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By retroﬁtting their homes to meet stricter energy efﬁciency standards, private homeowners can reduce
home energy use signiﬁcantly, thus taking a signiﬁcant step towards achieving a low carbon lifestyle.
Although the adoption of low and zero carbon (LZC) technologies can play a key role in achieving
signiﬁcant reductions of CO2 emissions, current practices are rather disappointing. In Germany, for
example, homeowners are moving very slowly when it comes to achieving signiﬁcant reductions in
personal energy use and carbon emissions. In many cases, the maintenance and repair activities being
undertaken are those resulting in only subtle improvements in energy efﬁciency and far less than what
would appear to be technically viable. With this in mind, we present the results from a standardized
empirical survey of 1000 homeowners in Germany that focuses on homeowner maintenance and
refurbishment decision-making. A comparison of homeowners applying LZC technologies vs. those
carrying out standard refurbishment measures allows us to consider homeowner objectives and barriers
to energy-efﬁcient refurbishment and examine the critical role that the dissemination of information and
transfer of knowledge play in achieving energy-efﬁcient refurbishment measures. We further discuss the
ways that stakeholder collaboration can improve energy efﬁciency knowledge transfers and enhance the
willingness of private homeowners to adopt LZC technologies.
Ó 2012 Elsevier Ltd. All rights reserved.
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1. Introduction
The provision of heating and hot water in private households is
still responsible for more than 40% of the total energy consumption
and greenhouse gas (GHG) emissions in Europe (Lechtenböhmer
and Schüring, 2011). Residential building stock is the biggest
factor, responsible for an EU-wide average of 30% of total ﬁnal
energy consumption (Itard et al., 2008), with detached and semidetached housing offering the greatest potential for reductions in
energy use (Weib and Dunkelberg, 2010). By adopting low and zero
carbon (LZC) technologies such as loft insulation, high-efﬁciency
condensing boilers, or renewable heating systems, homeowners
can signiﬁcantly reduce energy demand and related GHG emissions. Recent estimates suggest that an 80% reduction in energy
consumption is possible for buildings in Europe (Lechtenböhmer
and Schüring, 2011).
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During the past decade many EU countries have launched
political initiatives to tap this potential and improve home energy
efﬁciency. In 2002 the Energy Performance of Buildings Directive
(EPBD) established the political framework for the EU countries’
national policies on energy efﬁciency. In 2010 the directive was
relaunched and the German government adopted an energy efﬁciency program with the ambitious goal of an 80% reduction in
primary energy demand (PED) in its building stock by 2050 (BMWI
and BMU, 2010). The measures to increase energy efﬁciency in
Germany are codiﬁed in the Energy Conservation Act (Energieeinsparverordnung; EnEV) and the Renewable Energies Heating
Act (Erneuerbare-Energien-Wärmegesetz; EEWärmeG). In addition
to these two regulatory instruments, ﬁnancial incentives and
subsidies provided by the German state-owned development bank
the KfW Group are intended to further encourage homeowners to
implement energy-efﬁcient refurbishment measures.
Despite these efforts, roughly 80% of the housing stock in
Germany still is found lacking with respect to state-of-the-art
technology, and energy efﬁciency improvements are increasing at
a very slow pace. The annual rate of energy efﬁcient refurbishment
in the entire building stock has only gradually increased, from 1.6%
in 1994 to 2.2% in 2006 (BMVBS, 2007), and growth in the annual
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rate for detached and semi-detached homes is even weaker (Weib
and Dunkelberg, 2010). Projections show that if these rates
continue unchanged, complete facade insulation of the entire
building stock will not be achieved until roughly the end of the
century (Weib et al., 2012; Weib and Dunkelberg, 2010).
With this background in mind, we examine the driving forces,
motivational factors, and barriers that inﬂuence the adoption of LZC
technologies among private homeowners in Germany. Our guiding
assumption is that the decision to undertake an energy-efﬁcient
refurbishment emerges from a complex interplay of sociocultural, economic and contextual factors (Stieb et al., 2009;
Zundel and Stieb, 2011); such a decision furthermore requires
specialized information and technical knowledge (cf. Coltrane et al.,
1986; Mahapatra et al., 2011), which obligates homeowners to
interact with various professionals in order to gather, select and
evaluate information about the installation, use and potential
impacts of innovative LZC technologies.
By drawing on an empirical survey of 1008 homeowners who
retroﬁtted their homes, it is possible to examine how expectations
and attitudes towards refurbishment and technology can promote
or hamper energy efﬁcient refurbishment. Particular emphasis is
given to the means by which homeowners deal with the need for
expert knowledge to overcome uncertainties related to such
measures.
2. Conceptual framework
The installation of LZC technologies can improve a building’s
energy performance and transform the daily energy use options of
its occupants. Such technical interventions have to be carefully
planned given the substantial investments required and the
necessary planning horizon of years or even decades. Unlike
routine energy use practices, the implementation of such measures
is the result of purposeful planning and strategic long-term decisions concerning energy consumption e decisions that are made
only a few times in a person’s life.
Social scientists stress that the adoption of LZC technologies is
not guided by economic considerations alone, but is socially
embedded in and shaped by personal and contextual aspects;
socioeconomic factors such as age, education and income are often
found to inﬂuence our decisions about energy conservation
measures (Scott, 1997; Martinsson et al., 2011; Herring et al., 2007).
Based on a brief review of recent studies, Nair et al. (2010a,b)
identify a speciﬁc set of personal and contextual factors that may
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inﬂuence the adoption of energy efﬁciency measures. The relevant
personal factors include in particular education, income, age, and
gender, as well as attitudes towards energy saving and awareness of
energy efﬁciency measures. Building age, thermal comfort,
perceived energy costs and past investment form important
contextual factors (Nair et al., 2010a). Drawing on approaches from
cultural sociology and technology studies, other authors argue that
the perception and acceptance of energy-efﬁciency measures is
socio-technically constructed. Gram-Hanssen et al. (2007)
demonstrated that socio-cultural factors shaping consumption
practices in everyday life, such as comfort and convenience,
aesthetics, fashion or an interest in new products, may also play an
important role for the adoption or rejection of LZC technologies.
They thus argue that the inﬂuence of housing practices and related
attitudes towards the home, its maintenance, upkeep, and
improvement must be taken more closely into consideration.
Fig. 1 shows a refurbishment decision model that was developed
as a conceptual framework for the empirical survey (Stieb et al.,
2009). The model includes personal factors in the form of sociodemographic situation (age, education), and resources (income,
assets and technical skills e resources II); it gives particular
emphasis to attitudes towards energy efﬁciency, refurbishment,
housing and life-styles.
Contextual factors are another important aspect of the model.
In addition to the age and the technical condition of a building, the
model accounts for particular situations or “occasions”. Such
situations are associated with a building’s condition, but at the
same time are linked to an activity of the homeowner; for example,
the decision to carry out a larger refurbishment may be more
probable in a situation where a homeowner has to replace defective technical equipment or appliances or refurbish worn or
damaged parts of a building. In such situations the installation of
LZC technologies is more feasible given that only the so-called
additional costs need be compensated by energy cost savings
within the customary refurbishment cycle. In the example of
facade insulation, homeowners refurbishing a building exterior
have to pay for expenses such as scaffolding and painting no
matter what; thus only the materials and labour expenses directly
related to insulation measures lead to additional costs (Weib et al.,
2012). Against this background, the adoption of LZC technologies
presumably occurs more often when a building component
reaches the end of its refurbishment cycle. Another relevant
occasion might be at the time of change of ownership given that
new owners are more likely to invest in modernization measures.

