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Abstract: PV energy generates economic and environmental benefits (e.g., energy cost-saving, GHG
emissions reduction, etc.), which can be capitalized into market prices. There is, therefore, growing
interest in assessing the value that PV systems add to solar homes (i.e., homes equipped with PV
production plants) market prices. Although the number of solar homes has experienced rapid growth
in Europe and Italy, literature investigating the impact of PV power plants on home values is still
very limited. This paper aims to fill this gap. We implement a Discrete Choice Experiment (DCE)
approach to estimate individuals’ WTP for different typologies of domestic PV plants, which vary in
technical characteristics. Our findings show that homebuyers are willing to pay a price premium for
solar homes, ranging from some 3% to some 15%, depending on PV panels’ characteristics. These
results can provide a wealth of recommendations to different interested parties such as homeowners,
homebuyers, realtors, and governments, seeking knowledge on the capitalization effect of residential
PV plants on the housing market to implement cost-effective investment strategies or design optimal
policy incentives.

Keywords: solar photovoltaic power plants; buildings energy efficiency; discrete choice experiment

1. Introduction

During the last decade, the European Union (EU) has enacted directives to reduce
greenhouse gas (GHG) emissions through the promotion of renewable energy sources
(RES). The first most important directive is the Renewable Energy Directive (Directive
2009/28/EC), which provided a framework for promoting renewable energy production
and setting mandatory national targets for the overall share of green energy. In detail, this
Directive established that European member states had to achieve a 20% share of energy
from renewable sources in community energy consumption by 2020 (revised upward to
32% by 2030). In 2018, the Renewable Energy Directive Recast (Directive 2018/2001/EU)
was enacted for supporting emissions reduction commitments, which had already been
established in the 2015 Paris Climate Agreement of 2015 [1]. Energy production from
renewables is a key factor for improving buildings’ energy efficiency and decarbonizing the
existing building stock in the near future [2]. In this context, electrical energy generation
from solar photovoltaic (PV) power plants has grown in the last decades as solar energy is
deemed as one of the most promising RES in accelerating the energy transition [3–6]. For
years, EU Governments have promoted investments in PV plants due to generous incentive
schemes, which turned out to be a key factor in private investors’ decisions [7–10]. These
incentives proved to be successful in stimulating investments in residential PV plants, which
became attractive for households and small private investors [11–13]. Italy is no exception
within the EU-27 area. A recent report by the publicly-owned company in charge of promoting,
supporting, and developing RES in Italy (GSE) reveals that in 2019 about 880,000 PV plants
were operating in Italy (+20.7% compared to 2018), 82% of which are residential, and that a
4.6% increase in PV production was registered in 2019 compared to 2018 [14].
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Investments in residential PV plants usually aim at improving buildings’ energy
efficiency and reducing energy costs bills thanks to self-consumption [4,13,15,16]. In this
respect, academics and practitioners acknowledge that the greater the building energy
efficiency, the greater its market value. Therefore, there is growing interest in assessing the
value that PV systems add to solar homes (i.e., homes equipped with PV production plants)
market prices. Among the wealth of benefits generated by improvements in a building’s
energy performances, energy cost savings are perceived as of major relevance. Nonetheless,
nowadays, due to increased social awareness on climate change effects and environmental
concerns, reduction of GHG emissions provided by RES, and solar energy specifically, is
assuming an utmost relevance in our society. Consequently, solar homes can be viewed as
one of the better-known ‘green products’ sold in the market [17].

In the last decade, a strand of literature focusing on the economics of green buildings
has stepped into academia and is rapidly flourishing at the national and international
level [12,18–22]. In addition, some authors have recently focused on the market price
premium for green buildings [23–26]. The real estate hedonic literature capitalizes different
house characteristics and attributes into property market prices. Although solar installa-
tions can be considered a characteristic/attribute, which improves housing quality, and
the market for solar homes has grown significantly due to generous incentive schemes
paid in the past, there is still limited evidence on the capitalization effect of residential PV
plants. Recent contributions in the literature have provided for the US real estate market
some estimates of the price premium (i.e., the additional price) for solar homes compared
to comparable homes not equipped with PV panels [17,27–31]: according to their findings,
solar homes add to home sale transactions from 3–4% to 17% of the median home sales
price.

