural “proxy” variables (e.g., the use of LEDs instead of conventional light bulbs).
However, such come with two major disadvantages.

First, the choice of proxy variables often rests with individual researchers and strongly depends
on the understanding of the term “lifestyle”. To date, no common understanding of “lifestyle” seems
to have been established in environment related research, which makes it difficult to answer the
question about the “right” choice of indicators. Consequently, the term “lifestyle” covers a large
spectrum of definitions and the respective research has very diverse foci. Some authors handle
“lifestyle” as a dimension that is strongly characterised by freedom of choice and as a contrast to
vertical stratification parameters like education and income [33]. Others see “lifestyle” as a synonym
for household-characteristics [34] or point to certain behaviours as “lifestyle elements” [35]. Some try
to characterize “the western lifestyle” [29], “lower-carbon lifestyles” [36], “low carbon lifestyles” [37],
or pro-environmental lifestyles [32]. Furthermore, some point towards lifestyle changes on an aggregate
level [38], or “consumer lifestyle” on a national level [30], just to name a few examples of the diversity
of ways in which the term has been operationalised.

Secondly, the relationships between proxy variables and behaviour or behavioural impacts should
not be seen as deterministic links. High environmental awareness in the sense of attitudes and
intentions does not necessarily imply corresponding behaviour. This is caused by the fact that the
relationships between such “predictor” variables and behaviour are influenced by a large variety of
other variables, many of which are hardly accessible for empirical research. The resulting discrepancy
between people’s psychological predisposition with regard to environmental behaviour and their
action is referred to as the “attitude-action gap” [39-42]. Reports from two Austrian projects which
aimed at analysing energy-related lifestyles on a group level, illustrate a consequence of this problem.
Both studies were conducted practically at the same time in the same country, and both aimed at
identifying energy-relevant lifestyle groups. However, they obtained incommensurable and internally
inconsistent results [43]. One of the studies [44] identified four groups with nearly identical energy
use patterns and impacts. The other study [45] identified five groups with observable differences in
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their energy-related behavioural patterns, but with striking inconsistencies like “Disoriented Polluters”
having the highest share of respondents using bicycles or public transport as their primary mode
of transportation, and “Eco-Responsible” having the smallest share of daily cyclists. While the
former used the energy-unspecific typology “Experience Milieus” [46], the latter used variables about
energy-related attitudes, values and perspectives, similarly to an earlier German study [47]. However,
as long as energy lifestyle segmentation does not reliably identify meaningful groups that significantly
differ in their energy-relevant behaviour, the usefulness of group level analyses remains questionable.

Since a high congruency between awareness and action is the exception rather than the rule [48-50],
group identification on the basis of awareness-related variables is problematic. At a first glance,
the identification of groups based on a small selection of variables on respondent’s pro-environmental
and energy-saving behaviour seems a promising alternative. However, results obtained by this
method raise doubts on this approach: for example the overall environmental footprints of “green” vs.
“brown” consumers (identified by a selection of pro-environmental behaviours) turned out to not differ
significantly in a 2012 study [51]. This phenomenon was entitled the “Behaviour-Impact Gap” .

Another methodological strand is inspired by empirical findings that suggest a strong link
between wealth and energy use/emissions, as, i.e., found by Lutzenhiser and Hackett [52]. The related
“lifestyle” approach on the basis of economic input-output modelling operationalises “lifestyle” by
using sociodemographic factors like household composition or family status and estimates energy use
and emission as a function of expenditures [30,53,54]. However, the fact that estimations of that kind
require economic information about all energy-relevant behaviour limits their practical applicability.
For example, being a passenger in a car affects the energy and climate-specific behavioural impact
of everyone on board, but the allocation of costs most commonly does not reflect the per-capita
impact of the ride. Similarly, heating ones home with wood from a privately owned forest makes
calculations based on expenditures impracticable and, if conducted, is prone to distortions caused by
market changes.

In addition, there is another issue associated to the aforementioned problems: limited cross-national
and longitudinal measuring equivalence, and thus, comparability (a well-known challenge in social
science research) [55-57], is also a challenge in lifestyle research [33,58-61]. The diverse ways in which
psychological characteristics translate into energy-relevant behaviour and how financial means translate
into energy and climate impacts limit the measuring equivalence with regard to behaviour. For example,
a group which is expected to have a large environmental impact due to its psychological characteristics
or financial capabilities, may have a high impact in context A, but a relatively small impact in context
B due to moderating factors. Therefore, typologies based on proxy variables do not only tend to be
unreliable but are by design hardly comparable in terms of actual group-specific behaviour.

