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a b s t r a c t
The wider diffusion of solar photovoltaics (PV) is crucial to lower the environmental impact of the residential sector, which is responsible for a large share of energy consumption in many industrialized countries,
including Switzerland. By conducting an adaptive choice-based conjoint (ACBC) with a representative
sample of Swiss homeowners planning to undertake a roof renovation project, we investigate the extent
to which ﬁnancial and non-ﬁnancial factors drive homeowners’ preferences for PV in Switzerland. We
reveal that the color and country of origin of the PV modules are the main drivers for increasing share
of preference for PV. In addition, we estimate the price premium that homeowners are willing to pay
for building-integrated PV (BIPV) versus rack-mounted PV. We ﬁnd a premium in willingness to pay of
21.79% for a roof with a BIPV installation in comparison with a rack-mounted PV installation. We further
show that an increase in revenues from electricity sales (e.g. via feed-in tariffs), when transparently disclosed over an aggregated time frame, would be almost equally effective in spurring demand for PV as
a decrease of initial investment costs (e.g. via one-off investment grants). Implications for energy policy
and marketing are discussed.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
The Intergovernmental Panel on Climate Change (IPCC) contends that the extremely likely1 dominant cause of the observed
global warming since the mid-twentieth century is, together with
other anthropogenic drivers, anthropogenic greenhouse gas emissions [1]. The urgency of climate change, the pressure on policy
makers from international climate negotiations and civil society,
and the prospect of greater independence of energy imports have
provoked political support and unprecedented growth of renewable energy technologies globally. Meanwhile, renewables are the
second-largest contributor to global electricity production [2].
Though still representing a small proportion, solar photovoltaics
(PV) have by far the fastest annual growth rates [2].
The wider diffusion of PV is particularly crucial to lower the environmental impact of the residential sector, which is responsible for
a large share (approximately 31%) of total ﬁnal energy consumption
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The term extremely likely has been used to indicate the likelihood of 95%–100%
of the outcome [1].
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in Switzerland [3]. PV in the residential area is commonly rackmounted on top of an established building (building-attached PV),
whereas PV systems integrated into the shell of a building, called
building-integrated PV (BIPV), represent only a niche market so
far [4]. However, BIPV provide the opportunity for a more upscale
architectural design, as they are an integral construction element of
a building. BIPV can avoid disruptive visible changes in a building’s
appearance, while also serving as a new architectural design element with increased aesthetical value for homeowners. Given the
many beneﬁts of BIPV, market analysts therefore foresee enormous
growth potential in the global BIPV market in the future [5–9].
The contribution of this study is threefold:
1. First, given that BIPV provides the opportunity for a more upscale
architectural design than traditional rack-mounted PV plants,
we aim to identify, by use of an adaptive choice-based conjoint
(ACBC) survey, whether and how much more Swiss residential
home owners planning to undergo a roof retroﬁt are willing to
pay for a roof retroﬁt with a BIPV plant installed than for a roof
retroﬁt with a separate rack-mounted PV plant installed on top.
2. Second, we are interested in what factors, including ﬁnancial
and non-ﬁnancial, might drive preferences for solar PV among
residential homeowners in Switzerland. For this purpose, we
perform a series of sensitivity runs in which we change the level
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Table 1
Attributes and attribute levels used in the ACBC.
Attribute

Attribute levels

Roof type (+ base price)
Color of the PV plant/roof
Origin of PV panels
Investment costs
Revenues from electricity sales/reduction in
electricity costs over 20 years
Purchase premium

Standard roof/no PV (+ 15,000 CHF)
Rack-mounted PV (+ 40,000 CHF)
Blue
Red
China
Germany
Depending on the roof type + random variation to the price shown of −30% to +30%.
−20,000 CHF
−30,000 CHF

BIPV (+ 40,000 CHF)
Black
Switzerland

Rebate of 1000 CHF

Free e-bike

Participation in an e-car rafﬂe to win a Tesla

−40,000 CHF

of one factor (e.g. the color of the PV panels) to estimate how such
a change inﬂuences homeowners’ preferences for a PV plant in
the course of the next planned roof retroﬁt project.
3. Third, we also aim to contribute to the energy policy literature on government subsidies. In Switzerland, different kinds
of government subsidies are available, including one-off investment grants, which cover a signiﬁcant part of the cost of an
installation, and feed-in tariffs, in which a cost-based price is
paid for the renewable electricity supplied to the grid. Previous research on barriers related to PV adoption in Switzerland
has shown that homeowners tend to regard upfront investment
costs as more important than a reduction in electricity costs from
not purchasing electricity from the grid or an increase in earnings from electricity sales to the grid [10]. We therefore imply
that consumers would prefer one-off investment grants (which
would lower upfront investment costs) to feed-in tariffs (which
would increase earnings from selling self-produced electricity to
the grid). We investigate whether feed-in tariffs could be made
equally effective in spurring demand for PV as one-off grants if
future potential earnings from electricity sales would be transparently disclosed over an aggregated time frame of 20 years (a
method known as “temporal reframing”).