Fig. 1. Model of the refurbishment decision (adapted from Stieb et al., 2009).
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Access to information is also an important factor in the model
within the wider decision-making context. Refurbishment is
a complex activity requiring specialized information and skills
(Resources I). Homeowners are not usually trained in construction
and technology and thus must ﬁnd ways to cope with the need for
expert knowledge. While this is true for all refurbishment activities
in general, Nair et al. (2010b) argue that an appropriation of expert
knowledge is particularly important in the context of LZC technologies. The adoption of LZC technologies, they suggest, should be
viewed as an innovation process consisting of several stages: First,
homeowners must recognize the need for innovation; second, they
have to collect information about the possible choices; and third,
they have to select the most appropriate innovation based on an
evaluation of the alternatives. Homeowners who want to make
energy efﬁciency improvements during refurbishment face
a complex set of questions concerning performance of the various
technical options, reliability, beneﬁts and risks, and compatibility
with existing electrical and plumbing systems. Communication and
transfer of knowledge from external sources is thus a crucial
prerequisite for the successful adoption of LZC technologies.
There exists a broad debate in the social sciences on the diffusion of knowledge about energy efﬁciency, the essence being that
information is not simply passed on from the expert to the user, but
rather needs to be contextualized and socially embedded (Guy and
Shove, 2007). In this process, expert knowledge has to be actively
translated, evaluated against the views and opinions of other
experts and laypersons, and adapted to the context of everyday life
(Bartiaux, 2008; Desmedt et al., 2009). This requires that the expert
knowledge be considered trustworthy and consistent with the view
of other persons in the homeowner’s social network (Coltrane et al.,
1986; Gram Hansen et al., 2007; Hobson, 2003). From this
perspective, one could presume that homeowners adopting LZC
technologies are relying on information sources different from
those chosen by homeowners undertaking conventional refurbishment measures.
Finally, legal regulations are another contextual factor in the
refurbishment decision; this factor, however, has only limited
importance for the scope of this study, as most regulations specifically address new construction and only a few requirements are
applicable to the refurbishment of existing buildings (Weib et al.,
2012).
Based on this model and an exploratory survey, we formulated
several hypotheses concerning personal and contextual factors:
1. The potential adoption of LZC technologies is the result of an
alliance of economic and non-economic considerations and
motivations.
2. Adoption of LZC technologies is more likely at the time of
change of ownership.
3. Investments in LZC occur more frequently in conjunction with
the replacement of broken, defective or worn components and
are thus closely linked to the life or refurbishment cycle of
technical devices and building components.
4. Consultation with an energy advisor leads to an investment in
more energy-efﬁcient measures and qualitatively more ambitious measures.
5. Homeowners often believe that their home’s energy performance is better than it actually is; a lack of accurate information about actual energy performance is thus an obstacle to LZC
investment.