This indicates that three requirements must be met if meaningful groups with specific behavioural
patterns of energy behaviour are to be identified:

(1) The energy lifestyle indicator shall not consist of psychological characteristics;

(2) The energy lifestyle indicator shall take into account as many aspects of energy relevant (private
sphere) behaviour as possible; and

(3) The energy lifestyle indicator shall provide a reliable basis for comparing lifestyles between
different countries and points in time.

2.2. Limitation II: No Clear Distinction between Classifying and Explanatory Variables

In lifestyle research, many authors (including ourselves) refer to Pierre Bourdieu, who defined
“Life-Style” as “a system of classified and classifying practices ( ... )” [16]. Despite this emphasis on the
fact that lifestyles are defined by particular practices, hardly any studies attribute them a pivotal
role in the identification of lifestyles. More often, it is the case that variables that could actually be
used as explanatory variables for behaviour are used for group identification. As mentioned above,
this is especially problematic when psychological parameters are used as proxy-variables for the
identification of groups expected to be different in their respective behaviour: Besides the problems
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caused by the above mentioned attitude-action gap, equating values and behaviour eliminates the
chance for assessing the group-specific impact of psychological variables on behaviour. It seems likely
that many efforts of that kind were guided by the aim of generating a holistic, but rather descriptive
picture of different lifestyles. However, if the question about the driving factors behind different
energy-relevant behavioural patterns should be addressed, the model development and analysis must
strictly distinguish between classifying and explanatory variables.

2.3. Addressing Limitations 1 & 11

In order to provide the framework developed herein with structure, we mobilised a three-component
understanding of what characterises a lifestyle, based on the work of Liidtke [60]. These three components
are “Performance”, “Mentality” and “Situation”. The details of these components are elaborated on
in Table 1.

Table 1. Three components of “Lifestyle” according to Liidtke (1996).

Performance Facts of behaviour and relations to physical objects

Subjective perceptions like values, life-goals, preferences etc.; consisting
Mentality of a cognitive-motivational component and mental reflexions of the
current lifestyle-practice.

Objective context of life, including cultural and socioeconomic resources

i ion .
Situatio and constraints.

2.3.1. Specificity and Comparability

To assess the driving factors behind different patterns of energy-relevant behaviour, we aimed
to identify groups that differ as much as possible in their energy-related behaviour. In order to
avoid the above-discussed problems related to the attitude-action gap, our approach was centred
on the “Performance” component by identifying lifestyle groups based on the respondents’ primary
energy demands in different areas of life, expressed in the unit kilowatt-hours (kWh). These energy
demand values were calculated based on self-reports about behaviour and equipment use (the actual
“Performance” component of lifestyle). The energy-relevant categories of behaviour and equipment use
were identified under consideration of climate scenarios based on demand side changes and behaviour
change [21]. In order to categorise these behaviour related variables, we distinguished between
the six areas of life “Housing”, “Mobility”, “Diet”, “Consumer Goods”, “Recreational Hobbies”,
and “Information”. These six areas of life were chosen because the authors suggested that they
provide a suitable basis to categorise energy-relevant behaviour and equipment use in a practicable
way. They need a place to live, to move to and from work and other activities, something to eat,
and clothes and other consumer items to support their life. In addition, in the modern world, a person
needs to have forms of entertainment and knowledge. These are covered by “Recreational Hobbies”
and “Information”. Data on the respective behaviours were collected with relatively easy-to-answer
survey questions resembling those used in carbon footprint calculators (The item battery that was
developed as a part of the H2020-funded project “ECHOES” and used for a survey in 31 European
countries is shown in Appendix A). In the development and pretesting of the questionnaire, particular
attention was paid to keeping the number of “do not know” responses as low as possible. Respondents
who were nevertheless unable to answer a certain question were either given the national average
from an external data source (for example, for annual vehicle km, the data availability is usually
good) or they were assigned to the most frequent response category. The most essential feature of
an energy lifestyle typology created by a clustering of individuals based on their energy impacts in
different areas of life is the following: the clustering is based on variables that have a closer relationship
to the energy-relevant behaviour than would be the case for proxy variables like values, attitudes,
or pro-environmental behaviour. The deterministic relationship between behaviour and resulting
energy demand causes a higher consistency between the (energy-)lifestyle indicator and the specific
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behaviour of the identified groups. The result is a more realistic typology of energy-relevant behavioural
patterns. Therefore, the cluster solutions can be expected to differ considerably more in the groups’
energy-relevant behaviour and impacts than what is the case with proxy models, which have shown to
reveal groups with little or no differences in their energy demands or greenhouse gas emissions [44,45].
This expectation was supported by a typology generated with an impact-based approach for an Austrian
sample [43]. The impact-based approach also has an advantage with regard to the comparability of
resulting typologies: the relationship between certain behaviours and the resulting primary energy
demand is deterministic, which means that the path between behaviour and the related consequence
is known. For example, extensive mobility behaviour is associated with a high-energy impact in the
area of mobility, regardless of the spatial or cultural context. Thus, behavioural typologies based on
calculated impact estimations are better suited for cross-national comparisons and longitudinal studies
than psychographic or proxy-behaviour-based typologies.

