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Hedonic models of housing prices face the risk of omitted variable bias due to the
challenge of controlling for all relevant property attributes. The level of household
financial assets is a key but underexplored control that may help to account for some
of these difficult-to-observe property characteristics. Using large Australian household
surveys, we find that controlling for household financial assets reduces the observed
effect of having solar photovoltaic panels on housing prices. The elasticity of estimated
housing price with respect to solar capacity is 0.09 for households with solar panels.
Controlling for financial assets may be of use in other studies seeking to estimate the
effect of home additions on housing prices.

Key words: financial assets, hedonic pricing, housing, location, solar.

1. Introduction

Which housing attributes contribute substantially to housing prices? The
main search screens of online real estate websites typically display the
location, number of rooms and the housing type (house/townhouse/unit) for
each property. The list of other relevant attributes is likely to be long.
Researchers face a challenge when estimating hedonic housing price models
as many housing characteristics are not included in available data, introduc-
ing potential sources of omitted variable bias. In this paper, we investigate
this issue for the case of solar photovoltaic panel installations in Australia.
There are multiple benefits from having rooftop solar. Solar panels provide
households with access to self-generated electricity and feed-in tariff revenue,
which help to reduce electricity bills. It is estimated that Australian
households with a solar photovoltaic (PV) system on average save A$538
on electricity bills per year relative to non-solar households (ACCC, 2018).
This in turn contributes to a substantial reduction in energy-related financial
stress (Best & Burke, 2019). Other benefits include contributing to emissions
reductions and the ‘warm glow’ feeling from taking environmentally friendly

+ Rohan Best (email: rohan.best@mgq.edu.au) is a Senior Lecturer at Department of
Economics, Macquarie University, Sydney, New South Wales, Australia. Paul J. Burke is an
Associate Professor at Crawford School of Public Policy, Australian National University,
Canberra, Australian Capital Territory, Australia. Rabindra Nepal is a Senior Lecturer at
School of Accounting, Economics and Finance, University of Wollongong, Wollongong, New
South Wales, Australia. Zac Reynolds is a Casual Academic at Department of Economics,
Macquarie University, Sydney, New South Wales, Australia.

© 2021 Australasian Agricultural and Resource Economics Society Inc.
doi: 10.1111/1467-8489.12431


https://orcid.org/0000-0002-9333-6149
https://orcid.org/0000-0002-9333-6149
https://orcid.org/0000-0002-9333-6149
https://orcid.org/0000-0003-2715-2672
https://orcid.org/0000-0003-2715-2672
https://orcid.org/0000-0003-2715-2672
https://orcid.org/0000-0001-9378-6206
https://orcid.org/0000-0001-9378-6206
https://orcid.org/0000-0001-9378-6206
https://orcid.org/0000-0002-2746-6025
https://orcid.org/0000-0002-2746-6025
https://orcid.org/0000-0002-2746-6025
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1467-8489.12431&domain=pdf&date_stamp=2021-05-04
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actions (Andreoni, 1990; Ma & Burton, 2016). Some solar panel installations
also look good and therefore improve the aesthetic value of the property,
although this is not always the case.

In Australia, small-scale residential solar systems are typically not removed
from rooftops at the time of sale, instead being transferred as an asset to the
new owner. From a theoretical point of view, the installation of solar PV
panels should thus be expected to increase a home’s sale value by the present
value of the future net benefits of the solar panels, provided that the market is
adequately informed and makes accurate calculations. Note that portable
micro solar PV systems such as for outside lights are not measured in the
surveys and are not included among the solar systems being analysed.

The effect of solar installations on housing prices is of interest to both
market participants and policymakers. Homeowners may be interested in
their ability to capitalise the investment into their home’s sale price. Of
interest to policymakers is that a positive effect means that solar PV
promotion policies would carry inequality implications that get passed along
in the form of higher housing prices. Higher housing prices due to solar
installations would make it even harder for first homebuyers to enter the
market. If these installations have been incentivised by solar subsidies or
other interventions, this would be of public policy concern.

Australia is a global frontrunner in the installation of solar PV, with its high
insolation rates being well suited to the technology (Zander ef al., 2019).
Indeed, Australia has the highest per capita installation level of solar PV in the
world (644 watts as of the end of 2019) (IEA, 2020). The rooftop installation
rate is particularly high, with more than one in five dwellings having rooftop
PV in all states and territories other than Tasmania as of September 2020
(APVI, 2020). One particular characteristic of the Australian context is that
the premium feed-in tariffs made available in early years typically expire on
transfer of property ownership. For these homes, part of the benefit of solar
PV installation would thus not be expected to flow through to a housing price
premium. However many households have installed solar panels in the period
since the discontinuation of the early feed-in tariff schemes.