inﬂuencing the decisions of private homeowners with regard to
energy-efﬁcient refurbishments (Stieb et al., 2010).
As the ﬁrst step, an exploratory, largely qualitative, in-depth
study of 44 homeowners was conducted. The study included
homeowners who had adopted LZC technologies as well as those
who had carried out standard refurbishments (no speciﬁc emphasis
on energy efﬁciency). The main goals of this explorative study were
to identify the main objectives and barriers regarding energy efﬁcient refurbishment, reﬁne the conceptual model, and develop
hypotheses on the adoption of LZC technologies (Stieb et al., 2009);
the results led to the set of hypotheses presented in the preceding
chapter.
In a second step, an empirical survey of 1008 owners of single
and semi-detached homes in Germany was conducted. The sample
included homeowners who had renovated or modernised some or
all of the exterior structural envelope (walls, roof, or windows) or
the heating system in the period 2005e2008. The sample consisted
of two groups:
 STANDARD group: Homeowners who conducted a standard
refurbishment using technology meeting relatively low efﬁciency standards (e.g. painting the facade, installing a low
temperature boiler or conventional double-glazed windows).
 ENERGY group: Homeowners who carried out energy-efﬁcient
refurbishment measures using LZC technologies having a high
energy efﬁciency potential or utilising renewable energies
(facade insulation, roof insulation, basement ceiling insulation,
triple-glazed windows, installation of wood pellet or wood
chip heating systems, solar heating collectors, heat pumps,
condensing boilers, insulation of heating pipes).
Classiﬁcation into these two groups was based on the outcome
of the refurbishment decision and does not necessarily reﬂect the
respondents’ intentions or objectives.
The survey was conducted using computer-aided personal
interviews (CAPI) in spring 2009. Potential participants were
chosen from a random selection of homeowners in Germany and
contacted by phone using a brief screening questionnaire asking
whether they had retroﬁtted their home in the past four years and
what kind of measures had been applied. Homeowners who had
carried out conventional measures were assigned to the standard
refurbishment subset; those who had carried out at least one
measure meeting at least one of the predeﬁned criteria for energyefﬁciency effectiveness were assigned to the energy-efﬁcient
subset. The sampling protocol called for the two subsets to be
equally represented; the ﬁnal sample thus contained 541 homeowners having done energy-efﬁcient refurbishment and 467
homeowners standard refurbishment.
The questionnaire included a comprehensive set of questions
regarding technical aspects of each building’s condition and the
measures undertaken; this allowed us to calculate the pre- and
post-refurbishment energy standard for each residential structure
using a freely available spread sheet tool (‘Kurzverfahren Energieproﬁl’, KVEP) developed by the German Institut für Wohnen und
Umwelt (IWU, 2006). The calculations are based on the guidelines
of the German Energy Conservation Regulations (EnEV), and the
spread sheet includes typical default thermal transmittance values
for building components of various materials and years of
construction.
4. Results

3. Data and methodology
Our paper is based on an empirical survey of homeowners of
single and semi-detached homes that explores the key factors

In this paper we will focus on the results from the descriptive
statistical analysis, comparing the ENERGY and the STANDARD
groups. The two groups share a similar socio-demographic
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structure and income levels; however, they differ considerably
regarding their attitudes and refurbishment objectives and access
to information.
4.1. Refurbishment situation and objectives
With respect to personal factors, homeowners’ attitudes
towards refurbishment are clearly shaped by a number of motives
and/or objectives (see Table 1), and the two groups differ in the
reasons they give for their decision to refurbish. STANDARD group
members are mainly driven by aesthetic or functional concerns,
their goals being to embellish their home, do necessary maintenance work, or maintain or increase the value of their home. The
small range of objectives suggests that many homeowners in this
group see refurbishment from a pragmatic or functional point of
view: retroﬁtting is done as required to maintain a functional
home.
Members of the ENERGY group, in contrast, show another, more
comprehensive, set of motives for refurbishment. The most
important motives and objectives stated by the ENERGY group are
to save heating energy and reduce energy and operating costs.
Improvement of indoor climate is a strong motive for refurbishment in both groups, but it is particularly important for the ENERGY
group. Other motives and goals stated more frequently in the
ENERGY group are a wish to contribute to climate protection or to
become less dependent on fossil fuels. Interest in the newest
technology turns out to play a vital role for energy-efﬁcient refurbishment given that there is a huge difference between the two
groups in terms of interest in technology. The majority of the
ENERGY group (77%) stated that they strongly or somewhat agree
with the motive to “install up-to-date technology in their homes”
compared to only 28% of the STANDARD group.
These ﬁndings conﬁrm Hypothesis 1 that the adoption of LZC
technologies is not driven by economic concerns alone, but results
from an alliance of economic and non-economic motives and
Table 1
Objectives of homeowners with energy-efﬁcient vs. standard refurbishments
(adapted from Zundel and Stieb, 2011).
“A house can mean various things to its owners and this often inﬂuences our
plans for the future. Which statements apply to you?”
Scale with four values: strongly agree (1), agree somewhat (2), disagree
somewhat (3), strongly disagree (4)
Energy-efﬁcient refurbishment: n ¼ 541; standard refurbishment: n ¼ 467
Mean

Embellish the home
Save heating energy
Reduce energy costs as far as
possible in the long run
Reduce operating costs
Create a better and more
comfortable indoor climate
Maintain the home’s value
Increase the home’s value
Install up-to-date technology
Make a contribution to climate
protection
Become less dependent on
fossil fuels
Perform necessary maintenance
Replace a defect or broken building
component
Respond quickly to a problem
or defect
Remedy a structural defect
Create more living space in the house
*Signiﬁcant at 5% level.

t-Test

ENERGY

STANDARD

Sig.