2.3.2. Classifying vs. Explanatory Variables

The second analytically beneficial difference between proxy models and the impact based approach
presented herein is the strict distinction between the variables of primary interest (energy-relevant
behaviour and related impacts) that are used for group identification, and variables that can be used to
explain the respective behavioural patterns (e.g., psychological characteristics, sociodemographics,
context parameters). This distinction broadens the range of feasible analytical procedures beyond the
mainly descriptive discussion of group characteristics, as it allows a better quantitative analysis of the
driving factors behind different patterns of behaviour. In proxy-based models, by contrast, the choice
of explanatory variables is very limited by default. Since the fundamental assumption of a strong
relationship between attitudes and behaviour is the basis for group assignment there, e.g., the influence
of attitudes on behaviour cannot be analytically addressed due to circular reasoning. In the impact-based
process, instead, all the variables that do not measure concrete behaviour or equipment use might be
used as explanatory variables for energy-relevant behaviour. Thus, the components “Mentality” and
“Situation” are fully available for the explanation of lifestyle-specific energy behaviour and related
impacts. Although their suitability for group identification is limited, they play a crucial role for
understanding the driving factors behind different forms of energy behaviour [39-42].

2.4. Limitation I1I: Focus on Households Instead of Individuals

Since the above mentioned “classified and classifying practices” [16] can be performed by both
individuals and by micro-groups like households, the term “lifestyle” is, by definition, open for
individual and household levels. However, the framework presented herein aimed to analyse
individual-level behaviour. The reasons for this focus are described in the following section.

Seebauer and colleagues demonstrated that using individual responses as a proxy for the total
household is problematic due to limited accuracy and consistency in answers about other household
members’ behaviours [62]. Vice versa, using household-specific data as proxy for individual behaviour
or behavioural impact must also be considered problematic. For example, Bohunovsky and colleagues
calculated per capita energy use and emissions for a variety of activities based on household level
energy/emission data and the number of household members [44]. This method allows a reasonable
estimation of the energy demand and emissions for some in-house behaviours like space heating
or cooling, since they are widely characterised by the sharing of resources by different household
members. However, as soon as more individual decisions and everyday practices come into play;,
the household level does not provide a sufficient data basis about individual lifestyles of different
household members (e.g., How much meat does one eat? Where does he or she work or study? Which
mode of transportation does the individual use?). For a number of individual characteristics and
lifestyle-related behaviours, considering households as internally consistent entities is problematic.
This is the case for sociodemographics (e.g., age, sex, education, individual disposable income, etc.) as
well as for behavioural patterns, attitudes, preferences, life goals, etc. Therefore, research with the aim
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of identifying groups of people with specific lifestyle-related behavioural patterns and impacts should
focus on the life of the individual respondent in most areas of life. We are aware that individuals are also
not completely independent from their social context. However, individuals can provide more valid
information about their own lives than about other household members. Thus, we preferred to ask
for individual behaviour and control for effects through household composition instead of collecting
“household”-specific information from individuals with the aim of inferring back on an “average
household member”.

2.5. Addressing Limitation II]

A focus on the individual was applied in the study presented by Notter and colleagues, for
example. It is based on individual lifestyle data from the “Swiss Environmental Survey 2007” and
features calculations of energy use, CO; emissions and the EI99 index bottom-up, using the method of
Life Cycle Assessment (LCA) [29]. The main advantage of the lifecycle perspective is that it does not
take an isolated view on individual behaviour or equipment use but also takes macro-level factors into
account when estimating the associated energy impact. These factors include, in particular, the shares
of fossil and renewable sources in the generation of electricity used in the respective country or region.

By collecting and using decidedly individual-specific data wherever practicable and useful,
the framework developed herein had a clear focus on the behaviour of individuals throughout the
research process. With regard to the “Performance” component (Table 1), this is the case for all areas
of life except for data related to the shared use of resources in the home, where per-capita averages
are used because the individual shares of space and heat use cannot be reasonably estimated in most
cases. In the “Mentality” component, which serves as an explanatory dimension for individual energy
behaviour, scales for individual psychological characteristics as well as items with a focus on how
environmental issues are discussed in the respondents’ household or personal networks might be of
interest. Data on the “Situation” of the respondents can comprise explicitly individual variables such
as age, gender, educational level, occupation, individual income, as well as household-related variables
like the number of residents, household income, and structural variables like the place of residence.