The main methodological contribution in this paper is the introduction of a
household financial asset control in hedonic regressions. The rationale for
doing so is that financial assets reflect households’ underlying abilities to
invest in home improvements and amenity, and are thus likely to be
correlated with various difficult-to-observe property attributes. Controlling
for financial assets thus has the potential to reduce the size of potential
omitted variable bias. Other socio-economic characteristics, such as income,
may be less effective at doing so given that assets are a more fundamental
measure of a household’s ability to invest (being an accumulated stock rather
than a flow). The results suggest that a financial asset variable appears to be a
highly useful control when estimating the effect of home improvements on
housing values. We also use a component of financial assets, the superan-
nuation (private pension) balance, in some regressions.
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Rooftop solar and housing prices in Australia 495

Several measures of household solar panel installations are used in the
study. The first is a binary variable for solar PV uptake. The second is a
binary variable for solar PV systems larger than 3.5 kilowatts, the average
household system size across two Australian surveys (ABS, 2017, 2019). We
also use a 2.5-kilowatt cut-off in some regressions. The paper also uses log
solar capacity and the inverse hyperbolic sine (IHS) transformation of solar
capacity. We control for the lagged local-median housing price for both
stand-alone houses and attached dwellings to help to separate the impact of
solar panels from location effects.

2. Prior studies

2.1 Energy effects on real estate values

There has been strong interest in the link between energy-related investments
and housing-sector outcomes. Holtermans and Kok (2019) found that higher
rents can be charged for office buildings that have green certification. Green
office buildings have been found to receive a price premium of about 16 per
cent in the United States (Eichholtz et al., 2010). Zhang et al. (2020) found
that green hotels can charge around 6.5 per cent more for rooms without a
reduction in occupancy rates. Chegut et al. (2020) analysed professional
appraisals of rental housing, finding that energy efficiency has become
important for valuations in more recent periods.

There is a well-developed literature on the willingness to pay for energy-
efficient homes by homeowners. It has been found that ‘green’ (energy-
efficient) homes attract a price premium of approximately 4 per cent in
countries such as the United States or Singapore (Brounen & Kok, 2011; Deng
et al., 2012; Kahn & Kok, 2014). Walls et al. (2017) examined the housing
price premium associated with Energy Star and green certification for
homeowners in three U.S. metropolitan areas. They found that Energy Star
certificates on average increase the sale price of homes by about 2 per cent.
Green home certification was found to be even more valuable, on average
adding approximately 4 per cent to housing prices. Yoshida and Sugiura
(2015) analysed multiple green factors and their effects on condominium
prices. Shen et al. (2020) found that dwellings with an air source heat pump
attracted a house price premium of up to 7 per cent in the United States.

Prior studies have found a range of results on the effects of solar panels.
Using housing data for San Diego and Sacramento, Dastrup et al. (2012)
found that solar PV systems add approximately 3.5 per cent to the sale price
of a house. Hoen et al. (2013) found that the solar PV premium in California
is smaller for new homes. In Arizona, a housing price premium of around 15
per cent has been found for solar panels (Qiu ez al., 2017). The exact
magnitude of the effect should be expected to be a function of the level of
housing prices, the retail price of electricity and other factors such as the solar
feed-in tariff.
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496 R. Best et al.

Three prior studies have looked at the effect of binary measures of having
solar panels on housing prices in Australia. Ma et a/l. (2016) found premia at
the time of sale of 2-3 per cent in Western Australia using hedonic methods
and a repeat-sales model. They concluded that the cost of installing solar PV
systems is fully recouped by the homeowner through the higher housing price.
Fuerst and Warren-Myers (2018) found an insignificant effect in the
Australian Capital Territory. Lan er al. (2020) found a solar PV premium
of around 4 per cent for house prices in southern Queensland. Our paper is
the first to study the Australian market more broadly and to focus on impacts
related to the size of solar systems.

2.2 Estimation approaches

A typical approach to the estimation of attribute values is to use a hedonic
pricing function (Abelson et al., 2013; Dastrup et al., 2012; Kahn & Kok,
2014; Ma et al., 2016; Qiu et al., 2017; Walls et al., 2017). This involves
regressing the sale price of a home on a set of structural and environmental
characteristics. A challenge is to incorporate sufficient explanatory variables
to reduce the likelihood of omitted variable bias. The effects of solar panels
might otherwise be confounded with the effects of other home attributes such
as energy efficiency investments or the quality of home maintenance.

Locational effects are also relevant to consider: the sale price of a home is
likely to be highly correlated with the sale prices of nearby homes
(Wilhelmsson, 2000). Such effects can be accounted for via spatially
dependent estimation approaches, which help to reduce the risk of omitted
variables. Alternatively, locational variables can be included as controls (Best
et al., 2019a).