cal approach around a data set of stated preferences, for which
we used choice experiments as the methodological approach. This
technique is intended to elicit people’s preferences for different
characteristics, or attributes, of a product in an indirect way. This
is done by describing a product or service in terms of different
attributes and requiring respondents to evaluate a series of different choice tasks, by performing trade-offs between those attributes
[11]. Several studies have applied choice experiments in the area
of sustainability and energy [12–23].
We applied an adaptive ACBC method, which adapts the
interview ﬂow to the respondents’ preferences and is especially
appropriate for examining preferences when people make use
of non-compensatory decision-making [24,25]. Non-compensatory
decision-making takes place when people evaluate alternatives by
ﬁrst excluding the product proﬁles made up of combinations of
attributes and attribute levels that contain characteristics unacceptable to them (e.g. a too high price) and then choosing among
the remaining product options in line with those so-called screening rules [24]. Several researchers have used this relatively new
methodology in the past few years (e.g., [26–31].

The rest of the paper proceeds as follows: In Section 2, we provide information on the design of the study and discuss our chosen
methodological approach. In Section 3, we provide an overview of
our empirical ﬁndings. Section 4 concludes.

The ACBC survey asked respondents to evaluate and choose
among different roof retroﬁt options in the context of their planned
roof retroﬁt project. The different roof retroﬁt options differed
depending on whether only standard roof tiles were used for roof
covering or the roof also included a roof-top PV system. The different roof retroﬁt options also differed in the set of characteristics
(e.g. investment costs). As a ﬁrst step in the setup of the ACBC,
we chose six different attributes and corresponding attribute levels for inclusion in the study that characterized an individual roof
retroﬁt option. An attribute is a feature of a roof retroﬁt option
(e.g. investment costs) comprising a range of attribute levels of
that speciﬁc feature (e.g. different price levels). We aimed to select
attributes and attribute levels to establish realistic choice scenarios, on the one hand, and to elicit homeowners’ preferences for
some attribute levels with high relevance for marketing and policy
implications, on the other hand. The attributes and attribute levels
of the roof options selected for the ACBC are based on consultations
with stakeholders, a broad literature review, and a review of product catalogues used for marketing purposes. In addition, a pre-test
with experts and colleagues, as well as a small-scale pilot survey
with 25 homeowners, conﬁrmed the relevance and suitability of
the chosen attributes and levels. Table 1 provides an overview of
the six attributes and the corresponding attribute levels used in the
ACBC.
We included the attribute “roof type” with three different rooftype options, including the option of a roof with standard roof tiles
(the “Standard roof/no PV” option), the option of a roof with roof
tiles and a separate rack-mounted PV plant installed on top (the
“Rack-mounted PV” option), and the option of a roof with a BIPV
plant installed in which the PV panels replace the need for any
roof tiles (the “BIPV” option). As a second attribute, we included
levels of the color of the PV plant or roof (i.e., blue, red, or black)

2. Methodological approach
2.1. Structure of the survey
We used Sawtooth Software’s module SSI Web to program the
survey. The survey consisted of four different sections. First, we
placed several screening sections at the beginning of the survey
with the aim to identify whether homeowners fulﬁlled our criteria
for eligibility to participate in the survey (see Section 2.5). Second,
we continued with the core element of the study, an ACBC, which
we describe in detail in Section 2.2. Third, the survey continued by
asking respondents about a range of different questions to examine
a set of motivators for and barriers to the further diffusion of PV in
Switzerland.2 In the last part of the questionnaire, the respondents
answered a set of demographic questions (see Section 2.6).
2.2. ACBC analysis
Homeowners’ preferences can be evaluated by analyzing stated
or revealed preference data. Given that PV in Switzerland is in the
early phase of the diffusion process, appropriate revealed preference data to evaluate consumer preferences and market potential
are unavailable for this purpose. We therefore built our empiri-