3. Materials and Methods: Introducing the Impact-Based Lifestyle Research Framework

In the following section, the procedure outlined above is described step by step in the form of
an analytical framework (which is depicted in Figure 1), starting with the collection of the data required
to identify impact-based lifestyles.

Survey Data Basis Quantification & Group Identification Group Level Analysis
Energy relevant LCA based . . .
behaviour & Performance || | -t N Clustermg_of responde_nts Hs| n energy Ilfestyles with
5 Data - . based on impact profiles group specific behavioural patterns
equipment estimation
N AN
L
Influence of
SR S, Situation Situation

resources,
constraints

on group specific
behaviour

|
I
I
|
|
I
Data :
|
I
I
|
1

Influence of

Values, life-goals, Mentality Mentality
preferences etc. Data

on group specific
behaviour

———————— (quasi-) deterministic relationship: mechanisms are known

- -=-=-=-------2> probabilistic relationship: subject to statistical analysis

Figure 1. Illustration of the research process. Collection of data on “Performance”, “Situation” and
“Mentality” (source: own depiction).
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Presently, “Performance” in terms of energy-relevant behaviour across all main areas of life is not
covered by any larger survey-panel. Therefore, there is currently no consensus on how such data are to
be collected and the experience with such data collection is limited. However, since the estimation of
group-specific energy and climate impacts based on data about behaviour is one of the central aims of
energy lifestyle research, the question about how to gather such information about individuals has
already been discussed in the literature. For example, Bohunovsky and colleagues collected data on
direct energy use by computer-assisted personal interviews and found that the majority of respondents
were unable to provide accurate information on their energy consumption. Instead, information
about behaviour, equipment use and characteristics of their home was more easily available to the
respondents. Therefore, the authors used this kind of information and calculated energy use and
emissions on that basis [44].

The approach of impact-based lifestyle research understands “Performance” as all kinds of
behaviour with implications for an individual’s energy consumption. With regard to quantifying
the energy consumption, one option is to focus on direct energy use, such as the fuel needed when
driving a car or the electricity needed for using an electric device, for example. Alternatively, one can
take a life cycle perspective, which also takes the additional amount of energy into account that is
required for the provision of the respective products or services. Since the consequences of energy
use (such as greenhouse gas emissions) are not limited to the use phase, we consider the life cycle
perspective appropriate here. Therefore, any activities can be considered energy-relevant as soon as
either energy is utilised directly or products or services are used that require energy in their provision.
The lifecycle perspective was also chosen by Notter and colleagues [29]. (A detailed documentation of
the LCA based estimation of individual energy demands, as conducted in the project “TECHOES”, can
be downloaded as Supplementary Materials.)

As stated above, the group identification in the impact-based approach is fully based on variables
related to “Performance”, which means that the type and combination of potential explanatory variables
regarding “Situation” and “Mentality” are widely open for the individual research interest. While the
choice of variables about the individual “Situation” is likely to be dominated by sociodemographic
characteristics, the variety of potentially interesting “Mentality” parameters is large. Many well tested
and documented psychological scales about attitudes, intentions, world-views, self-efficacy, etc., are
available. Analysing groups with actual differences in energy-related behavioural patterns promises
new valuable insights into the role of different psychological and structural parameters for technology
choices and group-specific potentials for energy transition and climate change mitigation. However,
before such group level analyses can be conducted, energy lifestyle groups need to be identified.

3.1. Group Identification Based on “Performance” Data

In accordance to the understanding of lifestyle as “a system of classified and classifying
practices” [16], data on individual behaviour and equipment use need to be transformed into
an indicator for the identification of energy lifestyle groups. In addition to the large number of
potential indicator variables, there is also the question of their weighting. What makes this large variety
and the weighting-problem manageable is the fact that all of these parameters are deterministically
connected to the amounts of energy needed for different behaviours and consumption activities.
Therefore, these energy amounts can be used as an impact currency, which provides information about
the energy intensity of someone’s behaviour. This impact currency was calculated on the basis of data
on behaviour and equipment use using ISO standardised Life Cycle Assessment methodology [63]
which is a procedure that largely corresponds to an estimation of the full carbon footprint “Tier/Scope
III” [64]. As reflected in Figure 2, the variety of energy impacts from behaviour and equipment use can
be summarised into six distinct areas of life, namely Housing, Mobility, Consumption, Diet, Leisure,
and Information, as described by Bird et al. [65]. This reduction of dimensions results in an energy
lifestyle indicator set of six impact-variables. Based on these six impact-variables, individuals can be
clustered according to similarities in their impact patterns across the six main areas of life.
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Figure 2. Illustration of the impact-based lifestyle research framework developed herein. Profiles
“A” and “B” represent the LCA-estimated energy-impact patterns of fictional groups (for illustration

purposes only; source: own depiction).