An alternative to a cross-sectional hedonic estimate is to use a repeated-
sales model. This involves examining the average difference in price between
two points in time for houses that have a new PV system and those that do
not. A drawback is the need for housing sales data covering both before and
after solar PV installations. The approach also relies on the assumption that
the quality of the homes has not changed over time in a way that is correlated
with the decision to install solar panels (Hansen, 2009).

The availability of price data from housing sales forms a constraint. An
alternative is to use homeowner estimates of housing values, although these
are not fully accurate (Bauer et al., 2011; Doiron & Guttmann, 2009; Headey
et al., 2005; Marks et al., 2005). Kiel and Zabel (1999) found that the average
homeowner in the United States overestimates the value of their home by
about 5 per cent. For Australia, Melser (2013) concluded that homeowners
overestimated the value of their homes by approximately 2.5 per cent over
2001-2010. It is possible that homeowner misestimation may be correlated
with factors such as the decision to install solar panels.

An approach to limit the extent to which homeowner valuation errors
influence estimation results is to control for factors that may be correlated

© 2021 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR L 31 89S " [7202/70/9T] U0 ARIGITBUIUO ABIIM *AYYHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN Ad TEFZT 688-L97T/TTTT OT/I0p/L0d 8|1 Akeiq 1 putjuo//Sdny woj papeo|umod ‘€ ‘TZ0Z ‘6878L9rT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



Rooftop solar and housing prices in Australia 497

with valuation errors, such as socio-economic and demographic factors. For
Australia, Melser (2013) found that the ages of homeowners and size of the
household influence the degree of misestimation. Older homeowners were
found to provide more modest estimates of their house’s value. All else equal,
wealthier households (as proxied by the physical size of their residence)
tended to be more likely to overestimate the value of their home.

Socio-economic controls are often included in hedonic studies in an
attempt to account for differences in the purchasing power of households.
For instance, income is often included given that higher-income households
are likely to be able to better afford various home improvements (Pommeranz
& Steininger, 2020). We argue that household financial assets are perhaps
even more important given that they are the stock of liquid resources that can
be used for investments (Steegmans & Hassink, 2017). We thus introduce
financial asset measures into the control set.

3. Method and data

3.1 Model and variables

We use the following hedonic model:
lnD{; = +dS,+ T + Ly + Hyd + 00’ + 410 + P € + 5 Fy+ 8,’1 (1

The dependent variable is the log of the housing price. We use the j
superscript to distinguish between separate regressions for actual and
estimated housing prices. We apply this pooled cross-sectional model to
large samples of data at the household (/) level.

The explanatory variables include a solar PV variable (S), a vector of
location variables (L), the T vector that incorporates time effects, a vector of
housing attributes H, a vector of socio-demographic characteristics O, labour
force characteristics A, population subgroup measures P and financial assets
(F). We do not consider the effect of solar thermal installations for water
heating. We use the inverse hyperbolic sine (IHS) transformation for the
disposable income and financial asset variables to avoid dropping households
with zero or negative values for these variables. We progressively add groups
of variables and evaluate the impact of each group. & is the error term.

The time vector includes variables for the year of the most recent home
purchase, the quarter of the survey interview and a binary variable to
distinguish between the two survey periods. The location vector includes
region dummies. There are also variables that measure the logs of median
house and attached-dwelling values in local areas. Housing attributes include
the number of bedrooms and the dwelling type (i.e. stand-alone house,
apartment). Socio-demographic characteristics include respondent age, gen-
der and the highest education level achieved. There is also a variable for the
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number of people in the household. Further, there are binary variables for
family composition and for having a home mortgage.

Labour force variables are controlled for to account for the employment
status of the respondent and household disposable income. Binary variables
are also included for each of five population groups relative to an excluded
‘other’ group. The five groups are employees, entrepreneurs, age pensioners,
other government transfer recipients and self-funded retirees.

3.2 Data and key relationships

Most of the variables are drawn from the Survey of Income and Housing of
the Australian Bureau of Statistics (ABS) for 2015-16 and 2017-18 (ABS,
2017, 2019). These surveys cover different samples of households and are
intended to be nationally representative. Households were selected randomly
for each survey. The 2015-16 survey covered 17,768 households. The 2017-18
survey covered 14,060 households.

The dependent variables are based on survey questions that ask the
respondent to provide an estimated sale price of the dwelling and also the
actual price for dwellings that were purchased or built in the three years prior
(approximately 15 per cent of dwellings). Key explanatory variables are based
on the existence of solar systems and their size. We control for median
housing price at various statistical area (SA) levels from an alternative ABS
source (ABS, 2018) as an explanatory variable. We use the SA2-median price
for stand-alone houses and the SA4-median price for attached dwellings.

We combine the two surveys and include a survey binary variable. We
exclude renters as they were not asked to estimate their housing price value in
the surveys. We use the available survey probability weights to weight each
household according to how many other households are represented by each
household. Household weights are calibrated to be representative of the
Australian population, taking into account the state or territory of residence,
whether a household is in a capital city and household composition factors
including the number of adults and whether there are children in the
household. Descriptive statistics are shown in Table 1.