2.50
1.62
1.69

1.80
3.14
3.17

.000*
.000*
.000*

1.81
2.08

3.16
2.63

.000*
.000*

2.07
2.09
2.04
2.27

2.42
2.39
3.14
3.44

.000*
.000*
.000*
.000*

2.69

3.54

.000*

2.19
2.60

2.34
2.82

.037*
.003

2.78

2.85

.294

3.03
3.22

3.00
3.17

.692
.490
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objectives. Obviously, the desire to consume less energy and to
reduce energy costs is a key driver for energy-efﬁcient refurbishment. But homeowners’ refurbishment decisions are shaped by
a rationality differing from that of conventional investment calculations. The majority of homeowners do not expect an immediate
return on investment; they associate the economic beneﬁts of LZC
technologies with a medium or long-term perspective and a desire
to become more independent from the vicissitudes of ﬂuctuating
energy markets (Zundel and Stieb, 2011). But these gains have to be
in line with other non-economic beneﬁts such as an increase in
(thermal) living comfort, the adoption of advanced and/or prestigious technology, or support of a low-carbon lifestyle.
The close association between refurbishment and change of
ownership is supported by the empirical ﬁndings. Table 2 shows
that more than 40% of the homeowners in the ENERGY and the
STANDARD groups acquired their home in the year 2000 or after.
The associated refurbishment activities were carried out between
2005 and 2008, thus demonstrating a relatively close connection
between acquisition and refurbishment for these respondents.
There was, however, no indication of a correspondence between
the timing of these two events and one or the other of the two
subset groups. A considerable proportion of the homeowners who
retroﬁtted their relatively newly acquired homes did not improve
energy performance signiﬁcantly (see Table 1); Hypothesis 2 can
thus only be partially conﬁrmed.
Maintenance and more substantial renovation projects represent particularly suitable opportunities for installing LZC technologies; approx. two-thirds of the homeowners agreed strongly
or somewhat that refurbishment was carried out because of
necessary maintenance work (Table 1); only slight differences,
however, could be found between the two homeowner groups.
This ﬁnding supports Hypothesis 3, that the implementation of
LZC technologies is likely to occur in the course of replacing
broken, defective or worn components and that it is linked to the
life cycle of the building’s technical components. But major
retroﬁts are nonetheless frequently carried out without substantial improvements in energy efﬁciency, and many homeowners
thus miss this opportunity for feasible energy efﬁcient
refurbishment.
4.2. Information sources used for refurbishment
Members of the ENERGY group used a broader range of information sources and informed themselves more comprehensively
than the STANDARD group, but in both groups the information
sources ranged widely (see Table 3).
Both groups consulted experts for advice on refurbishment;
however, they chose different professionals for their information.
Tradesmen and building centres are the only experts that are more
often consulted by STANDARD group members than by ENERGY
group members. The ENERGY group more often turned to
a broader range of specialists instead, including heating installers,

Table 2
Date of home acquisition of homeowners with standard vs. energy-efﬁcient refurbishments (adapted from Stieb et al., 2010: 29).
“What year did you acquire the house?”
Energy-efﬁcient refurbishment: n ¼ 541; standard refurbishment: n ¼ 467
Percentage

1979 and before
1980e1989
1990e1999
2000e2008

ENERGY

STANDARD

5
15
33
47

6
15
35
44
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Table 3
Sources of information for refurbishment (adapted from Stieb et al., 2010, p. 38).
“There are many different sources of information and ways to get advice on
refurbishment. Which information sources did you use?”
Energy-efﬁcient refurbishment: n ¼ 541; standard refurbishment: n ¼ 467
Percentage

Tradesman/craftsman (other than heating installer)
Colleagues and/or friends
Family and/or relatives
Building centre/home-improvement market
Internet
Heating installer
Leaﬂets, guidebooks or other literature
Chimney sweeper
Journals/periodicals
Manufacturer
Architect
On-site energy assessment by energy advisor
Energy advice from municipality
Energy advice from consumer advice centre
Energy advice on telephone

ENERGY

STANDARD

71
59
51
39
49
52
38
34
31
27
24
22
14
11
9

81
55
42
45
32
17
24
20
18
15
13
3
2
3
2

chimney sweeps, architects, and manufacturers. The ENERGY
group was also more likely to draw on the Internet, handbooks,
and journals as sources of information on refurbishment; they also
were more likely to seek professional energy advice. This is in line
with Nair et al. (2010a), who identiﬁed material suppliers and
energy advisors as the most important external information
sources in making a decision to proceed with energy efﬁciency
measures.
The fact that homeowners in the STANDARD group consulted
fewer sources of information than the ENERGY group members can
be seen as an outcome of the large investment costs associated with
an energy-efﬁcient refurbishment. The decision to reduce heating
costs and save energy opens up a number of options, most which
require a substantial ﬁnancial investment. This is conﬁrmed by Nair
et al. (2010a), who note that investment-intensive decisions, in
particular, lead to a greater search for external information sources;
thus the ENERGY group’s greater demand for information resources
is not surprising.
In both groups the homeowners’ own social network plays
a vital role in obtaining information on refurbishment. Colleagues,
friends, relatives and neighbours are important sources of information for both groups. Unlike professional experts or companies,
these persons are viewed as impartial sources of information
having no ﬁnancial self-interest and are thus regarded as more
trustworthy. Coltrane et al. (1986) found that the credibility of
information sources as a function of trustworthiness and expertise
was an important factor for the success of energy conservation
programs. The trustworthiness of an information source, however,
does not guarantee an increase in energy efﬁciency; as our results
indicate, many discussions with neighbours or relatives only lead to
a STANDARD level of renovation. It is therefore important to
generate community awareness about the importance and usefulness of energy conservation. The process of learning begins with
individuals seeking to increase their tacit knowledge e their own
level of familiarity with the subject; this involves the acquisition of
information from the mass media, friends, neighbours and energy
suppliers (Darby, 2006). In this process, there is a vivid exchange of
knowledge between multiple and heterogeneous sources and
actors, including experts as well as members of one’s own social
network. Energy agencies can support this learning process by
fostering interaction between early adopters of LZC technologies
and other homeowners in social networks or through local neighbourhood initiatives.