Given the fact that the six indicator variables each reflect an estimate of primary energy demand
in one of the six areas of life, they can be considered metric variables. This offers a large number
of potentially applicable clustering methods. However, the results obtained from clustering can
largely depend from the algorithm choice itself as well as from a variety of decisions to be made on
their use (especially the distance measure and the number of clusters). The objective of being able
to compare between lifestyle clustering results at different times or in different countries suggests
the use of an algorithm with a minimum of choices to be made. The Two-Step Cluster Analysis,
delivered with IBM SPSS and available for R Statistics as a part of the package prcr, is based on
such a relatively user-friendly algorithm and was shown to perform well if used with continuous
variables [66]. The choice of a distance measure is relatively simple and a suggestion of a reasonable
number of clusters can be created automatically based on the AIC or BIC information criterion [67].

After deciding on a certain number of clusters, the primary energy demand patterns of the
identified clusters (like the fictitious profiles A and B in Figure 2) provide the first hints regarding the
group-typical behavioural patterns and equipment use (“Performance”). In the 31-country analysis
conducted in the Horizon 2020 funded project ECHOES, a solution with six groups was chosen as
a “reasonable balance between number of groups and interpretability” [68]. The identified groups can
be characterised on a descriptive basis and the statistical analysis of the driving factors behind different
patterns of energy behaviour and behavioural impact can be conducted by using the components
“Situation” and “Mentality” as predictors for energy-lifestyle group assignment.
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3.2. Group Characterisation, Analysis of Driving Factors and the Role of the “Context”

In a first step, the groups identified during the cluster analysis can be roughly characterised
by interpreting their energy demand profiles and underlying behaviour in combination with other
variables that qualitatively describe the group. In such a descriptive characterisation, e.g., information
on the housing situation, mobility behaviour, family status, age and gender distribution, professional
status, and information about common technologies used by group members can be included.

For the purpose of statistically assessing the driving factors behind group-specific behaviour,
our experience in the course of the “ECHOES” project has shown that in terms of interpretation, it is
favourable to model the odds for a group membership for each group in a binary logistic regression
according to the scheme “1 = group membership, 0 = no group membership”, by using “situation” and
“mentality” variables as predictors. [68] This illustrates well how the respective group differs from the
rest of the sample in terms of the driving factors behind its specific energy behaviour. If a comparison
to a certain groups is of interest, bi- or multinomial logistic regression with a specific group instead of
the remaining sample might be used as reference category.

Ultimately, the physical, spatial, cultural, legal and economic “Context” (4) in which all human
action occurs is similarly important for the understanding of how “Situation” and “Mentality”
influence the energy-relevant behaviour on the aggregate and group level. Thus, relevant context
parameters must be taken into account in both research planning and interpretation of results.
In terms of interpretation, a thorough consideration of the context can be extraordinarily important
for understanding e.g., differences between countries that cannot be explained by “Situation” and
“Mentality” variables alone. This could, e.g., be the case when a certain region has a specific
legal/political framework with extensive funding of certain technologies, while such funding is not
available in another national entity.

4. Discussion and Conclusions

Within the broad and multidisciplinary research field focusing on sustainability transitions,
the concept of lifestyles largely seems to be forgotten. In this article, we aimed to re-introduce the
concept into such discussions through the presentation of a rigorous methodological and theoretically
informed framework, which allows for analysis of what we call impact-based energy lifestyles.
Our approach has a series of scholarly benefits, as well as potential implications for the development
of policies and other interventions that target lifestyle changes.

The presented framework is based on the identification of energy lifestyle groups via similarities
and dissimilarities in individual primary energy use profiles that are estimated based on survey-collected
self-reports on behaviour and equipment use using LCA methodology. This form of group identification
addresses some main criticism towards lifestyle research in general [61] and towards its application
in the field of energy behaviour [69]. Other than group identification on the basis of psychological
characteristics (which is especially problematic due to the attitude-action gap [40], the impact-based
approach uses an indicator which is less prone to being biased by uncontrollable context-effects.
Anindividual’s primary energy demands in different areas of life have (in empirical reality) deterministic
links to the individual’s behavioural patterns and equipment use. Instead, psychological characteristics
are only statistically connected to behaviour and thus likely to result in unreliable results with regard
to the behaviour of identified groups. This makes primary energy demands a better basis for the
identification of groups that have specific behavioural patterns and the latter a reasonable choice for
the analysis of group-specific behaviour in statistical models.