Nonetheless, although the number of solar homes has experienced rapid growth in
Europe and Italy, literature investigating the impact of PV power plants on EU home
values is still very limited [32,33]. Thus far, literature has mostly contributed to measuring
the market impact of overall buildings efficiency, and there is little information on the
market value effect of PV panels’ installation. There is indeed a lack of market data
on sales transactions of solar homes. As the expected lifespan of a PV system is about
25 years, risk-averse homeowners invest if they expect to own the property during the
payback period. Consequently, many solar homes will likely enter the market in the
near future [34–36]. The strand of literature investigating the market price premium for
solar homes is even more limited concerning the Italian context [12,13]. Market price
premiums are usually estimated by implementing hedonic regressions, firstly prosed
by [37] Rosen (1974), which are grounded in the availability of datasets that provide home
characteristics (e.g., ground floor area, quality of finishes, year built, energy performance
certification, distance to the central business district, etc.), including the presence of PV
panels and relative market prices. There are no such datasets available in Italy; literature
focusing on the market price premium for solar homes is scarce [13]. This paper aims to
contribute to this literature and verify whether solar homes add (and how much) to sale
transaction prices. Nonetheless, due to the lack mentioned above of market data, it is not
currently possible to adopt revealed preference methods, and more specifically, hedonic
regressions, to estimate the market price premium for solar homes in Italian real estate
markets. Consequently, following [13], who proposed a contingent valuation study based
on stated preference data, we determine the general preferences towards solar homes
by a discrete choice experiment (DCE) based on responses of 240 homebuyers in Italy.
In detail, we estimate individuals’ willingness to pay (WTP) for different typologies of
residential PV plants, which vary in technical characteristics. As per the knowledge of
the authors, this is the second paper, in addition to [13], to estimate the price premium
of an installed PV system on a residential property, measured by stated choice data in
the Italian housing market, and it is the first implementing a discrete choice experiment.
Consequently, it expands existing knowledge for issues of ever-growing interest, such as
valuing and measuring preferences for solar homes. Our findings show that homebuyers
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are willing to pay a price premium, ranging from some 3% to some 15%, depending on PV
panels’ characteristics. These results can provide a wealth of recommendations to different
interested parties such as homeowners, homebuyers, realtors, and governments, seeking
knowledge on the capitalization effect of a residential PV plant on the housing market to
maximize their cost-benefit trade-offs and implement cost-effective investment strategies.

The remainder of the paper is structured as follows. Section 2 reports a literature
review on studies that are focused on market price premium estimation for solar homes;
in Section 3, the survey design and the methodology adopted are described; in Section 4,
results are presented and discussed; Section 5 provides main conclusions.

2. Related Literature

There is flourishing literature in the US focusing on the impacts of residential PV
plants on real estate markets. The most relevant contributions with respect to ours are
synthesized in what follows.

Ref. [17] implemented the hedonic price method and the repeat sales approach to
investigate whether solar homes in the San Diego and Sacramento areas (California) exhibit
higher sale transaction prices than homes that are not equipped with a PV plant. According
to their findings, the market price premium for solar homes ranged between 3% and 4%.
Higher price premiums are observed in communities featuring large shares of college
graduates and a vast number of registered Prius hybrid vehicles [17].

Ref. [27] estimated the marginal impact of PV plants on real estate sale prices in
California. A hedonic pricing model was implemented on a large dataset of home sale
transactions, approximately 72,000 observations, registered in 2000–2009. The estimated
market prices for solar homes ranged from USD/W 3.9 to USD/W 5.8. This evidence on a
market price premium was confirmed by [29], who examined 22,822 home sales in eight
US states in the period 2002–2013. They found that homebuyers are willing to pay average
premiums across the sample equal to USD 15,000 (i.e., USD/W 4) for an average-sized
3.6 kW PV plant.

Ref. [30] investigated the effect of the visual appeal of PV panels on consumers’
preference for residential PV panels. They administered two surveys to US residents,
the former of which focused on solar panels’ appearance (i.e., surface pattern, color, and
frame typology). In contrast, the latter focused on the trade-offs between panels, purchase
price, and functional performance. Their results reveal that panels’ appearance is relevant:
individuals prefer black panels and solar cells with rounded corners and even surfaces.
They are willing to pay higher prices for PV plants with a better-looking aesthetical
appearance.