2
We address and report the results of this part of the survey in a separate paper
[10].

2.3. Selection of attributes and attribute levels
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to assess homeowners’ preferences for different colors. Despite the
good technical functionality of colored PV modules [32], such modules have found little application in the market so far and thus have
not helped overcome the general skepticism about PV by architects
[33]. We therefore were interested in determining whether the different colors would positively affect homeowner’s acceptance of
PV in the Swiss market. Demonstrating the positive impact of color
in inﬂuencing homeowners to opt for a PV plant could be beneﬁcial for convincing architects to adopt PV in property development.
We made use of conditional displays that included a picture of the
respective roof option based on the two attributes “roof type” and
“color of the PV plant/roof”, resulting in a total of 3 × 3 = 9 combinations (see Appendix A Fig. A1 for an overview of all nine graphics).
For the attribute “investment costs”, we made use of the
summed pricing option [25], which allowed us to use realistic prices
for the different roof retroﬁt options. To select the relevant price
levels, we conducted expert interviews (e.g. with installers) and
reviewed marketing documents (e.g. catalogues, websites). With
the summed pricing approach, we assigned a base price of 15,000
CHF to the “Standard roof/no PV” option and a base price of 40,000
CHF for roof retroﬁt options involving a PV plant. We assumed the
same base price for both roof retroﬁt options including a PV plant,
given that the PV modules of the BIPV system can be integrated
directly into the building envelope and thus can replace parts of
conventional building materials (i.e. roof tiles). Although our consulted experts estimated the costs of a BIPV system higher than
those of a rack-mounted PV system, the higher costs of the BIPV system can be offset against the cost of the roof tiles that would also
need to be replaced during a roof retroﬁt where a rack-mounted
PV plant would be installed on top. To display the total investment
costs of the different roof retroﬁt options, we randomly varied the
prices for the different options to the price shown of −30% to +30%.
This approach allows a realistic estimation of the price coefﬁcient
in which we can disentangle the effect of a price change on respondents’ choices in the survey from the price increases we assigned to
the different roof types [25]. To avoid uneven prices, we indicated
that the investments costs should be rounded to the closest 5000
CHF after having been randomly varied.
In addition to the summed pricing approach, we implemented
an alternative-speciﬁc conjoint design, as several of the other
attributes chosen (e.g., country of origin of PV plant) were not
applicable to the “Standard roof/no PV” retroﬁt option. The
alternative-speciﬁc design worked well with our research question, as our aim was to test how changes in the characteristics of
the PV option would lead people to switch from a standard roof
(without a PV plant) to a roof containing a rooftop PV installation.
For the roof retroﬁt options that contained a rooftop PV installation, we included the attribute “origin of PV panels” with three
alternatives (Switzerland, Germany, and China) to investigate
the signiﬁcance of the country-of-origin effect. We included this
attribute to build on the vast literature stream in the ﬁelds of
international business, marketing, and consumer behavior on the
country-of-origin effect (e.g., [1,34–39]. Country of origin is often
part of the mental shortcut to decision making [40]. Information
about country of origin is commonly sought to indirectly infer
beliefs about a product’s quality characteristics, such as durability [34,35,41]. Given that the manufacturing of technical products
often demands highly skilled employees, people often believe that
high quality can only be secured when the product is produced
in a developed country [39]. Swiss consumers commonly assign
a high reputation to both Switzerland and Germany for producing high-quality products, given the high supply of skilled workers
and research, whereas they attribute lower product competence to
China [42].
In addition, for the roof retroﬁt options that contained a rooftop
PV installation, we included the attribute “revenues from electricity
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sales/reduction in electricity costs over 20 years”. Literature shows
that high initial investment costs are a common obstacle preventing
consumers from purchasing energy-saving products, even though
they would recoup the higher initial investment costs through
energy savings in the long run (e.g. [43–46]. One explanation for
this signiﬁcant overvaluation of initially higher investment costs is
that consumers are often not capable of determining the possible
cost savings of such investments because of a lack of information.
Thus, we provided respondents with information about the level of
reduction in electricity costs by not purchasing electricity from the
grid and possible revenues from selling self-produced electricity to
the grid through feed-in tariffs that they could reach by installing a
PV plant, to investigate whether disclosing such information could
address the barrier of overvaluation of investment costs. Mouseover pop-ups in the survey presented further details about this
attribute. We included the information that in case homeowners
opted for a roof retroﬁt containing a PV installation, they could produce their own electricity, which they would then be able to sell to
an electricity provider (and thus make money) or consume themselves (and thus need less electricity from their power provider in
the future). We informed the respondents that the cost savings or
respectively the earnings were dependent on the efﬁciency of the
PV plant, possible support schemes (e.g. feed-in tariffs from the
government), and any occurring maintenance costs. We decided to
provide the information over an aggregated period (i.e., 20 years),
given that research has shown that a longer time frame in which
such information is presented is particularly likely to reduce the
scale of over-discounting (e.g. [47,48]. The attribute included three
levels: −20,000 CHF, −30,000 CHF, and −40,000 CHF. We explicitly
decided to use a negative sign when presenting this information
because pre-tests showed that some respondents would otherwise
add those values as costs on top of the investment costs.
Finally, we also included the attribute “purchase premium” to
investigate the effectiveness of marketing tools, such as different
rewards versus a rebate. We applied insights from psychology and
behavioral economics to determine whether the type of incentives with about equal beneﬁts would exert a different impact on
homeowners’ choices for a PV roof option. In particular, we were
interested in the difference between a lottery-based incentive (i.e.
possibility to participate in a rafﬂe with the chance to win a Tesla
electric car) and a ﬁxed incentive (i.e. rebate of 1000 CHF). Prior
research has shown that lotteries exploit consumers’ inclination
for overrating small percentages in view of large possible rewards
[49,50]. Evidence also reveals the effectiveness of lottery incentives
in a wide range of domains (e.g. [49,51–53]. In a similar vein, we
aimed to investigate the impact of a rebate of 1000 CHF versus a free
electric bike. Previous research has provided evidence of the “zeroprice effect”, showing that consumers often overreact to things that
are free (e.g. free promotions, product giveaways) [54–56].
2.4. Overview of the ACBC interview
The ACBC section of the survey started with a screening section,
in which respondents were presented repeatedly with four different roof retroﬁt options at a time and asked to indicate whether
they considered the different retroﬁt options “a possibility” or not
(see Fig. 1 for an example of such a screening task). In the screening
section, the surveyed homeowners needed to evaluate the different roof retroﬁt options in isolation but did not need to make a
choice among the three options. We screened the homeowners’
responses to identify whether they applied any non-compensatory
screening rules. Such a screening rule would apply, for example,
if a respondent consistently excluded some roof retroﬁt options
not containing a PV installation and only chose options containing
either a rack-mounted PV or a BIPV installation. If that were the
case, the respondent would be asked explicitly whether a “Stan-
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Fig. 1. Example of a screening task (translated; original in German and French).