Altogether, the impact-based form of group identification has three main scholarly advantages:
Firstly, it makes sure that the identified groups differ in their energy-related behaviour and not primarily
in their energy-related psychological characteristics. Secondly, the estimation of energy demand with
the means of lifecycle assessment based on behaviour/equipment use is based on a logic that remains
widely constant over time and in different regional or national contexts. Therefore, the longitudinal
and cross-sectional comparability of results obtained by the impact-based form of lifestyle research can
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be considered higher. Thirdly, by disconnecting the lifestyle group identification from all variables that
potentially explain behaviour, the range of parameters that can be used to understand group-specific
behaviour is extended.

With regard to the survey effort, the data required for a reasonable estimation of the behavioural
energy impact can, depending on the regional context, be collected with a number of around 40 items,
which is in the usual range for lifestyle indicators [58]. The option to modify or extend the list of
energy-related sub-categories while maintaining the basic structure of the indicator along six areas
of life allows the approach to be applied in other regions of the world with fundamentally different
environmental conditions and technologies. However, the validity of self-reported behaviour should
always be validated in the respective region before the approach comes to use, e.g., in a longitudinal
survey-panel. The item battery that was developed to be used in 31 European countries as a part of the
aforementioned H2020-funded project “ECHOES” is shown in Appendix A.

At a whole, the quantification of lifestyle impacts and the systematic consideration of explanatory
variables from the components “Situation” and “Mentality” provides a helpful structure for the analysis
of the driving factors behind energy-relevant behaviour of relevant societal groups and for the design
of target-group-oriented policies and interventions that address multiple areas of life. The expected
increase in longitudinal and cross-national comparability promises an improved basis for the design of
target-group-oriented policy measures and could provide an additional starting point for group-level
research on the Jevons Paradox and rebound effects [70]. By making not only patterns of behaviour but
also patterns of responsibility more accessible, the introduced approach for energy lifestyle research
might deliver a contribution to the brisk discourse about consumption-based accounting of greenhouse
gas emissions [71,72].

Ultimately, we hope that this relatively straightforward method of group identification will foster
the finding of a consensus in the question of how energy-specific lifestyle groups can be best identified
and facilitate the build-up of a cumulative knowledge base about the energy and climate relevance of
different lifestyles.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/11/21/6162/s1.

Author Contributions: Conceptualization, social science methodology and visualisation, S.S.; SSH related
theoretical background, S.S. and T.M.S.; LCA-based impact assessment methodology, D.N.B.; writing, S.S. and
T.M.S.; English proof reading, D.N.B.

Funding: The work presented in this paper was funded as part of the project “ECHOES” (Energy CHOices
supporting the Energy union and the Set-plan) by the European Union under “H2020-EU.3.3.6. Robust decision
making and public engagement”.

Acknowledgments: The methodological framework presented herein provided the basis for the lifestyle research
conducted in the aforementioned Horizon 2020 project, covering 31 European countries. We would like to thank
all ECHOES colleagues who attended the general assembly in San Sebastian in September 2017 for their extensive
feedback on an early draft of the impact-based approach. Special thanks to Markus Hadler, Petra Koénigshofer,
Maria Hingsamer, Markus Schweighart and Sebastian Seebauer for their feedback on draft versions of this paper.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

The following section contains our suggested item battery for surveying the “performance”
component of respondents” energy-related lifestyles. The questions were selected considering a severe
survey time constraint since the survey was part of a much larger energy survey. This had an impact
on the number of questions and, as such, the responses should be considered indicators of behaviour.
The questions are the result of a considerable pretest and modification effort and were designed with
the aim of achieving a good trade-off between simplicity (in order to achieve a reasonable response-rate)
and level of detail in order to provide a basis for LCA-based impact estimation. For the methodological
details of an LCA-estimation on the basis of the attached questionnaire, see Bird et al. [65]. For example,
for consumption of clothing, we asked only one question and did not distinguish between different
articles of clothing (e.g., shoes). One must remember that the gross values for each of the six areas have
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significant differences in magnitude. However, for the purpose of lifestyle identification in the ECHOES
project, a relative approach was chosen in which the six variables were converted to standardised
variables and each area was given the same weight. If you intend to conduct an impact-based approach,
always make sure to modify the questionnaire in order to ensure that behaviour and technological
choices common in the respective region are covered (e.g., sea-travel in a region where ferries are
a common means of public transport).

How many km per year do you drive a car as a driver (privately incl. driving to work)?