4.3. Barriers to a comprehensive energy-efﬁcient refurbishment
An analysis of the barriers facing homeowners who are
considering energy efﬁciency improvements underlines the crucial
importance of communication to the successful adoption of LZC
technologies. Homeowners give various reasons for not carrying
out a comprehensive energy-efﬁcient retroﬁt (see Table 4), and
although signiﬁcant differences regarding speciﬁc barriers are
found between the two groups, both show a similar tendency with
respect to perceived barriers.
The main barriers to the adoption of LZC technologies in both
groups were related to a lack of personal involvement in the issue
and/or economic reasons. Furthermore, 62% of the STANDARD and
60% of the ENERGY group agreed either fully or somewhat that
their home already was in good condition and that there was no
reason for further energy-efﬁcient refurbishment measures. This
ﬁnding is in line with results of Nair et al. (2010a), who found that
the majority of Swedish homeowners were satisﬁed with the
existing thermal performance. Section 4.5 deals with the question
of how closely (or not) this view corresponds to actual performance values.
The unwillingness to borrow money was the main barrier for
both groups, but was particularly important to the STANDARD
group, with agreement from roughly two-thirds of the respondents. A lack of ﬁnancial resources for an energy efﬁcient refurbishment was cited by roughly half of the respondents. Given that
those measures with the highest energy-saving potential (renewable-energy heating systems and thermal insulation) are associated
with substantial investment costs (see Weib et al., 2012), the lack of
ﬁnancial resources and the unwillingness to take out a loan present
serious hindrances to achieving high energy efﬁciency levels. The
substantial upfront costs of conservation measures and a lack of
access to ﬁnancial means were also identiﬁed as important barriers
in Levine et al. (2007) and Huber et al. (2011).
Uncertainty as to whether investments in LZC technologies will
pay off or have the desired impact is another reason homeowners
shrink back from energy efﬁcient refurbishment. Although most
of such measures are economically viable when carried out within
the customary refurbishment cycle (Weib et al., 2012), many
homeowners stated that they were uncertain about whether
Table 4
Main barriers to energy-efﬁcient refurbishment e homeowners having undertaken
energy-efﬁcient vs. standard refurbishments (adapted from Zundel and Stieb, 2011).
“There are various reasons for not undertaking an energy-efﬁcient refurbishment.
Which of these statements apply to you?”
Scale with four values: strongly agree (1), agree somewhat (2), disagree
somewhat (3), strongly disagree (4)
Energy-efﬁcient refurbishment: n ¼ 541; standard refurbishment: n ¼ 467
Mean

I am unwilling to take out a (further) loan
My home is in a good condition, and does
not need further refurbishment
I am not interested in doing more upkeep
than necessary
I am not sure whether the investment
will pay off
No time to deal with the topic
I worry that this would entail too much
dirt or stress
I lack the necessary ﬁnancial resources
The credit line for the house is exhausted
The technology is not yet fully developed
I worry about damage to the structure
(e.g. mildew)
*Signiﬁcant at 5% level.

t-Test

ENERGY

STANDARD

Sig.

2.25
2.31

2.07
2.36

.003*
.343

2.57

2.26

.000*

2.66

2.33

.000*

2.70
2.72

2.50
2.50

.002*
.001*

2.64
2.84
3.23
3.46

2.53
2.93
3.28
3.33

.077
.170
.348
.013*
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refurbishment measures will be proﬁtable, with homeowners in
the STANDARD group being more likely to agree with the statement “I am not sure whether the investment will pay off”. Anxieties about the difﬁculties of installation (the mess, the added
stress, potential for things to go wrong) may also lead homeowners to avoid LZC technologies. Members of the STANDARD
group, in particular, expressed concern that energy-efﬁcient
refurbishment would bring too much “mess and stress” into
their lives.
4.4. Energy advice and the adoption of LZC technologies
Professional advice plays a vital role in the decision process in
the run up to refurbishment. The survey’s results indicate that the
STANDARD group and the ENERGY group show differing attitudes
towards professional advice Table 5. Members of the STANDARD
group more often stated that they were familiar with refurbishing
and therefore did not need any professional advice; mistrust of
such professionals is also more common in the STANDARD group. A
majority in both groups disagreed somewhat or strongly with the
statement that professional advice is not needed as it is available
from personal contacts and acquaintances. This is remarkable as
many homeowners asserted that they relied on discussions with
family, friends, or colleagues as a source of information on refurbishment. Consulting those from one’s own social environment
thus contributes another perspective, but does not seem to replace
the need for professional advice.
Homeowners in the ENERGY group made more frequent use of
professional energy-efﬁciency advice or assessments than those in
the STANDARD group (24% vs. 7%), but the overall low ﬁgure is an
indicator that many homeowners are not aware of such services.
According to Mahapatra et al. (2011), 43% of Swedish energy efﬁciency consultants believed that less than 50% of the homeowners
were aware of such services.
In Germany, homeowners can choose from a broad range of
energy assessment options and professional consulting services
offered by various suppliers. Energy assessments are available from
consumer advice centres, local municipalities, and energy suppliers
and in numerous forms, with varying types of interaction between
users and experts. Advisory services can be provided in person, on
site, via the Internet or even on the telephone. Services provided via
telephone are usually free of charge, while on-site offers are
generally provided for a fee. One of the most comprehensive energy

Table 5
Attitudes towards professional advice e homeowners with standard vs. energyefﬁcient refurbishment adapted from Stieb et al., (2010).
“Attitudes towards professional advice on home refurbishment vary. Which
statements apply to you?”
Scale with four values: strongly agree (1), agree somewhat (2), disagree
somewhat (3), strongly disagree (4)
Energy-efﬁcient refurbishment: n ¼ 541; standard refurbishment: n ¼ 467
Mean

I do not need paid professional advice as
I am familiar with refurbishing.
I always seek professional advice so as to
avoid mistakes.
If I plan to carry out any refurbishments,
I will ask for professional advice.
I can always get advice from friends and
other people I know; I do not need
professional advice.
I do not trust professional consultants.
*Signiﬁcant at 5% level.

t-Test

ENERGY

STANDARD

Sig.