dard roof/no PV” retroﬁt option would be an unacceptable option
to them.
In the second section of the ACBC, homeowners were then presented with a set of different choice tasks. In this choice task section,
respondents were asked to make a choice among three presented
roof retroﬁt options. Only concepts considered “possibilities” in the
previous section appeared in this choice task section (see Fig. 2 for
an example of a choice task). To simplify the comparison among the
different roof retroﬁt options and to reduce the cognitive difﬁculty
of the task, the roof retroﬁt options frequently shared some characteristics, such that one or more rows were “grayed out” to help
respondents focus on the remaining differences of the roof retroﬁt
options [24].
2.5. Target population
The main target group of this study was individuals planning to
make a roof retroﬁt decision within the next 10 years. Thus, as a
core element of the study, the survey took place in the context of
real decision-making. We therefore explicitly invited homeowners
only and excluded tenants. Furthermore, only homeowners who
either owned a single-family house or a building with a maximum of ﬁve units were able to take the survey. The reason for this
decision was that the speciﬁc setup of our ACBC survey with the
two attributes (1) investment costs and (2) revenues from electricity sales/reduction in electricity costs over 20 years included
absolute monetary ﬁgures; the values used in our survey would
not be realistic for buildings with more than ﬁve units, given that
such buildings typically come with larger roofs that require higher
investment volumes. Homeowners were explicitly asked in a ﬁlter
question whether they were actively involved in the house retroﬁt
decisions. Only those who afﬁrmed their involvement were ﬁnally
asked to complete the survey. In addition, only those who owned a
building with a pitched roof were able to take the ACBC survey; we
excluded those owning a house with a ﬂat roof from the survey. The
reason for this decision was the nature of BIPV systems, which is

not very suitable for ﬂat roofs. We assigned a professional translation agency to translate the survey from German to French to invite
both German- and French-speaking participants from Switzerland
to take the survey.
The respondents in the study were recruited from an online
access panel consisting of more than 50,000 registered participants
in Switzerland maintained by the Swiss market research company
Intervista AG. The market research company compensated respondents for taking part in the study, which took place between January
and February 2016. To achieve a representative sample of our envisaged target group, the market research company ﬁrst recruited a
representative sample of 6104 respondents from Switzerland. The
sample was drawn by quota sampling, considering gender, age,
language region, and home ownership. In total, 408 completed
datasets were available by homeowners that were able to pass the
ﬁlter questions, described in the response funnel displayed in Fig. 3.
2.6. Sample characteristics
Table 2 displays the details regarding the composition of the
6104 participants who were invited to take the survey before the
additional ﬁlter questions were applied. When comparing the characteristics of those respondents with national data from the Swiss
Federal Statistical Ofﬁce, we show that the overall sample is representative to the Swiss population in terms of gender, age, language
region, and home ownership.
Table 3 presents the demographic details of those respondents
who have passed the ﬁlter questions and who subsequently took
part in the ACBC part of the survey. Given that the whole sample
of 6104 survey respondents is representative of Switzerland, we
consider the sample of 408 respondents who participated in the
ACBC also representative to our population of interest (i.e. those
that have passed the ﬁlter questions). When comparing the characteristics of the 408 respondents with national data from the Swiss
Federal Statistical Ofﬁce, we show that our ﬁnal subsample that
passed the four ﬁlter questions differs from the Swiss population
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Fig. 2. Example of a choice task (translated; original in German and French).