Figure 1 uses APVI (2020) data to show that the size of new small-scale
solar installations in Australia has varied over time. Attention in this
Figure is limited to systems of up to 9.5 kilowatts as this has been the relevant
range for the great majority of household systems to date. As of 2012, most
new small-scale installations were smaller than 2.5 kilowatts. The proportion
of systems of 6.5-9.5 kilowatts was close to zero. Systems in the 2.5-4.5
kilowatt range then briefly became the most popular for new additions,
before systems in the 4.5-6.5 kilowatt range became the most popular during
2015-2018 and then 6.5-9.5 kilowatt systems. At the end of 2016, around 82
per cent of the cumulative installation of systems below 2.5 kilowatts were
systems that had been installed in 2012 or earlier.
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Rooftop solar and housing prices in Australia 499
TABLE 1 Variable descriptions and statistics
Variable Description Mean
Dependent
Housing price (est.) Estimated sale price of dwelling in Australian dollars. 600,533
Housing price (actual) Purchase price for dwellings that were purchased or 526,114
built within the three years prior to the survey, in
Australian dollars. These transactions occurred, on
average, 1.5 years earlier than the estimation of
housing price for the variable in the row above.
Solar
Solar uptake Solar photovoltaic (PV) panel uptake (yes = 1). 0.24
Solar uptake, medium Solar PV panel uptake greater than 2.5 kilowatts 0.17
and large systems (yes = 1).
Solar uptake, large Solar PV panel uptake greater than 3.5 kilowatts 0.09
(yes = 1).
Solar capacity Solar PV capacity in kilowatts (full sample). 0.84
Time
Year purchased The year the dwelling was purchased. We group years 2001
dwelling for regression results into categories: unspecified, before
1980, 1980-1999, 2000 or later. The mean is in terms of
the ungrouped year.
Quarter of survey The quarter of the survey interview. 2.6
Wave We use a binary variable to distinguish between the two 15.9
surveys. The mean refers to either ‘15" or ‘17’ for
2015-2016 or 2017-2018, respectively.
Location
Region There are 29 regions: four for each of six states plus the n/a
Northern Territory, and one for the Australian Capital
Territory. The four regions within states and the
Northern Territory are major urban, other urban,
bounded locality and rural balance.
Median house price The median house price in a Statistical Area Level 2 in 487,182
Australian dollars. This is for stand-alone dwellings
only. It was for transactions in 2014, a lagged year to
reduce concerns over reverse causation.
Median price of The median attached-dwelling price in a Statistical Area 341,000
attached dwellings Level 4 in Australian dollars. We use SA4 data for
attached-housing prices because more local levels of
data produce more missing values as some small areas
have few attached dwellings. The variable is for
transactions in 2014, a lagged year to reduce concerns
over reverse causation. The results tables refer to ‘unit
price’ to save space.
Housing attributes
Number of bedrooms  The number of bedrooms in a dwelling. 3.32
Dwelling type Ten categories of dwelling structure including one n/a
category of separate houses, two of semi-detached,
four categories of flats/units/apartments and three
categories listed as ‘other’ (which include houseboats,
for example).
Socio-demographic
Age of respondent The age of the respondent who answered the survey on 57.14

behalf of the household (in years).
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500 R. Best et al.

Table 1 (Continued)

Variable Description Mean
Gender A binary variable equal to one for male respondents. 0.59
Education level The level of highest educational attainment for the 5.91

respondent in 13 categories from ‘Year 8 or below
including never attended school’ to ‘Postgraduate
degree’. Seven of the 13 categories are for types of
post-school qualifications.

Family composition Ten categories of family composition. n/a
Number of people The number of people in a household. 241
Mortgage A binary variable equal to 1 for households who own 0.51

their dwelling with a mortgage.
Labour force
Employment status The labour force status of the household reference n/a
person in three categories (employed/unemployed/not in
the labour force).
Disposable income Disposable income on average per household per week 1,702.25
for the current financial year in Australian dollars.
Population group
Population group Six population groups: employees, entrepreneurs, age n/a
pensioners, other government transfer recipients, self-
funded retirees and other.
Financial assets

Financial assets The value of total household financial assets in 510,631
Australian dollars.
Private pensions The total value of superannuation funds at the 259,214

household level in Australian dollars. ‘Superannuation’
is the word used to describe private pension balances in
Australia.

Note: The sample size is 19,091 except for actual housing values: there were 2,922 households with
transactions in the three years leading up to the surveys. For these 2,922 dwellings, they estimated (current)
sale prices as A$586,414, which is just below the average for the full sample. Further details on categorical
variable codes are available in the source data (ABS, 2017, 2019).