0 km (0 miles)

1-5000 km (1-3110 miles)

5000-10,000 km (3110-6210 miles)
10,000-15,000 km (6210-9,320 miles)
15,000-20,000 km (9320-12,430 miles)
20,000-30,000 km (12,430-18,640 miles)
30,000-40,000 km (18,640-24,850 miles)
40,000-50,000 km (24,850-31,070 miles)
More than 50,000 km (>31,070 miles)

I don’t know

—_
<

Q76 How often do you drive alone in the car? (For private purposes - including trips between your
home and working place)

Almost never
Rarely

50% of time
Very often

Almost always

Q77 How many people in total are usually in the car when you are the driver? (For private purposes
including trips between your home and working place.)

1: 1
2: 2
3: 3
4. 4
5: 5 or more

Q78 What type of propulsion does the private car you most commonly use have?

Petrol

Diesel
Hybrid-electric
Plug-in Hybrid
Fully Electric
Gas

7: I don’t know

AN L AT

Q79 What is the fuel consumption you have with your most commonly used car? (privately incl.
driving to work).

1: 3-5L (0.66-1.10 Imp. gal)
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5-7 L (1.10-1.54 Imp. gal)

7-10 L (1.54-2.20 Imp. gal)

10-12 L (2.20-2.64 Imp. gal)

12 or more L (2.64 or more Imp. gal)

Q80 What is the average distance you can drive with a fully charged battery?

1
2
3:
4.
5
6
7

up to 100 km (< 62 miles)
100-150 km (62-93 miles)
150-200 km (93-124 miles)
200-250 km (124-155 miles)
250-300 km (155-186 miles)
300400 km (186—249 miles)
More than 400 km (> 2249 miles)

Q81 How many km per year do you ride a motorbike or scooter (privately incl. driving to work)?

—_
<

0 km (0 miles)

1-2500 km (1-1550 miles)

2500-5000 km (1550-3110 miles)

5000-7000 km (31104350 miles)

7000-10,000 km (4350-6210 miles)
10,000-12,500 km (6210-7770 miles)
12,500-15,000 km (7770-9320 miles)
15,000-20,000 km (9320-124,300 miles)

More than 20,000 km (more than 12,430 miles)
I don’t know

Q82 What is the fuel consumption of your most commonly used motorbike or scooter? (privately incl.
driving to work)

1-2 L (0.22-0.44 Imp. gal)

2-4 L (0.44-0.88 Imp. gal)

4-5L (0.88-1.10 Imp. gal)

5-7 L (1.10-1.54 Imp. gal)

7 or more L (1.54 or more Imp. gal)
It is electric

I don’t know

Q83 For how many trips per week are you a passenger in a private vehicle?

1: 0

2: 1-2

3: 34

4: 5-6

5: 7 or more

Q84 When you are a passenger in a private vehicle, how many people including yourself are usually in
the car?

1: 2

2: 3
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4: 5
5: 6 or more

Q85 Which type(s) of public transportation do you use as a part of your routine mobility? (please
choose all that apply)

Bus
Train
Tram or streetcar

Underground

None of the above

Q86 How many minutes do you spend on the Bus on an average weekday?

1-10 minutes a day

11-20 minutes a day

21-40 minutes a day

41-60 minutes a day

More than 60 minutes a day

AN L L AT

I do not use the bus regularly.

Q87 How many minutes do you spend on the Train on an average weekday?

1-10 minutes a day

11-20 minutes a day

21-40 minutes a day

41-60 minutes a day

More than 60 minutes a day

SANRC U S e

I do not use the train regularly.

Q88 How many minutes do you spend on the Tram on an average weekday?

1-10 minutes a day

11-20 minutes a day

21-40 minutes a day

41-60 minutes a day

More than 60 minutes a day

AL R o e

I do not use the tram regularly.

Q89 How many minutes do you spend on the Underground on an average weekday?

1-10 minutes a day

11-20 minutes a day

21-40 minutes a day

41-60 minutes a day

More than 60 minutes a day

I do not use the undergound regularly.
Q90 Please choose the answer that best describes your bicycle use.
I almost never go to work or shopping by bike.

I rarely go to work or shopping by bike.
I sometimes go to work or shopping by bike.

I usually go to work or shopping by bike during the warm season.
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5: I'usually go to work or shopping by bike during winter.
6: I usually go to work or shopping during whole year

Q91 Please choose the response that fits your opinion about carsharing the best. By carsharing we
mean a very short (hourly) to long (days) rental of cars, operated by companies or private initiatives.
Usually accessible at all hours and located close to the user.

Not tried it and not interested.

Not tried it, but it sounds interesting.
Tried it and liked it.

Tried it and did not like it.

Q92 About how many hours have you spent on private flights, for purposes like holidays, over the
past year?