Fig. 3. Target population and response funnel.

in terms of gender and age (see Table 3). Thus, the ﬁnal ACBC sample of homeowners that passed the ﬁlter questions is older than
the overall Swiss population and exhibits an overall higher share
of men.
3. Results and discussion
3.1. Results of the hierarchical Bayes model
We used hierarchical Bayes (HB) to derive part-worth utilities
of individual respondents based on the data collected in the survey
[59,60]. With an HB model, it is possible to measure respondent
heterogeneity that acknowledges variances in preferences between
respondents, which is often useful for market simulation purposes.
The model treats each respondent as part of a population of similar
respondents and then “borrows” information from the population

to develop the part-worth utilities for each individual respondent
[25].
Table 4 shows the result of the HB model, including the average
utility values of the estimated model, the corresponding standard
deviation values, and upper and lower 95% conﬁdence intervals.
The utilities are zero-centered, such that “the total sum of the
differences in utility between the worst and best levels of each
attribute across attributes is equal to the number of attributes times
100” [62]. Utilities indicate how favorable one attribute level is perceived over other attribute levels within the same attribute. Apart
from the attribute investment costs, we chose the part-worth utility estimation function, in which a separate utility is estimated for
each attribute level. To model the effect of investment costs on
product choice, we estimated price as a continuous function by
applying the linear coding method. To avoid an out-of-order utility
relationship for the two attributes with an a priori preference order
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Table 2
Characteristics of the complete sample (n = 6104) in comparison with the structure
of the Swiss population.
Complete sample
(n = 6104) – in%

Swiss average –
in%

Gender (2 = 0.003, d.f. = 1, p = .960)
Female
Male

51.0
49.0

51.0a
49.0a

Age (2 = 0.025, d.f. = 3, p = .999)
18–29 years
30–44 years
45–59 years
60–years

18.3
26.0
27.3
28.3

Table 3
Characteristics of the ACBC sample (n = 408) in comparison with the structure of the
Swiss population.
ACBC sample
(n = 408) – in%

Swiss average –
in%

Gender (2 = 19.057, d.f. = 1, p < .001)
Female
Male

40.2
59.8

51.0a
49.0a

18.3a
26.0a
27.3a
28.4a

Age (2 = 41.778, d.f. = 3, p < .001)
18–29 years
30–44 years
45–59 years
60–years

9.1
24.3
39.5
27.2

18.3a
26.0a
27.3a
28.4a

Language region (2 = 1.479, d.f. = 1, p = .224)
75.0
German-speaking Switzerland
French-speaking Switzerland
25.0

75.7b
24.3b

Language region (2 = 0.503, d.f. = 1, p = .478)
77.2
German-speaking Switzerland
French-speaking Switzerland
22.8

75.7b
24.3b

Home ownership (2 = 0.222, d.f. = 1, p = .638)
43.5
Homeowners
Tenants
56.5

43.8c
56.2c

Characteristics

Note: The results from chi-square tests are included in parentheses, which show
whether signiﬁcant differences between the overall study sample and the Swiss
average could be identiﬁed.
a
Source: Federal Statistical Ofﬁce [58].
b
Percentages refer to the German and French-speaking part of Switzerland and
exclude the Italian-speaking part of Switzerland; Source: GfK [57].
c
Source: Statista [68].

(i.e. investment costs; revenues from electricity sales/reduction in
electricity costs over 20 years), we enforced constraints on orders of
part-worths within those attributes. In addition, on the basis of the
screening section choices, we estimated a separate utility weight
for the “none” parameter, which we used in subsequent market
simulations for the estimation of the proportion of respondents
who would not opt for any of the simulated product concepts [25].

Characteristics

Source: [57]
Note: The results from chi-square tests are included in parentheses, which show
whether signiﬁcant differences between the overall study sample and the Swiss
average could be identiﬁed.
a
Source: [58].
b
Percentages refer to the German and French-speaking part of Switzerland and
exclude the Italian-speaking part of Switzerland.

3.2. Calculation price premium for BIPV over rack-mounted PV
As a next step, we conducted a simulated market scenario, using
the calculated part-worth utilities of each respondent to estimate
his or her likelihood of choosing a hypothetical product proﬁle; we
did this to calculate whether and how much more future residential
roof renovators would be willing to pay for a roof with a BIPV plant
than for a roof with a separate rack-mounted PV plant installed on
top (see [11]. To calculate the premium for the BIPV roof retroﬁt
option versus the rack-mounted PV roof retroﬁt option, we set up
a simulation scenario with three options included (see Table 5).
Option 1 and option 2 only differed with regard to the PV technol-

Table 4
Results of the HB model for the ACBC sample (n = 408).
Attributes and levels

Average Utilities

SDa

Lower 95% CIb

Upper 95% CI

Roof type
BIPV
Rack-mounted PV
No PV

51.64
17.24
−68.88

49.38
64.53
73.83

46.83
10.96
−76.07

56.44
23.52
−61.70

Color of the PV plant/roof
Red
Black
Blue

33.86
16.24
−50.10

58.85
44.33
57.57

28.13
11.93
−55.70

39.59
20.55
−44.50

Origin of PV panels
Switzerland
Germany
China

50.89
21.83
−72.72

37.14
24.98
55.68

47.27
19.39
−78.13

54.50
24.26
−67.30

Investment costs
10,000 Swiss Francs
50,000 Swiss Francs

52.11
−52.11

36.91
36.91

48.52
−55.71

55.71
−48.52

Revenues from electricity sales/reduction in electricity costs over 20 years
25.90
−40,000 Swiss Francs
−3.87
−30,000 Swiss Francs
−20,000 Swiss Francs
−22.03