Ref. [31] analyzed the impact of domestic solar energy systems on real estate market
prices in Arizona. They estimated the market price premium generated by analyzing a
dataset of 26,335 single houses listed for sale in Phoenix (Arizona). According to their
findings, the average premium for a solar home is about USD 45,000, which at a median
home value is equal to 15%. In addition, the transaction sales price premium is coincident
with a 17% increase at medium sales price.

Ref. [32] estimated people’s WTP for installing domestic PV plants in Eindhoven
(the Netherlands). Due to the lack of real market data, they implemented a DCE based
on responses of 227 homebuyers. Their results show that homebuyers’ preferences are
significant: PV systems exhibit the second-largest positive impact on the choice of dwellings,
PV systems are more appealing to home buyers in urban or central neighborhoods of
Eindhoven, and only 4% of respondents appreciate the aesthetic appearance of PV plants.
In addition, [32] measured the WTP for solar homes by direct surveying via an open-ended
question format. Their findings reveal that, on average, respondents are willing to pay a
price premium of EUR 5370 (in line with the PV system replacement value) for solar homes.
In contrast, only 22% of respondents are not willing to pay any price premium.

Ref. [33] adopted an adaptive choice-based conjoint approach to investigate the key
drivers influencing homeowners’ preferences for domestic rooftop PV plants in Switzer-
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land. Their results show that the country of origin and the color of PV modules were
the most important key drivers that attract homeowners’ investments. In addition, they
estimated that homeowners are willing to pay a premium of 21.79% for building-integrated
PV installation compared to a rack-mounted PV installation, confirming that aesthetic
appearance matters.

Ref. [13] conducted an open-ended contingent valuation study in Italy to estimate
the market price premium for a detached house equipped with two different PV plants,
constituted by monocrystalline and polycrystalline panels, respectively, but the same
installed power equal to 3 kWp. Their findings indicate that WTP ranges from about
EUR 4500 to EUR 6300 for monocrystalline and polycrystalline PV plants, respectively. The
relative average market price premiums are equal to 2.69% and 3.08%, respectively.

Among the above contributions, the closest to ours is [13]. Nonetheless, differently
from [13] and to complement their analysis, in this paper in line with [32] and [33], we
implement a DCE to account via more sophisticated modeling for the impact of different
attributes of PV plants on solar homes market price premium.

3. Materials and Method
3.1. Method

Due to the lack of real market data, a survey was conducted to collect stated preference
data. Consequently, actual behavior was not observed, but respondents were requested
to make choices based on several choice tasks, each containing hypothetical choice alter-
natives [38]. It is commonly agreed that individuals’ choices reflect their preferences over
different alternatives of goods and services [39]. A set of attributes characterized each
choice alternative, and each attribute assumed one of several levels that described ranges
of attribute variation across choice alternatives [38,40].

Based on random utility theory assumptions [41–43], let us posit that the utility Uikt
perceived by the respondent i for a given alternative k in the choice task t is a function of S
attributes, which characterize the k− th alternative as follows:

Uikt = Vikt + εitk (1)

where Vikt is the representative utility formulated by the researcher and εitk is the error
term, which captures factors that affect utility Uikt, but are not included in Vikt [44]. Vikt is
usually linear in parameters:

Vikt = ∑S
s=1 βsxsitk (2)

where xsitk is a vector of attributes, which defines the representative utility function and βs
is the marginal utility of the s− th attribute. Under the assumption that εitk follows a type
I extreme value distribution, the probability Pikt that respondent i selects choice alternative
k in choice task t is expressed in the multinomial logit model (MNL) as follows:

Pikt =
e∑S

s=1 βsxsikt

∑j e∑S
s=1 βsxsijt

(3)

The marginal utility coefficients βs are estimated by maximizing the log-likelihood
function [45]:

LL(β) = ∑N
i=1 ∑T

t=1 ∑K
k=1 yitkln(Pikt) =∑N

i=1 ∑T
t=1 ∑K

k=1 yitkln

(
e∑S

s=1 βsxsikt

∑j e∑S
s=1 βsxsijt

)
(4)

where N is the total number of respondents, T is the number of choice tasks, which
contain K choice alternatives, yitk is a dummy variable that assumes the value of 1 if
respondent i selects alternative k in the choice task t. A cost attribute, whose marginal
coefficient is denoted by βcost is inserted in the formulation of the representative utility
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function Vikt to estimate the marginal WTP related to each s-th attribute (s = 1, . . . , S; s 6= c).
The marginal WTP of the s-th attribute mWTPs is thus estimated as follows [40,46,47]:

mWTPs = −
βs

βcost
(5)