Figure 2 shows that surveyed households with solar panels on average have
higher estimated and actual housing prices than households without, with a 6
per cent premium in both cases. This is without considering any controls. It is
likely to be an overestimate given that the ability to install solar panels is
positively correlated with the ability to invest in other housing attributes.

Figure 2 also reveals that estimates of housing prices are on average 11.5
per cent higher than actual prices. This is true for both solar and non-solar
households. As mentioned, actual prices are based on transactions over the
three years prior to the survey. As a result, estimated prices may be higher
because respondents are incorporating annual growth into their estimates (of
approximately 8 per cent per year for 1.5 years on average). Estimated sale
prices thus appear to be reasonable proxies of actual sale prices (in terms of
the overall averages at least). We also control for socio-demographic and
economic factors in Section 4 to capture any systematic differences related to
other variables.
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FIGURE 1 Proportion of monthly new solar installations for four size categories up to 9.5

kilowatts.

Based on APVI (2020) data.

600

=)

o

o

& 400

(0]

=}

©

>

(@)

£

2

3 200 1

0- . -
Estimated Transacted

I o solar
[ Solar

FIGURE 2 Average housing values in thousands of Australian dollars. The left two bars show
values estimated by homeowners. The right two bars are actual prices for transactions within
three years prior to the survey based on a sample of 2,922 households with data for transacted
prices. Based on ABS (2017, 2019) data.

Figure 3 shows the association between the size of solar systems and

housing

values. Housing values are higher for households with large solar

systems relative to households without solar systems, but this is not the case
for households with small solar systems. Regression results in Section 4
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502 R. Best et al.

control for other variables such as the number of bedrooms and the financial
asset measure.

Figure 3 does not account for efficiency differences in solar panels resulting
from degradation in solar system performance over time. Unfortunately, data
unavailability means that we are unable to control for the age of household
solar PV systems. However smaller systems tend to be older, as suggested by
Figure 1. Our primary focus will be on the housing price premium for larger
systems (i.e. > 2.5 kilowatts), which are relatively more popular these days.

3.3 Hierarchical and location variables

Each regression controls for the locational region via the use of binary
variables. Australia has eight states/territories. Other than the Australian
Capital Territory, each is divided into four regions. This gives a total of 29
regions.

We control for the median housing prices at the local level for stand-alone
houses and attached dwellings, a relatively concise way to capture unobserved
locational effects. We use the SA2 median for stand-alone housing. SA2 areas
on average contain approximately 5,000 households. For attached dwellings,
we use the SA4 level, which generally covers over 100,000 households
(because finer scales of aggregation result in problems with missing values).
Both variables use 2014 transaction data. Use of data for a lagged year helps
to reduce concerns over reverse causation from a single housing price to the
area median.

800

6004 [ ]

400

200

Estimated dwelling value ($°000)

0 1 2 3 4 5 6 7
Solar capacity (kW)

FIGURE 3 Estimated dwelling sale price in thousands of Australian dollars by installed solar
capacity. Solar capacity is rounded up to the nearest integer. The final category of ‘7’ includes
systems above 7 kilowatts. Based on the sample of 19,091 households. Source: based on ABS
(2017, 2019) data.

© 2021 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR L 31 89S " [7202/70/9T] U0 ARIGITBUIUO ABIIM *AYYHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN Ad TEFZT 688-L97T/TTTT OT/I0p/L0d 8|1 Akeiq 1 putjuo//Sdny woj papeo|umod ‘€ ‘TZ0Z ‘6878L9rT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



Rooftop solar and housing prices in Australia 503

3.4 Financial assets

Financial assets are assets held with financial institutions, shares, trusts, silent
partnerships, bonds, the net value of businesses, superannuation funds, loans
to persons not in the same household and other financial investments.
Liabilities such as mortgages are not deducted from the financial asset
variable.

Including a financial asset control is a way of seeking to indirectly control
for other housing attributes that may be relevant for housing values, as
households with larger financial asset balances would be able to afford to live
in housing with superior attributes. Without such a control, one may
overestimate the relevance of any one positive housing attribute on housing
prices.

Figure 4 shows the substantial difference in the financial assets of solar and
non-solar households. Financial assets are approximately 18 per cent higher
for households with solar panels compared to those without. Private pension
balances for households with solar panels are around 32 per cent higher.
These differences are consistent with prior studies that find that wealthier
households are more likely to install a solar system (Best et al., 2019b; Best &
Triick, 2020).

A downside of including a financial asset control is the risk of reverse
causation. Those who spend more on houses (including solar installations)
have less available to save in liquid assets, as different assets are substitutes
within a given total wealth portfolio. It is also possible that a third variable,
such as wealth-generating ability, is correlated with both financial assets and
the value of the primary residence. Controlling for variables such as income
and education lowers this risk.