14.90
5.88
15.96

24.45
−4.44
−23.59

27.35
−3.30
−20.48

Purchase premium
Free e-Bike
Participating in e-car rafﬂe (Tesla)
Rebate of 1000 CHF
None

8.64
12.22
10.54
66.34

0.37
−0.98
−2.45
16.85

2.05
1.40
−0.40
29.76

1.21
0.21
−1.43
23.30

Note: As an indication of goodness-of-ﬁt of the model with the data, we used the average root likelihood (RLH) [61]. In this study, we predicted that each option in the choice
tournament section would be selected with a probability of 1/3. RLH was 0.72 for this model, which represents a good ﬁt of the model (more than two times better than the
chance level).
a
SD = Standard deviation.
b
CI = Conﬁdence interval.
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Table 5
Determination of price premium via market simulation.

Roof type
Color of the PV plant/roof
Origin of PV panels
Investment costs
Revenues from electricity sales/reduction in electricity costs over 20 years
Purchase premium
Simulated share of preference

Option 1

Option 2

Option 3

BIPV
Red
Switzerland
48,715 CHF
−40,000 CHF
Free e-bike
44.29%

Rack-mounted PV
Red
Switzerland
40,000 CHF
−40,000 CHF
Free e-bike
44.29%

Would not choose any
of those options

Option 1

Option 2

Option 3

BIPV
Blue
China
40,000 CHF
−20,000 CHF
Rebate
15.42%
24.58%

Rack-mounted PV
Blue
China
40,000 CHF
−20,000 CHF
Rebate
9.16%

Would not choose any
of those options

13.42%

Table 6
Base case scenario for the sensitivity analyses.
Base case scenario

Roof type
Color of the PV plant
Origin of PV panels
Investment costs
Revenues from electricity sales/reduction in electricity costs over 20 years
Purchase premium
Individual simulated share of preference of PV options
Aggregated simulated share of preference of PV options

ogy installed on the roof (rack-mounted PV vs. BIPV) and the level
of investment costs, whereas we set the other attributes (i.e. color
of the PV plant, country of origin of the PV plant, revenues from
electricity sales/reduction in electricity costs over 20 years, and
purchase premium) at the identical level. We also included a third
option (“None”), to predict the share of respondents who would
not choose either of the two offered options. The market simulator would simulate that the “None” option would be chosen if the
utilities of the other two options did not exceed the “None” utility threshold as calculated in the HB estimation. We subsequently
increased the level of investment costs for the BIPV option until
no difference in the simulated share of preference between the
BIPV and the rack-mounted PV roof retroﬁt options was found. We
took the difference in the level of investment costs as the premium
homeowners would be willing to pay for a roof retroﬁt where a
BIPV plant would be installed on their roof in comparison with a
roof retroﬁt where a rack-mounted PV plant would be installed
on the roof. We ﬁnd that, on average, the roof option with a BIPV
plant could cost 8715 CHF, or 21.79%, more than a roof with a
rack-mounted PV plant.
3.3. Sensitivity analyses to observe changes in shares of
preference due to changing PV-speciﬁc speciﬁcations
As a next step, we conducted sensitivity analyses with the Sawtooth market simulator, making use of the estimated part-worth
utilities from the HB estimation to perform a series of simulation
scenarios, to estimate how much the demand, or share of preference, for PV among residential homeowners in Switzerland would
change from altering product speciﬁcations (see [63]. In the sensitivity runs making use of the share of preference model, we changed
the level of one attribute (e.g. the color of the PV panels) and estimated how the change of that speciﬁc attribute affected the overall
share of preference for PV among our surveyed respondents, while
keeping all the other attribute levels at a constant level.
We achieved this by deﬁning a speciﬁc “base case” scenario
in terms of the attributes and levels used in the study. We again
included three different options in this scenario. Option 1 (BIPV)
and option 2 (rack-mounted PV) differed only in the technology
installed on the roof. We set the other attributes at the levels with
the lowest average utilities for the attributes color of the PV plant
(i.e. blue), origin of PV panels (i.e. China), revenues from electricity