For the purpose of our study, the representative utility function Vikt is grounded into
two attributes: the former is related to the PV plant typology, and the latter is the cost
attribute, coincident with the asset’s hypothetical (contingent) market price. To estimate the
marginal WTP for each PV plant typology, attribute levels related to the PV plant typology
are dummy coded. The attribute level “NO PV plant” is chosen as the reference level, and
thus, its coefficient is set equal to zero [40,48]. The representative utility function is:

V = asc + βpl1dpl1 + βpl2dpl2 + βpl3dpl3 + βpl4dpl4

+βpl_5dpl_5 + βcostXcost
(6)

where asc is the alternative-specific constant of the representative utility function, βpl_1, βpl_2,
βpl_3, βpl_4, βpl_5 are the coefficients of the dummy coded attribute levels, dpl_1, dpl_2, dpl_3,
dpl_4, dpl_5 are the PV-plant-typology attribute levels, dummy coded, βcost is the cost coeffi-
cient, and Xcost is the cost attribute.

The experimental design procedure is then implemented to create the choice tasks
by combining PV-plant-typology attribute levels and cost attribute levels [40]. In detail,
it adopted the efficient design methodology, which ensures the statistical significance
of parameter estimates by simultaneously reducing the sample size to the minimum as
possible [49–54]. Using the NGENE software, 9 choice tasks were obtained, and the
minimum sample size of 80 respondents has been estimated.

3.2. Survey Design and Administration

Our survey aimed to investigate the effect of PV plants’ different technical character-
istics on WTP and elicit the WTP for domestic rooftop PV plants for solar homes. In this
DCE respondents played the role of the homebuyers of a hypothetical building and faced a
set of nine choice tasks. Each choice task involved choosing among two choice alternatives,
which refers to the hypothetical building equipped or not with different typologies of PV
panels. For each PV plant typology, the WTP was estimated in terms of the additional
price (i.e., the market price premium) that homebuyers are willing to pay for solar homes
compared to homes not equipped with PV plants. As in [13], the hypothetical building is a
200 m2 detached house with a private garden, built in the 90 s. This is one of Italy’s most
widespread building typologies [55,56], and the asset current market price is EUR 200,000.

We accounted for two attributes: “PV plant typology” and “cost.”
For attribute “PV plant typology,” we considered six attribute levels, namely the

absence of PV plant and five different plant typologies (Table 1). The five PV plants under
investigation differed in terms of technical characteristics, such as solar cells typology (i.e.,
monocrystalline, monocrystalline total black and polycrystalline panels), PV plant surface
(i.e., 13, 16, 22, and 26 m2), installed power (i.e., 3 and 5 kWp) and installation typology
(rooftop-integrated and rack-mounted PV plants). The relative rate of CO2 emissions
reduction and cost savings for each PV plant were estimated (Table 2). It is worth noting
that the PV plant selection was discussed in a focus group with a panel of experts (e.g.,
academics, engineers, and PV plants’ suppliers).
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Table 1. Attribute “PV plant typology” levels.

Attribute Levels

NO PV plant
PV plant #1
PV plant #2
PV plant #3
PV plant #4
PV plant #5

Table 2. PV plant typologies and related technical characteristics.

PV Plant Technical Characteristics

PV plant #1

Solar cells typology Polycrystalline
Efficiency 19%

PV plant surface [m2] 16
Installation mode Rack-mounted

Annual energy savings in monetary terms [€/year] 400
Annual CO2 emissions reduction [kg/year] 1910

Installed power [kWp] 3

PV plant #2

Solar cells typology Monocrystalline
Efficiency 23%

PV plant surface [m2] 13
Installation mode Rooftop-integrated

Annual energy savings in monetary terms [€/year] 400
Annual CO2 emissions reduction [kg/year] 1910

Installed power [kWp] 3

PV plant #3

Solar cells typology Total black
Efficiency 23%

PV plant surface [m2] 13
Installation mode Rooftop-integrated

Annual energy savings in monetary terms [€/year] 400
Annual CO2 emissions reduction [kg/year] 1910