We also describe robustness tests that use private pension account balances
instead of financial assets. The compulsory nature of superannuation in
Australia means that this variable is less affected by decisions to invest in
housing, noting that only a minority of households make voluntary top-up
contributions to their superannuation accounts. We mention a robustness test
in Section 4 that only includes households for which the respondent was
below 50 years of age, as younger respondents are less likely to make
voluntary superannuation contributions for reasons including that retirement
is more distant.

The calculation of financial assets may involve measurement error;
however, an ameliorating factor is that survey respondents are not required
to do the addition across financial asset components themselves. Instead, the
ABS does an addition based on 12 separate financial asset questions.

4. Results

Column (1) of Table 2 reports a positive and significant coefficient for the
binary solar variable in explaining the log of estimated housing prices in an
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FIGURE 4 Average asset values in thousands of Australian dollars. The left two bars show
values for financial assets. The right two bars are for private pension balances (known as
superannuation balances in Australia). The values are based on the sample of 19,091
households. Source: based on ABS (2017, 2019) data.

TABLE 2 Results explaining the log of estimated housing price

(M 2 3) “ (%)
Solar panels, binary 0.036%** 0.054%%* 0.032°%%* 0.030%** 0.013
(0.009) (0.007) (0.009) (0.009) (0.009)
Number of bedrooms 0.225%%* 0.191%%* 0.185%** 0.177%%* 0.164%**
(0.0006) (0.005) (0.008) (0.008) (0.008)
Log house price (SA2) 0.845%** 0.863%** 0.8517%** 0.804%**
(0.012) (0.015) (0.015) (0.015)
Log unit price (SA4) 0.102%** 0.113%%* 0.107%** 0.128%%*
(0.020) (0.025) (0.025) (0.024)
Disposable income (THS) 0.039***
(0.005)
Financial assets (IHS) 0.0517%%*
(0.003)
Other attributes
Location Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes
Housing Yes Yes Yes Yes Yes
Probability weights No No Yes Yes Yes
R 0.385 0.632 0.647 0.652 0.669

Note: *** ** and * show statistical significance at 1, 5 and 10 per cent levels, respectively. Robust standard
errors are in parentheses below the coefficients. The sample size is 19,091 in each column. The online code
also includes coefficients for constants and the other controls, as specified in Table 1 under the location,
time and housing attributes headings. IHS=inverse hyperbolic sine.

estimation that only includes a limited control set. Column (2) controls for
the log of the median local housing price measures, which increases the
explained variation substantially. The binary solar coefficient increases to just
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TABLE 3 Results using medium and large solar systems (>2.5kW) to explain the log of
estimated housing price

Q) (@) (©) 4 ®) (6)

Solar panels, >2.5kW 0.046***  0.073*%** (0.054*** (0.052*¥** (0.035*** (.019**
(0.010) (0.008) (0.010) (0.010) (0.010) (0.010)

Number of bedrooms 0.225%**  0.190*%**  0.185%** (0.176*** 0.163*** (0.150***
(0.006) (0.005) (0.008) (0.008) (0.008) (0.008)

Log house price (SA2) 0.846***  (0.864*** (.852%** (.805%** (.773%**
(0.012) (0.015) (0.015) (0.015) (0.015)

Log unit price (SA4) 0.103*** Q.113***  0.107*** 0.128%** (.141***
(0.020) (0.025) (0.025) (0.024) (0.024)

Disposable income (IHS) 0.039*** 0.020***
(0.005) (0.005)

Financial assets (IHS) 0.050***  0.036***

(0.003) (0.003)
Other attributes

Location Yes Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes Yes
Housing Yes Yes Yes Yes Yes Yes
Socio-demographic No No No No No Yes
Labour force No No No No No Yes
Population group No No No No No Yes
Probability weights No No Yes Yes Yes Yes
R 0.385 0.633 0.648 0.652 0.670 0.685

Note: *** ** and * show statistical significance at 1, 5 and 10 per cent levels, respectively. Robust standard
errors are in parentheses below the coefficients. The sample size is 19,091 in each column. The online code
available through the Supporting Information also refers to coefficients for constants and the other
controls, as specified in Table 1 under the location, time, housing attributes, socio-demographic, labour
force and population group headings. IHS=inverse hyperbolic sine.

below the initial association identified in Figure 2. Column (3) uses
probability weights, which reduces the solar coefficient. In column (4) we
also control for the disposable income variable (constructed using the IHS
transformation). The solar coefficient does not change substantially.

Column (5) of Table 2 adds the financial asset variable, expressed using the
IHS transformation. The solar coefficient declines substantially and switches
to being statistically insignificant. Robustness tests (available through the
code in the Supporting Information section) using private pension balances
instead of financial assets also lead to a lower point estimate for the solar
coefficient, including when restricting the sample to respondents under the
age of 50. The insignificant point estimate of 0.01 is still relatively large when
it is considered that housing prices in Australia are quite high. 1 per cent of
the median housing value of approximately A$600,000 in Figure 2 corre-
sponds to approximately A$6,000.