75.42%
75.42%

sales/reduction in electricity costs over 20 years (i.e. 20,000 CHF),
and the purchase premium (i.e. rebate). We set the price for both
options 1 and 2 at 40,000 CHF. We also included a “None” option.
Table 6 describes the base case scenario.
Then, we altered one attribute level in both options 1 and 2,
while keeping all other levels constant at those of the base case
scenario. The market simulation then calculated the percentage
of respondents who would choose either the BIPV or the rackmounted PV roof retroﬁt option and the percentage of respondents
who would not choose either of the two options. A change in share
of preference for PV among residential homeowners in Switzerland
is a direct result of altering the PV’s product characteristics. Table 6
shows the results for the base case scenario. Under this scenario,
only 15.42% of the respondents would opt for the BIPV roof retroﬁt
option, 9.16% would choose the retroﬁt option with a rack-mounted
PV plant installed, and 75.42% would not choose either of the two
simulated options.
As a next step, we made adjustments to the base case by changing individual speciﬁcations, to evaluate how speciﬁc changes
inﬂuence the percentage of homeowners choosing the PV roof
retroﬁt options versus not choosing it (i.e. choosing the “None”
option). For example, in one simulation scenario, we changed the
color of the PV roof retroﬁt options while keeping all other settings
constant. By doing so, we can discern whether a different color of
the PV panels would affect the share of preference positively for
PV among homeowners in Switzerland. Fig. 4 present changes in
predicted choice probabilities based on those simulations.
The results reveal that changing the color of the PV panels leads
to substantial increases in the percentage of respondents preferring
a roof retroﬁt option with a PV installation in comparison with the
“None” option. More speciﬁcally, offering PV panels in the colors
black and red, instead of the classic color blue, would increase the
share of preference for PV among Swiss homeowners by 13.01 and
17.83 percentage points, respectively.
The main driver for enhanced demand for PV would however
be altering the country of origin of the PV panels. More speciﬁcally, in cases in which manufacturers offering PV panels were from
Germany or Switzerland (vs. China), the results show that PV would
become a real alternative to choosing a conventional roof without
any PV plant installed. That is, the results reveal that offering the
PV panels from Germany or Switzerland would create a potential
market share for PV among Swiss homeowners by additional 19.03

28

S.L. Hille et al. / Energy and Buildings 162 (2018) 21–31

Fig. 4. Sensitivity analyses to observe change in share of preferences for PV among Swiss homeowners due to changing speciﬁcations.

Table 7
“Best case” scenario.
“Best case” scenario

Roof type
Color of the PV plant
Origin of PV panels
Investment costs
Revenues from electricity sales/reduction in electricity costs over 20 years
Purchase premium
Individual simulated share of preference of PV options
Aggregated simulated share of preference of PV options

and 27.50 percentage points compared with offering the PV panels from China, respectively. Thus, we ﬁnd that Swiss customers
prefer PV panels produced from European manufacturers. In addition, homeowners also prefer PV panels produced in Switzerland
to panels produced in Germany.
Furthermore, we ﬁnd that offering different purchase premiums
do not result in substantial increases in the percentage of homeowners preferring a PV roof retroﬁt option. However, we identify
subtle differences between the different types of purchase premiums. More precisely, offering the possibility to win an electric car
of the brand Tesla increases the percentage of homeowners preferring the BIPV option by 0.35 percentage points, while offering a
free e-bike increases the percentage of homeowners preferring the
BIPV option by 0.48 percentage points, versus the baseline effect of
offering a rebate of 1000 CHF.
Furthermore, we show that a decrease in electricity costs by not
purchasing electricity from the grid or an increase in potential revenues from selling self-produced power to the grid through feed-in
tariffs by 10,000 CHF (from 20,000 CHF to 30,000 CHF) over a period
of 20 years would increase the percentage of homeowners preferring a PV roof retroﬁt option by 5.65 percentage points. In contrast,
our results reveal that reducing the investment costs could also
foster the further adoption of PV in Switzerland. A decrease of the
investment costs from 40,000 CHF to 30,000 CHF would raise the
likelihood of opting for a PV roof retroﬁt option in Switzerland by
7.07 percentage points compared with the baseline scenario. Thus,