Installed power [kWp] 3

PV plant #4

Solar cells typology Polycrystalline
Efficiency 19%

PV plant surface [m2] 26
Installation mode Rooftop-integrated

Annual energy savings in monetary terms [€/year] 550
Annual CO2 emissions reduction [kg/year] 3180

Installed power [kWp] 5

PV plant #5

Solar cells typology Polycrystalline
Efficiency 19%

PV plant surface [m2] 26
Installation mode Rack-mounted

Annual energy savings in monetary terms [€/year] 550
Annual CO2 emissions reduction [kg/year] 3180

Installed power [kWp] 5

In the contingent scenario, the levels of attribute “cost” represent the asset hypothetical
market price and relative market price premium regarding the hypothetical building if not
equipped with PV panels. The levels of attribute “cost” were selected according to [13].
They estimated the building’s market price premium in terms of respondents’ WTP for
different PV plants by implementing an open-ended format in a contingent valuation study.
They were seven cost attribute levels, and they were selected based on literature, [13]’s
findings, and discussion with the panel of experts [40]. The lowest cost attribute level
corresponds to the current market price of the hypothetical building equal to EUR 200,000;
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consequently, the lowest market price premium is equal to 0%. This cost attribute level
accounts for the event that respondents are not willing to pay an additional price for a
solar home, ceteris paribus. The cost attribute levels are reported in Table 3 and the market
price premiums ranges from 3% to 25% (i.e., 3%, 5%, 7%, 13%, 18%, and 25%). The highest
market price premium (i.e., 25%) accounts for the growing interest manifested by Italian
residents in investing in domestic PV plants [14], which is expected to increase further in
the near future [57]. The above price premiums are in line with the literature, especially
relative to the US context, where real market data are available, and the capitalization effect
of cost savings due to PV self-consumption is robustly proven [29–31].

Table 3. Cost attribute levels.

Market Price [EUR] Price Premium for the Solar Home

200,000 0%
206,000 3%
210,000 5%
214,000 7%
226,000 13%
236,000 18%
250,000 25%

The survey questionnaire was structured into five sections. In Section 1, the research
topic and aim are introduced to respondents to increase their knowledge on PV plants
and their engagement in the survey and motivate the research. Some information about
the effects of climate change and GHG emissions related to energy consumption is pre-
sented. The 2030 and 2050 European targets for the mitigation of climate change are
briefly described. In addition, respondents are informed that renewables, such as PV solar
energy, are a key factor in the energy transition from fossil fuels to renewables and the
benefits generated by PV production (e.g., GHG emission reduction, cost savings due
to self-consumption, etc.) are listed such as GHG emissions reduction and energy cost
savings on energy bills due to self-consumption. In Section 2, the valuation scenario is
presented, and a rendering of the detached house and a detailed description of the asset’s
characteristics are provided (Figure 1).
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Figure 1. Rendering of the reference building (source: our processing from [13]).

In Section 3, the contingent scenario and the PV plant typologies under investigation
are illustrated. In detail, it is explained to respondents that they have to play the role of a
homebuyer of the hypothetical detached house. In each choice task, they have to choose
among a set of two alternatives, in which the typology of installed PV plants (including the
absence of any PV plant) and the building’s market price vary.
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In Section 4, instructions to compile the survey and choice tasks are presented
(Figure 2). Finally, in Section 5, respondents’ sociodemographic characteristics are col-
lected (gender, age, educational attainment, and individual annual income).
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Figure 2. Example of choice task.

The survey was self-administered by computer-assisted web interviewing (CAWI)
and was conducted from October 2020–November 2020. The sample was randomly se-
lected by a survey company, which stratified the sample based on the most relevant
socio-demographics (e.g., gender, age, educational attainment, and income) related to the
2011 Italian census, and the questionnaire was administered to 400 Italian residents, aged
between 18 and 70 years. Finally, a set of 240 fully filled questionnaires was collected and
examined.

4. Results and Discussion

Descriptive statistics of the sample are reported in Table 4.

Table 4. Descriptive statistics of the sample.