2.84

2.65

.001*

1.93

2.28

.000*

2.06

2.37

.000*

2.73

2.70

.521

3.12

3.01

.035*
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assessments in Germany is the so-called “BAfA-Vor-Ort-Beratung”,
a standardized on-site assessment. The German government offers
a roughly V300 subsidy for the service, but homeowners have to
pay the remaining V300e400 themselves. After calculation of
a building’s energy performance using certiﬁed computer software,
consultants recommend speciﬁc measures as well as a general
package of energy-efﬁcient refurbishment measures (BAfA, 2009).
Homeowners seem to prefer services that are provided on-site.
More than half of the homeowners asking for an energy consultation used this type of assessment. A broad and detailed on-site
assessment is particularly appreciated by homeowners carrying
out comprehensive refurbishment measures. The share of homeowners using this type of assessment increases with the size of the
investment and the building’s age; thus it is greatest among
homeowners with an investment sum of more than V50,000 and
a pre-1948 building structure. The average number of implemented
measures also differs signiﬁcantly between those utilising energy
advisors and those not (2.4 vs. 1.2, 5% signiﬁcance level). Homeowners relying on energy advisors are in particular more likely to
invest in insulation, replacement windows, condensing boilers, and
renewable energies (see Table 6). Still, in both groups only a few
homeowners have implemented renewable energy technologies
such as heat pumps and solar collectors. An extensive database of
more than 7500 houses representing residential building stock in
Germany also showed that only 9% of the residential buildings had
a solar collector in 2010; in 3% biomass was the main energy source,
and in 2% heat pumps were used (Diefenbach et al., 2010). High
investment costs are probably the main obstacle to widespread use
of renewable energies: a high efﬁciency boiler, for example,
currently entails roughly V6000; for a heat pump system,
procurement and installation costs of V17e25 thousand must be
anticipated (cf. Weib et al., 2012).
A majority of homeowners who contacted an energy expert
appreciated the relevance of such services; 49% considered the
energy advice to be very important and 40% important for the
decision-making process; 25% indicated that they modiﬁed their
original refurbishment plans as a result of the energy assessment
or advice received and 18% implemented additional energy-saving
measures. There are several reasons for these relatively low
ﬁgures. Many homeowners planning a comprehensive refurbishment utilising innovative LZC technologies may only be consulting
an independent energy expert for the purpose of avoiding potential mistakes. Or a consultation with an energy expert may be

Table 6
Implemented refurbishment measures e homeowners with vs. without using
energy advices.
No energy advisor: n ¼ 768; with energy advisor: n ¼ 240
Percentage

Painting and mending facade
Replacement door
Replacement windows
Installation of low temperature
boiler (gas/oil)
Installation of condensing
boiler (gas/oil)
Installation of biomass heating
system
Installation of heat pump
Installation of solar collector
Heating pipe isolation
Insulation of facade wall
Insulation of roof or upper ceiling
Insulation of basement ceiling

No energy
advisory services

With energy
advisory services

43
23
36
6

27
18
57
8

16

28

2

10

2
1
6
8
8
4

6
15
17
30
23
12
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required as a condition of the energy efﬁciency funding or loan
agreement e funding from the KfW Bank Group, for instance, is
linked to an obligatory BAfA on-site consultation.
Hypothesis 4 is thus corroborated by the ﬁndings. The scope of
the positive effect of energy advising services overall, however, is
rather limited given that their use is restricted to those already
determined to improve the energetic performance of their homes.
The majority of homeowners in the STANDARD group will probably
not actively seek out professional energy advice.
4.5. Energy performance before and after refurbishing
Pre- and post-refurbishment primary energy demand (PED) was
calculated based on the empirical data from the survey. Before
refurbishment the mean PED in the sample was 281 kWh m2 a1.
Following refurbishment it dropped to 231 kWh m2 a1. Prior to
retroﬁtting, the STANDARD group showed a lower mean PED than
the ENERGY group; after refurbishment this was reversed (see
Table 7); both differences are statistically signiﬁcant at the 5% level.
Buildings of homeowners who used energy assessments or advisors also showed a higher PED before retroﬁtting compared to
those not utilising such services. Since a small number of STANDARD group members did rely on an energy advisor (n ¼ 33), not all
differences are statistically signiﬁcant.
Refurbishments in the STANDARD group led to small energy
reductions, averaging only 6%; in the ENERGY group an average
reduction of 22% was realized. Insulation of facade walls, roof
insulation, and deployment of renewable energy heating systems
were in particular responsible for large reductions in the PED
(Weib et al., 2012). Still, the reduction in the ENERGY group is
low compared to the estimate of 80% potential energy savings in
the residential building stock (Lechtenböhmer and Schüring,
2011).
A reason for the relatively small reduction in PED is that even
homeowners in the ENERGY group rarely carried out comprehensive energy-efﬁcient refurbishments; less than 25% implemented
more than two such measures in the period 2005 to 2008. These
results suggest that in both groups potential energy savings remain
untapped. Similar results can be found when comparing those
relying on energy consultants to those not (Table 7): Those who
consulted an energy advisor achieved greater energy savings e
whereby greater energy savings are linked to both larger prerefurbishment PEDs as well as larger numbers of LZC measures
(see Table 6). Comprehensive energy-efﬁcient refurbishment,
however, remains the exception.
Given that informed homeowners e those knowledgeable about
the true state of their building’s structure and thermal condition e
are more likely to undertake energy-efﬁcient refurbishments than
those not, accurate information about a building’s energy performance is a crucial prerequisite for the adoption of LZC (cf. Nair et al.,
2010a). As shown in Section 4.3, many homeowners considered