Table 3 focuses on potential impacts of medium and large solar systems,
which have become more popular in recent years. Solar PV systems larger
than 2.5 kilowatts have a positive and significant effect at the 1 per cent level
up to column (5), with the magnitudes of the solar coefficients declining from
column (2) to column (6). As can be seen in column (5), the inclusion of the
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TABLE 4 Results using large solar systems (>3.5kW) to explain the log of estimated housing
price

Q) () (©) 4) ©) (6)

Solar panels, >3.5kW 0.077*%** 0.100*** 0.081*** (0.076*** 0.055%** (.042***
(0.013) (0.010) (0.013) (0.013) (0.013) (0.012)

Number of bedrooms 0.224***  (0,189***  (,184*** (.175%** 0.162*** (0.150***
(0.006) (0.005) (0.008) (0.008) (0.008) (0.008)

Log house price (SA2) 0.845%FF  (0.864*** (.852%**  (.805%F*F (.773***
(0.012) (0.015) (0.015) (0.015) (0.015)

Log unit price (SA4) 0.102°FFF 0. 114%**  0.108***  (0.128%FF (.142%**
(0.020) (0.025) (0.025) (0.024) (0.024)

Disposable income (IHS) 0.038*** 0.020%***
(0.005) (0.005)

Financial assets (IHS) 0.050%**  0.036%**

(0.003) (0.003)
Other attributes

Location Yes Yes Yes Yes Yes Yes
Time Yes Yes Yes Yes Yes Yes
Housing Yes Yes Yes Yes Yes Yes
Socio-demographic No No No No No Yes
Labour force No No No No No Yes
Population group No No No No No Yes
Probability weights No No Yes Yes Yes Yes
R’ 0.386 0.633 0.648 0.652 0.670 0.685

Notes: *** ** and * show statistical significance at 1, 5 and 10 per cent levels, respectively. Robust
standard errors are in parentheses below the coefficients. The sample size is 19,091 in each column. The
online code available through the Supporting Information section also refers to coefficients for constants
and the other controls, as specified in Table 1 under the location, time, housing attributes, socio-
demographic, labour force and population group headings. IHS=inverse hyperbolic sine.

financial asset control reduces the size of the solar coefficient. It remains
positive and significant at the 1 per cent level. Column (6) adds the full set of
controls including socio-demographic, labour force and population groups,
leading to a further decline in the point estimate of the solar coefficient.

In Table 4 we focus on potential impacts of relatively large solar systems,
using a solar binary variable that equals 1 only for households with solar
systems of above 3.5 kilowatts. A similar pattern is observed: the point
estimate of the solar coefficient tends to decline as more controls are added,
and including the financial asset control in column (5) has a substantial
impact in reducing the point estimate for the solar PV coefficient. Having a
solar system larger than 3.5 kilowatts is associated with an approximately 4
per cent higher estimated housing value, all else equal. This is a large effect.

The controls in Table 4 produce expected coefficient signs. There is a
positive coefficient for the number of bedrooms. The log housing price in the
SA2 area has a positive coefficient, with a p-value close to zero. The
coefficient for income is approximately 0.04 in column (4), although this
drops to 0.02 in column (6) when controlling for other variables. The average
variance inflation factor is 1.6, suggesting that multicollinearity is not a
pressing concern. The highest variance inflation factors of up to 5.0—for the
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TABLE 5 Results explaining estimated or actual (transacted) housing price

Log of house price that is (1) 2 3) 4 (5)
Estimated  Estimated  Estimated  Estimated Actual
Solar capacity (IHS) 0.008* 0.004 0.011** 0.023%*
(0.004) (0.004) (0.004) (0.009)
Log solar capacity 0.093%%*
(0.014)
Number of bedrooms 0.156%** 0.150%** 0.150%** 0.110%** 0.132%%*
(0.009) (0.008) (0.008) (0.010) (0.014)
Log house price (SA2) 0.79 1%+ 0.773%%* 0.773%%* 0.8117%%* 0.726%**
(0.015) (0.015) (0.015) (0.029) (0.034)
Log unit price (SA4) 0.132%%* 0.141%%* 0.141%%* 0.076 0.117%*
(0.024) (0.024) (0.024) (0.046) (0.052)
Disposable income (IHS) 0.032%%* 0.020%** 0.020%** 0.013 0.012
(0.005) (0.005) (0.005) (0.010) (0.007)
Financial assets (IHS) 0.036*** 0.036*** 0.040*** 0.046***
(0.003) (0.003) (0.005) (0.008)
Other attributes Yes Yes Yes Yes Yes
Observations 19,091 19,091 19,091 4,528 2,922
R 0.677 0.684 0.685 0.642 0.702

Note: ¥** ** and * show statistical significance at 1, 5 and 10 per cent levels, respectively. Robust standard
errors are in parentheses below the coefficients. Each column uses probability weights and the full set of
controls (other than column (1), which does not control for financial assets). Column (3) has solar capacity
coded as zero for systems that are less than or equal to 2.5 kilowatts. The online code available through the
Supporting Information section also refers to coefficients for constants and the other controls, as specified
in Table 1 under the location, time, housing attributes, socio-demographic, labour force and population
group headings. IHS = inverse hyperbolic sine.

median local housing price and labour force status variables—are still below
the common threshold of 10.