Variable %

Gender
M 47.02%
F 52.98%

Age

18–29 22.84%
30–39 10.58%
40–49 15.34%
50–59 16.47%
60–70 34.77%

Educational Attainment

Middle school diploma 5.56%
High school diploma 35.38%

Bachelor degree 50.24%
Master degree/PhD 8.82%

Individual Annual Income

0–15,000 EUR 34.35%
15,001 €–28,000 EUR 37.13%
28,001 €–55,000 EUR 23.61%
55,001 €–75,000 EUR 2.80%

>75,000 EUR 2.11%

Some 47% of respondents were male, and 53% were female. Some 23% of respon-
dents were aged between 18 and 29 years, 10.58% of respondents were aged between
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30 and 39 years, 15% were aged between 40 and 49 years, 16.47% aged between 50 and
59 years, whereas respondents aged 60 years or more accounted for 34.77%. Some 6%
of interviewees have a middle school diploma, 35.38% have a high school diploma, and
50.24% have a bachelor’s degree, whereas some 9% of the sample have a master’s degree
or a Ph.D. As to age and educational attainment, the sample reflects population shares
in the country [58,59]. Some 34% of respondents reported an individual annual income
lower than EUR 15,000, some 37% reported an individual annual income ranging between
EUR 15,001 and EUR 28,000, 23.61% of respondents declared an individual annual income,
which ranges EUR 28,001 and EUR 55,000, whereas 4.91% report an individual annual
income greater than EUR 55,000 (of which 2.11% greater than EUR 75,000). These figures
mirror individual annual income shares in the country [60].

Model estimates were performed using Apollo R-package (Table 5).

Table 5. Model estimates.

Coefficient Estimate Standard Error t-Value

βpl_1 0.3065 0.1497 2.04 ***
βpl_2 0.8463 0.2898 2.92 ****
βpl_3 0.9178 0.2776 3.31 ****
βpl_4 1.4963 0.3828 3.91 ****
βpl_5 1.4897 0.512 3.10 ****

NO PV plant: Reference level (set to 0)
βcost −0.4936 0.096 −5.14 ****
asc −0.3691 0.1462 −2.52 ****

LL(start): −430.4444, **** p < α = 0.01; LL(0): −430.4444, *** p < α = 0.05. LL(final): −398.6698. Pseudo R-square
(0): 0.0738. Pseudo Adj.R-square (0): 0.0576.

From direct inspection of Table 5, it emerges that estimated coefficients are statisti-
cally significant (i.e., α = 5%). According to our findings, PV plant typology #4 is the
most appreciated (βpl_4 = 1.4963), whereas PV plant typology #1 is the least appreciated
(βpl_1 = 0.3065). All the estimated coefficients βpl are positive. This suggests that individu-
als perceive an increase in their utility level due to solar technologies, and consequently,
they are willing to pay for solar homes.

Equation (5) mWTP for each PV plant typology was estimated, and subsequently, to
compare results with literature findings, the relative market price premiums have been
computed (Table 6).

Table 6. WTP figures for different PV plant typologies.

PV Plant Typology mWTP [EUR] Price Premium [%]

PV plant #1 6209 3.10%
PV plant #2 17,145 8.57%
PV plant #3 18,594 9.30%
PV plant #4 30,314 15.16%
PV plant #5 30,180 15.09%

From direct inspection of Table 6, it can be easily shown that PV plant typology
#4 exhibits the highest mWTP (i.e., EUR 30,314). In contrast, the minimum mWTP (i.e.,
EUR 6209) was related to PV plant typology #1. In percentage terms, estimated market
price premiums ranged from 3.10% to 15.16% for PV plant typology #1 and PV plant
typology #2, respectively. These results were in line with the existing literature, according
to which market price premiums for solar homes vary in the range of 3–15% [13,17,31].
Generally speaking, the greater the installed power, the higher the individuals’ willingness
to pay: the WTPs for PV plant typology #4 and #5 were the highest (i.e., EUR 30,314
and EUR 30,180, respectively). It is worth noting that the higher the installed power, the
higher the energy cost saving (e.g., the mWTP for PV plant typology #5 was higher than
the mWTP for PV plant typology #1). Consequently, individuals do care about panels’
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energy performance and potential energy savings. In addition, rooftop-integrated panels
are preferred to some extent to rack-mounted PV panels, energy savings being equal (e.g.,
EUR 30,314 vs. EUR 30,180 for PV plant typology #4 and #5, respectively).