their homes to be in good condition after refurbishment and
therefore planned no (further) energy efﬁcient refurbishment. The
data in our survey show a correlation between homeowner statements about a building’s energy performance and the actual PED
(see Fig. 2); however, one should keep in mind that the standard
deviation is quite high.
As shown in Table 7 and Fig. 2, buildings belonging to homeowners in the STANDARD group had a lower average PED before
refurbishment and a higher average PED after refurbishment than
did those of the ENERGY group, and only 13% of the structures in the
STANDARD group included at least one insulated component
(facade, roof, upper ceiling, or basement ceiling) after refurbishment. In the ENERGY group a considerably higher percentage of 50%
of all structures was insulated. In both groups the percentage of
insulated structures is slightly lower for those respondents who
fully disagreed that their home is in good condition.
These results allow two remarkable conclusions: Although they
do not have detailed information, many homeowners can assess
their home’s energy performance reasonably well. At the same time
it seems that members of the STANDARD group are more likely to
believe their home to be in good condition than members of the
ENERGY group, even though their structures exhibit higher energy
demands. The small proportion of insulated building components
in the STANDARD group indicates a large untapped potential for
additional energy savings e particularly in this group. Thus, in spite
of reasonable knowledge about a building’s energy performance,
homeowners, especially those in the STANDARD group probably
underestimate the current energy saving potentials. Hypothesis 5
(homeowners often misjudge their home’s energy performance;
lack of accurate information is thus an obstacle to LZC investments)
can therefore neither be veriﬁed nor falsiﬁed.
4.6. Recommendations for improving policy instruments
The ﬁndings presented in this paper prove that the refurbishment activities of homeowners in Germany are far below what is
needed to meet the German government’s ambitious goal of
reducing PED in the German building stock by 80%. Drawing on our
refurbishment decision model and the ﬁndings from the empirical
survey, it is possible to discuss some implications for improving
homeowner adoption of LZC technologies.
Starting with personal factors, we ﬁnd a broad array of attitudes
and motives supporting the adoption of LZC technologies, including
economic, ecological and technical concerns as well as the desire
for greater thermal comfort. These motives are widespread among
homeowners and our empirical data suggest that they are shared
by a majority of them. There is, however, a small contingent of

400
350

Mean PED (kWh m2 a1)
Pre-retroﬁt
STANDARD
As a whole
With energy advisor or assessment
No advising services
ENERGY
As a whole
With energy advisor or assessment
No advising services

Post-retroﬁt

268 (109)
322 (133)
263 (106)

252 (92)
272 (84)
249 (92)

294 (128)
305 (132)
287 (125)

214 (84)
200 (83)
223 (84)

[kWh m-2 a-1]