0

less than 3 hours
between 3 and 6 hours
between 6 and 10 hours
between 10 and 15 hours
between 15 and 20 hours
between 20 and 25 hours
between 25 and 30 hours
more than 30 hours

Q93 Did you take any business trips by plane during the past year?

No, I did not.
Yes, 1-2
Yes, 3—4
Yes, 5 or more

Q94 In what type of house do you live?

1 Single-family house

2 Farmhouse

3: Semi-detached or terraced home

4: Flat in block with up to 10 dwellings

5: Flat in block with more than 10 dwellings
6 Other

Q95 How much indoor living space does your household have?

30 m? or less (223 sqft or less)

31-50 m? (224-538 sqft)

51-70 m? (539-753 sqft)

71-90 m? (754-969 sqft)

91-110 m? (970-1184 sqft)

111-130 m? (1185-1399 sqft)

131-150 m? (1400-1615 sqft)

151-170 m? (1616-1830 sqft)

171-190 m? (1831-2045 sqft)

more than 190 m? (more than 2045 sqft)

0N @Ry T

—_
e
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11: I don’t know

Q96 How is your home primarily heated?

Central heating (in the house) for the whole dwelling

District heating (heat provided to several or many houses by a larger heating plant)
One or more standalone stoves

One or more standalone electric heaters

I don’t know

Q97 Do you know what your primary heating fuel is?

Coal

Gas

Oil

Wood

Electricity

Heat Pump-Geothermals
Heat Pump-Air
Solarthermals

Other

I don’t know

—_
<

Q98 What do you think about your preferred room temperature setting compared to other people you
know in your country?

much cooler
slightly cooler
about average
slightly warmer
much warmer

I don’t know

Q99 How often do you use air condition at home during the summer?

I do not have an air condition
almost never
rarely

1

2

3

4: sometimes
5 regularly
6

often

Q100 When was the house in which you live built? Your best estimate will be fine.

1900 and before
1901-1920
1921-1940
1941-1960
1961-1980
1981-2000
After 2000

I don’t know

Q101 Have energy efficiency renovations been made to your dwelling? (Select all that apply)
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No

Outside-walls insulation
Roof insulation

Cellar ceiling insulation
Windows retrofitted

Top floor ceiling insulation

I don’t know

Q102 How often do you disconnect electric appliances from the power supply when you are currently
not using them? (Specifically TV, PC, Notebook, DVD-Player etc.)

1: never

2: rarely

3: occasionally
4: often

5: always

Q103 What proportion of your light bulbs at home are energy saving varieties (e.g. LED, compact
fluorescent, etc.)?

1 zero or only a few
2: several

3: most (around 75%)
4 all (100%)

5 I don’t know

Q104 Do you purchase your electricity from a provider with a particularly high share of renewable
energy production?

1: No
2: Yes
3: I don’t know

Q105 How many warm meals do you personally eat per week?

0-1

2-5

6-9

10-13

14 or more

Q106 Please choose the answer that best describes your diet.

1 Meat in most meals
2 Meat in some meals
3: Meat very rarely

4: No meat, but fish

5: Vegetarian

6 Vegan

Q107 How is hot water provided in your home?

1: Electric
2: Solar-thermal
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Oil

Gas

District heating
Geo-thermal
Other

I don’t know

Q108 Do you have a bathtub?

1: Yes
2: No

Q109 What do you choose more often?

1: taking a bath
2: taking a shower
3: use both equally

Q110 Please choose the answer that best fits your most common hobbies and leisure activities.

Very little equipment and infrastructure needed (e.g. playing board games, reading, ... )
Little equipment and infrastructure needed (e.g. playing music, hiking, cycling ... )
Moderate amount of equipment and infrastructure (e.g., computer games, photography;, ... )
More equipment and infrastructure needed (e.g., skiing, team sports, ... )

A lot of equipment and infrastructure needed (e.g., motorsports, heli-skiing, ... )
Q111 Please choose the answer that best describes your preferences in fashion.
Modest

Long use, also second hand
About average

New clothes quite often
5: Highly fashionable, always the latest style

Q112 Please choose the answer that best fits your preferences in purchasing electronics (PC, Notebook,
Tablet, Smartphone, TV, Hi-Fi Equipment)

I do not need most of it
Long use, replace only if broken
About average

New equipment regularly
5: I'like to always have the latest technology

Q113 Please choose the answer that best describes your private usage of electronics. (PC, Notebook,
Tablet, Smartphone, TV, Hi-Fi Equipment)

I use electronics very little

I use electronics less than most others
I use electronics about average

I use electronics quite intensively

I use electronics very intensively.
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