The smaller and insignificant coefficient for the binary solar variable in
Table 2 but larger and significant coefficient for the binary variable for larger
solar systems may reflect several phenomena. First, small systems may truly
not contribute much to house prices. Second, small systems tend to be older
and thus subject to greater physical degradation. Third, households with
older systems also have reduced ability to install new capacity given the
reduction in their available roof space. Fourth, having a small solar PV
system may be correlated with factors such as unusual roof shape or small
roof size that we have not been able to adequately control for because they
were not measured in the survey. We have controlled for the number of
bedrooms and the dwelling type.

Table 5 uses continuous measures of solar PV capacity. Column (1) uses
the THS transformation of the solar capacity variable along with the full
control set from column (6) of Tables 3 and 4, except for the financial asset
variable. A positive and significant coefficient at the 10 per cent level of 0.008
is obtained for the solar capacity variable. When controlling for the financial
asset variable (IHS-transformed) in column (2), the solar variable has a
magnitude of 0.004. This is insignificantly different to zero.

Column (3) of Table 5 is the same as column (2) except that solar capacity
is coded as zero for solar systems smaller than or equal to 2.5 kilowatts given
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that some old and small systems may have low electricity output and not add
much to housing values. The solar coefficient is positive and significant at the
5 per cent level. Column (4) finds a positive and significant impact of log solar
capacity without the IHS transformation for a sample of residences with solar
panels. A solar capacity elasticity of (estimated) housing price of 0.09 is
obtained. For residences with panels, a 1 per cent increase in solar capacity is
therefore on average associated with a 0.09 per cent increase in estimated
housing price. Column (5) also shows a positive and significant impact of the
log of solar capacity (using the IHS transformation) on the log of actual
(rather than estimated) housing price.

5. Conclusion and implications

This study has investigated the impact of solar panels on housing prices in
Australia using a control set that includes key locational, economic and
financial variables. We found that controlling for financial assets appears to
be a useful approach in estimating the housing price premium from solar
installations. There is a more noticeable solar premium for larger installa-
tions, as expected. Solar PV systems of over 3.5 kilowatts are found to be
associated with a housing price premium of around 4 per cent.

The results have implications for the design of current and future
government policies and schemes. Multiple government schemes in Australia
have, in effect, subsidised rooftop solar. The early phase of solar support
included state-level feed-in tariffs and the national Small-scale Renewable
Energy Scheme (SRES). Both the benefits and the costs of solar adoption
have tended to favour better-off households (Best et al., 2021; Nelson et al.,
2011, 2012). The estimates in this paper show that the net benefits of having
rooftop solar have tended to flow through to higher housing prices for solar
homes. The magnitude of the effect is quite large.

Future studies might further explore solar policies that help to reduce
rather than exacerbate inequality. One approach is for solar installation
subsidies to be capped. For example, a maximum solar panel rebate of A
$1,850 already applies for homeowners and rental properties in the state of
Victoria (Solar Victoria, 2020). This contrasts to the SRES where subsidies
are proportional to capacity and uncapped up to 100 kilowatts. Another
option would be use of a gradual subsidy tailoring approach as a function of
system size.

Solar policies could also be increasingly targeted towards disadvantaged
groups, such as electricity consumers experiencing hardship (ACCC, 2020).
Renters are also a priority group, with a scheme in Victoria already targeting
solar for rental properties (Solar Victoria, 2020). Changes to tenancy laws to
facilitate greater solar uptake on rental properties are also worth consider-
ation (Nelson et al., 2019).

The approach of controlling for financial assets, or some alternative that
captures financial capacity differences across households, is relevant for
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future hedonic studies seeking to estimate the price premia associated with
home attributes. For example, the premium from having a home water tank
could be estimated using this approach. Future studies may also be able to
examine other aspects of the price premium for solar PV installations, such as
the effects of system age and output.

Data are a constraining factor. Future research may be able to utilise data
on solar system installation dates if they are available so as to examine how
the solar home price premium evolves as a function of system age. If
available, data on the electricity output of each household’s solar systems
would also be of use for understanding effects of solar system output on
housing prices.
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