300
Table 7
Mean PED before and after retroﬁtting e STANDARD vs. ENERGY group (standard
deviation).

250

STANDARD before
2

R = 0,99
STANDARD after

200
150

2

ENERGY before

R = 0,98

100

ENERGY after

50
0
agree
completely

agree
simply

disagree
simply

disagree
completely

Fig. 2. PED before and after retroﬁtting linked to the statement: “My home is in good
condition, and does not need further refurbishment” e STANDARD vs. ENERGY group.
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homeowners who are not willing to improve the energy efﬁciency
of their homes and who will only be induced to act by applying
stricter legal standards to the existing building stock.
At the same time, our study shows the crucial importance of
contextual factors for the successful adoption of LZC technologies.
In particular, knowledge, both as expert knowledge about refurbishment measures and accurate information about the energy
performance of one’s own home are necessary decision-making
resources. As the empirical results show, homeowners have
a general idea of their buildings’ energy performance, but tend to
underestimate the potential for energy savings. Information and
feedback tools can support homeowners in gaining knowledge
about their own building’s energy performance and current energy
consumption. These instruments can motivate homeowners to
improve the energy performance of their homes and to modify
their energy consumption behaviour.
The impact of existing informative instruments such as energy
performance certiﬁcates (EPC) and interactive online tools,
however, is known to be very limited. In Germany such performance certiﬁcates are only mandatory for rental housing or change
of ownership; hence, they are not applicable to the majority of
homeowners, who live in single-family homes. Another reason for
the minimal impact of EPCs may be that homeowners often do not
trust such energy labels (Amecke, 2011; Gram-Hanssen et al., 2007;
Gram-Hanssen and Christensen, 2010). Interactive online tools for
residential energy-efﬁcient retroﬁts (e.g. “Heizcheck” and the
“Modernisierungsratgeber” in Germany) are a popular source of
information (Novikova et al., 2011), but the use of these tools seems
to be limited to those who are already conﬁrmed energy savers.
In stakeholder group discussions by Svenfelt et al. (2011) feedback tools such as energy meters and informative billing were
suggested by several stakeholders as innovative instruments that
help to modify homeowner behaviour and investment will
(Svenfelt et al., 2011). Detailed energy use billing statements,
providing information on electricity, heat, gas or oil demand, can
also function as a feedback tool (Henryson et al., 2000; Novikova
et al., 2011). With regard to homeowners the potential of such
measures, however, is limited to those relying on gas or district
heating (Novikova et al., 2011). More advanced energy meters like
those suggested by stakeholder group “residents” (Svenfelt et al.,
2011) could also be applied to other types of heating systems, but
even if such advanced instruments were broadly implemented,
they would only have a limited potential to overcome the main
barriers identiﬁed above. Feedback instruments provide information about actual energy consumption and thus offer a general
motivation to reduce energy demand; however, they do not
provide homeowners with useful advice as to how to do so.
Personalised communication has been found particularly
effective in conveying information about energy efﬁciency
measures to homeowners (Nair et a. 2010b; Bartiaux et al., 2006;
Coltrane et al., 1986), but it should be more consistently and
systematically linked to appropriate situations and opportunities
such as a change of ownership or replacement of defective parts,
when the adoption of LZC technologies is more likely. In each of
these situations homeowners usually are in contact with various
professionals; in the case of a sale or purchase this might include
bank employees, the registry of deeds, or an architectural ﬁrm. In
the case of renovation or repairs typical contact persons would
include tradesmen or building centre employees. Such key
personnel should be supplied with informational materials or tools
and trained to inform homeowners about opportunities to invest in
energy conservation or renewable energies, as well as legal
requirements. They should also receive training in communication
skills so that they are able to address the speciﬁc motivations for
and barriers against energy efﬁcient refurbishment.
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Although change of ownership represents a particularly suitable
occasion for energy-efﬁcient refurbishment, there are nonetheless
homeowners who do not even comply (unintentionally, perhaps)
with the minimum legally required measures, e.g. renovation of the
façade without insulation. Compliance with existing regulations (in
particular the EPBD) should thus be enhanced. Weib et al. (2012)
suggest adopting random audits in order to better utilise the
potential of existing law. At the same time, it is clear that the
communication between authorities and homeowners is insufﬁcient. The above-mentioned third-party agents such as registry
ofﬁce agents should therefore serve as an intermediary by
providing expert advice and emphasising the beneﬁts of timely
investments in LZC technology in speciﬁc situations.
In Germany, innovative social marketing campaigns have been
established at the regional level; they demonstrate how communication of energy efﬁciency can be targeted to speciﬁc refurbishment situations. One example is the campaign “Gut beraten starten”
(“a well-advised start”), prepared by the Climate Protection Agency
in the Hannover region, which involves the collaboration of energy
advisers, tradesmen, local mayors, and the local press. Once the
campaign has been announced by local media and in a letter from
the local mayor, energy agencies offer homeowners an initial
appraisal of their buildings’ energy performance. Evaluations show
that this type of campaign is a very successful and effective
communication tool (Stieb and Birzle-Harder, 2010).
Thus local energy agencies, climate centres, and consumer
organisations can play an important role in accelerating the
adoption of LZC technologies, but to do so they have to go beyond
their traditional roles of providing technical expertise (knowledge)
and information about legal requirements (regulation) and adopt
a new role, actively engaging with homeowners and serving as an
intermediary and multiplier for energy efﬁciency among stakeholders and the local public. As independent institutions, such local
agencies are well-suited to address speciﬁc situations through local
public relations work (occasions) and initiate networks among
suppliers, energy consultants, tradesmen, and building centres at
the local and regional level. From this perspective, energy agencies
have the potential to be important agents in fostering collaboration,
communication, and interaction between the various stakeholders,
much as Svenfelt et al. (2011) call for.
The actual and potential role of such innovative communicative
approaches and networks in the refurbishment process has to be
analysed and perhaps reﬁned with the help of further research. To
the extent that the success of these approaches can be conﬁrmed,
such measures should be broadly implemented and supported by
the authorities. A broader network similarly involving the various
stakeholders, but also including those involved in technical development as well as builders might additionally be necessary on
a national scale in order to develop an effective long-term plan for
achieving the stated goals (see Svenfelt et al., 2011).
5. Conclusions
Our objectives were to investigate the expectations and attitudes homeowners have towards refurbishment and technology
and to analyse the degree to which these promote or hamper the
implementation of energy efﬁcient refurbishment. Particular
emphasis was given to how homeowners deal with the need for
expert knowledge. Drawing on the results of an empirical survey of
1008 homeowners who retroﬁtted their homes, several hypotheses
could be proven.
The empirical results show that the decision to install LZC
technologies usually is the result of a combination of personal and
contextual factors and is shaped by our wants and everyday needs,
including comfort, convenience, social status and belonging,
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concern for the environment, and of course economic aspects.
Homeowners primarily adopt LZC technologies to reduce energy
consumption and costs. A majority of homeowners has a positive
attitude towards professional energy advisors; such consultations
generally lead to an investment in more ambitious and qualitatively
better energy efﬁciency measures.
Such professional consultations and advising, however, are
usually limited to those homeowners who are already convinced of
the beneﬁts and prepared to adopt innovative LZC technologies. A
main challenge is to reach those not yet aware of the beneﬁts of
such energy efﬁciency improvements, who tend to overestimate
the energy performance of their homes and therefore underrate the
energy saving potential of LZC technologies. Feedback tools that
provide information about personal energy consumption such as
informative energy bills or an energy meter can help motivate and
support homeowners’ decision-making, but such measures need to
be supplemented by personalized communication and
consultations.
The adoption of LZC technologies is also closely linked to speciﬁc
occasions such as when major renovations or a retroﬁt are to be
undertaken and such energy efﬁciency investments are more
proﬁtable; this would also include change of ownership, as well as
other maintenance or refurbishment measures. Unfortunately, the
empirical results demonstrate that homeowners often miss such
occasions and frequently undertake such projects without investing in LZC technologies. If we are to increase the rate of energy
efﬁciency improvements in the housing stock, a more systematic
approach to these situational opportunities is necessary. One
potential instrument is the implementation of coordinated
campaigns at the local level with participating energy agencies,
consultants, tradesmen, the local authorities, and the local press.
Such collaborative efforts at the local level as proposed by Svenfelt
et al. (2011) already exist in some regions in Germany and are also
useful for the efﬁcient compilation of accurate and non-conﬂicting
information.
Additional funding can further promote energy efﬁcient refurbishments by providing the ﬁnancial resources for more comprehensive improvements. As the empirical results reveal, many
homeowners are reluctant to take on additional home loans; thus,
ﬁnancial incentives in the form of subsidies or tax reduction would
help. Finally, stricter regulation would support the implementation
of more ambitious targets. Legal regulations with a long-term
perspective would serve as a roadmap and provide orientation
over a greater time frame, making it easier for homeowners to
make refurbishment decisions involving time horizons of a decade
or more.
Achievement of the ambitious objective established by the
German government will further require networking at the
national level of experts, intermediate organisations, tradesmen,
builders, homeowners, technical developers and the authorities
(Svenfelt et al., 2011); coordinated planning and a collaborative
approach are required if we are to reach this overall energy
reduction target.
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