Responses to follow-up questions confirmed these results. Respondents were asked to
rank from most to least preferred the following characteristics of the attribute “PV plant
typology”: solar cells typology, installation mode, annual energy (costs) saving, and annual
CO2 emission reduction. According to these responses, the most valued characteristic of
PV panels was energy efficiency. It generated cost savings (ranked as first by some 67%
of respondents). In contrast, the plant’s aesthetic appearance associated with the panels’
mode of installation (rooftop-integrated vs. rack-mounted) is of minor relevance in terms
of preferences, ceteris paribus. Surprisingly, GHG emission reduction is not considered
of major importance (ranked as last by some 52% of respondents), thereby revealing that
environmental awareness is still limited compared to Government’s expectations, and
information campaigns are still necessary. Finally, panel color was considered of negligible
importance (i.e., black panels are not perceived as a significant technological improvement).

5. Conclusions

PV generation in Italy has rapidly grown in the last decades due to generous incentive
schemes introduced by the Government starting from 2012. When introduced, these
incentives favored investments and made PV plants attractive for small private investors
in the residential sector. Although still limited due to the lack of market data on sales
transactions of solar homes, which are expected to enter the market more consistently
in the near future, there is evidence in the literature that the wealth of economic and
environmental benefits generated by solar technologies and PV energy production are
capitalized into solar homes market prices. As this lack of data is most challenging in
Italy than elsewhere in the EU, to contribute to the extremely scarce literature focusing
on the market price premium for solar homes, we implemented a DCE approach and
estimated individuals’ WTP for different typologies of domestic PV plants, which vary in
technical characteristics. The market price premium for solar homes was then calculated
to verify whether solar homes sell for more compared to homes not equipped with PV
plants. Our results reveal that individuals are willing to pay higher prices for solar homes
compared to homes not equipped with PV plants, ceteris paribus. The estimated market
price premiums are coherent with international literature findings and range from some
3% to some 15%. The percentages are in line with other similar studies conducted in
the literature. According to our findings, the greater the installed power, the greater the
WTP, and the minor the perceived impact of the panels on the aesthetic appearance of the
building, the greater the WTP. Responses to follow-up questions confirm that individuals
value the most monetary savings generated by energy self-consumption; by contrast, GHG
emission reduction attributable to PV generation is not considered of major importance.

Our results can have interesting implications for both real estate investors and policy-
makers. As to the former, due to the capitalization effect of PV generation and increasing
environmental awareness, PV plants can positively impact the demand for second-hand
houses and affect real estate market returns. As to the latter, our findings can inform policy
incentive design, thereby avoiding introducing excessively costly incentive schemes for
society as a whole. In the case at hand, the issue of optimal incentive design to RES, in
general, and PV energy is ever more challenging nowadays. The overarching goal of the
European Green Deal of making Europe climate neutral by 2050 is de facto posing PV
production at the core of a fast energy transition in many EU countries.

The limitations of our DCE are common to stated preference methods. Hypothetical
bias is often a documented limitation in DCEs. Respondents may de facto assume a
strategic behavior in expressing WTP values in contingent markets, and consequently,
elicited WTPs may be higher than those observed in regular marketplaces. This issue is
largely debated in the literature. The definition of a credible choice scenario on a well-
defined good combined with an efficient survey design has proven to reduce hypothetical
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bias. In addition, estimates based on stated preference data call for considering the trade-
offs between the uses of parsimonious vs. more complex models carefully. In this respect,
the Multinomial Logit Model implemented here does not account for heterogeneity in
preferences, which are unrelated to observed characteristics.

Nonetheless, regardless of the limitations mentioned above, DCEs have been suc-
cessfully implemented when there is a lack of observations on market transactions under
the desired conditions. Compared to other stated preference methods, DCEs encourage
respondents to focus on the trade-offs between different characteristics of the good under
investigation. According to a precautionary approach to real estate appraisal, it is reason-
able to assume that our estimated market price premiums for solar homes may represent
an upper bound of sale transaction prices.

Future research will include implementing a mixed multinomial logit model to capture
the heterogeneity of preferences and a new survey to test whether WTP figures are affected
by buildings typology. It is worth noting that existing literature on the market price
premium for solar homes considers rather exclusively detached homes. In this respect, we
aim at administering an analogous survey format by varying, nevertheless, the hypothetical
building under investigation and assuming it is, e.g., a semi-detached home, or terraced
home, or condominium.
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