Option 1

Option 2

Option 3

BIPV
Red
Switzerland
30,000 CHF
−40,000 CHF
E-bike
55.02%
89.77%

Rack-mounted PV
Red
Switzerland
30,000 CHF
−40,000 CHF
E-bike
34.75%

Would not choose any
of those options

10.23%
10.23%

the results indicate that the shares of preferences are slightly more
sensitive to changes in investment costs than to changes in possible reduction in electricity costs or revenues from electricity sales.
However, this difference (5.65 vs. 7.07 percentage points) is not
very pronounced, indicating that when such monetary information is displayed aggregated over a period of 20 years, the increase
in the level of revenues from electricity sales (which policy makers
can inﬂuence through feed-in tariffs) could be almost equally powerful to increase market share for PV among Swiss homeowners as
a decrease in upfront investment costs (which could be reduced by
a one-off investment grant).
3.4. Potential market share of PV among Swiss homeowners
under the “best case” scenario
Finally, we determined the market share of PV that could be
achieved in Switzerland in a scenario in which all features would be
varied simultaneously in a way to better meet homeowners’ preferences. This “best-case” scenario included two PV options, including
option 1 (BIPV) and option 2 (rack-mounted PV). Both options were
based on the levels with the highest average utility ratings for
the attributes color of PV plant (i.e. red), origin of PV panels (i.e.
Switzerland), revenues from electricity sales/reduction in electricity costs over 20 years (i.e. 40,000 CHF), and the purchase premium
(i.e. e-bike). We set the price for the base case PV options at 30,000
CHF (i.e. 10,000 CHF lower than under the base case scenario as
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described in Table 6), assuming that a one-off investment grant of
10,000 CHF was introduced. We also included a “None” option as
described previously (see Table 7 for all roof options included in the
scenario). Under this scenario, 89.77% of the respondents would opt
for one of the two PV roof retroﬁt options. Thus, our results show
that PV could be successfully adopted among Swiss homeowners
given favorable conditions.
4. Conclusions and policy and marketing implications
First, by performing an ACBC survey, our results suggest a strong
business case for BIPV in Switzerland. We show that private homeowners would be willing to pay a premium of 21.79% for a roof with
a BIPV plant installation versus a roof with a rack-mounted PV plant
installation, all else being equal (e.g. color, origin of PV panels).
As such, producers and installers of BIPV plants could differentiate
themselves on the basis of the increased value (e.g. aesthetics) that
BIPV provides for homeowners.
Second, we ﬁnd evidence that particularly the color and the
country-of-origin declaration of a PV plant can be crucial drivers
in increasing potential market share for PV (both BIPV and
rack-mounted PV) in Switzerland. In more detail, we ﬁnd that
homeowners would favor PV panels in the colors red and black
instead of blue, which is still the standard color used for most PV
installations. This ﬁnding is promising for architects who have been
hesitant to fully embrace traditional blue-colored PV technology,
due to poor panel aesthetics. With new ways for aesthetical integration of PV, our results should encourage architects to adopt the
new technologies to a larger extent, as the reward for doing so
in terms of meeting customer preferences proves promising. Furthermore, our results are highly relevant for policy makers who
are trying both to reduce the environmental impact of the housing
stock and to protect and preserve monuments and historic buildings. Introducing measures that lower the administrative barriers
for PV installations that provide the opportunity for a more upscale
architectural design would enable the simultaneous achievement
of both policy goals.
Third, Swiss homeowners prefer European PV panels to Chinese PV panels. Given that both Germany and Switzerland have
a high reputation for the production of technical goods [42], we
leave it up to further research to investigate whether homeowners
used the country-of-origin information as a shortcut to indirectly
infer the products’ quality characteristics, such as durability. In
addition, the results reveal that homeowners prefer PV panels produced in Switzerland to PV panels produced in Germany. This
ﬁnding indicates that homeowners’ preferences for PV panels from
Switzerland could be due to the affective or normative meaning
that the country-of-origin information conveys to Swiss homeowners. Previous studies have shown that disclosing the country of
origin can have an affective meaning to people, due to the emotional connotations people have with a speciﬁc country or due to
the normative meaning when people view purchasing local goods
as a way to support the local economy [39,64]. The identiﬁcation of
preferences of Swiss consumers for locally produced PV panels from
Switzerland over German PV panels is in line with previous ﬁndings from the renewable energy literature that also reveals Swiss
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citizens’ strong preference for Swiss over German ownership of
hydropower plants [65]. This strong preference should encourage
manufacturers from Switzerland to emphasize the Swiss origin of
the panels in their marketing efforts to differentiate themselves
on the basis of the country-of-origin effect. Furthermore, this ﬁnding could support policy makers in Switzerland in their effort to
assist the small local PV industry and to introduce start-up-friendly
policies.
Fourth, we ﬁnd that a decrease in investment costs and an
increase in revenues from selling self-produced electricity to the
grid (when aggregated over a period of 20 years) of the same magnitude would lead to an almost equal increase in demand for PV
among homeowners in Switzerland. These ﬁndings are in line with
prior studies that have shown that aggregating future energy costs
or savings over a longer period (e.g. lifetime of a product), versus
providing this information per year, can signiﬁcantly encourage
people to take that information into account in their purchasing
decisions, as it enables people to realize the sheer size of the possible savings (e.g. [47,48,66,67]. The ﬁndings of the current study also
have high political relevance. Our simulations show that certain
forms of governmental support such as feed-in tariffs to increase
revenues from selling self-produced electricity to the grid over a
longer period, when transparently disclosed over an aggregated
time frame, can lead to an almost equal increase in market share of
PV as one-off grants to lower investment costs.
As with any research, the results are subject to several limitations, given that the choices were made under a hypothetical
scenario in which people were not required to actually pay the
investment costs of the roof renovation option they chose. In addition, although we show future revenues from electricity sales or
reductions in electricity costs as a stable ﬂow of revenues, they are
subject to uncertainties in real life in terms of the cost of electricity
prices, technical risks, and so on. As a further point of consideration,
we visualized three attributes in the ACBC via conditional displays
(roof type, color, and purchase premium) that might have attracted
more attention to the attributes on costs and savings and the origin
of PV panels, which were presented in text form. Thus, the tendency to neglect the pricing attribute must be acknowledged with
this type of surveying technique. Finally, we did not randomize the
attribute order (i.e. attributes appeared in their natural and not in
random order within the concept). Therefore, we cannot exclude
that a systematic order effect might have occurred.
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Fig. A1. Conditional displays based on nine possible combinations of the two attributes ‘roof type’ and “color”.
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