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Summary

By investing in a solar photovoltaic (PV) system for their house, households can provide
an important contribution to decarbonise our economy. As traditional financial
incentives for renewables are being phased out, a nuanced understanding of private
individuals’ intention to adopt solar systems is key to accelerating the market uptake of
this technology. This dissertation sheds light on increasingly relevant but still
underexplored drivers of residential solar investments. It includes three empirical studies
based on two discrete choice experiment surveys answered by Swiss homeowners. The
first study investigates to what extent aesthetic features of solar systems impact
homeowners’ willingness to adopt solar. It identifies a premium and a value segment of
likely solar adopters with distinct preferences for product aesthetic features and different
price sensitivity. The second study investigates the impact of perceived investment risk
on households’ solar investment decisions. It suggests that the risk connected to policy
uncertainty negatively affects their willingness to invest in solar, whereas households
are rather insensitive to market risk. The third study investigates the role of self-
consumption (or energy ‘“prosumption”), by assessing how much potential residential
solar adopters are willing to pay for increasing their energy autonomy, and why. It shows
that homeowners interested in solar are willing to pay a substantial premium to generate
their own power, even when this does not financially pay off, and no matter how
environmentally friendly grid electricity is. The studies suggest three factors that could
accelerate the deployment of residential solar systems: product differentiation that caters
for both premium and value solar customers, low perceived policy uncertainty on
incentive schemes, an increase in the degree of energy autonomy allowed by solar

systems and in the salience of this product feature in the purchase process.



Zusammenfassung

Investieren Haushalte in eine Photovoltaik (PV)-Anlage fiir ihr Eigenheim, leisten sie
einen wichtigen Beitrag zur Dekarbonisierung. Um die Marktakzeptanz von PV-
Anlagen zu erhohen, ist ein fundiertes Verstdndnis der Investitionsbereitschaft von
Privatpersonen zentral, insbesondere weil die bisherigen finanziellen Anreizsysteme fiir
erneuerbare Energien auslaufen. Diese Dissertation fokussiert auf zunehmend relevante,
aber noch weitgehend unerforschte Investitionstreiber von PV-Anlagen in
Privathaushalten. Sie umfasst drei empirische Studien auf der Grundlage von zwei
Discrete-Choice-Experimenten, an denen Schweizer Hauseigentiimer teilgenommen
haben. Die erste Studie untersucht, inwieweit dsthetische Ausprigungen von PV-
Anlagen die Investitionsbereitschaft von Hausbesitzern beeinflussen. Sie identifiziert
ein Premium- und ein Value-Segment, bestehend aus wahrscheinlichen PV-Anlage-
Investoren, die sich in ihren Priferenzen fiir dsthetische Produkteigenschaften sowie in
ihrer Preissensibilitit unterscheiden. Die zweite Studie untersucht den Einfluss des
wahrgenommenen Investitionsrisikos auf die Entscheidungen von Haushalten in eine
PV-Anlage zu investieren. Sie deutet darauf hin, dass sich die politische Unsicherheit
negativ auf ihre Investitionsbereitschaft auswirkt. Auf Marktrisiken reagieren Haushalte
hingegen weniger stark. Die dritte Studie untersucht die Rolle des Eigenverbrauchs
(oder der Prosumption), indem sie abschitzt, wie viel potenzielle private Kidufer einer
PV-Anlage bereit sind, fiir die Erh6hung ihrer Energieautonomie zu zahlen und warum.
Sie zeigt, dass die an PV-Anlagen interessierten Haushalte bereit sind, eine erhebliche
Pramie fiir die Erzeugung ihrer eigenen Energie zu zahlen, auch wenn sich dies
finanziell nicht auszahlt, und unabhingig davon, wie umweltfreundlich der Netzstrom
1st. Zusammenfassend identifizieren die Studien drei Faktoren, die den Ausbau von PV-
Anlagen in Eigenheimen beschleunigen konnten: Eine Produktdifferenzierung, die
sowohl auf Premium- als auch fiir Value-Solarkunden zugeschnitten ist, eine geringe
wahrgenommene politische Unsicherheit in Bezug auf Forderprogramme und eine
Erhohung der Energieautonomie, die durch PV-Anlagen gewdhrleistet werden kann,

sowie die Hervorhebung dieses Produktmerkmals im Kaufprozess.



Terms and definitions

BAPV: building-attached PV; BAPV describes the additive installation of a PV system

to an already finished building envelope.

BIPV: building-integrated PV; BIPV is understood as an integral building component:
the electricity generating modules are here both a functional unit of the finished building
and a construction element of the building skin, since they replace conventional

materials.

DCE: discrete choice experiment. DCE is an indirect method of eliciting individual
stated preferences for different product features. It is rooted in the marketing and
transport literature (Green and Srinivasan 1990; Train 2009). Participants in DCEs have
to choose repeatedly between two or more hypothetical product alternatives which
randomly vary on a number of dimensions, such as price, brand etc., also known as
“product attributes” (Green and Srinivasan 1990; Train 2009). The analysis of
participants’ choices over a large number of rounds (“choice tasks™), where the levels
of the attributes are randomly combined across the presented alternatives, allows the
estimation of the impact of each attribute on the likelihood of purchasing the product,
as well as the influence of changes in attribute levels on respondents’ utility and hence

their willingness to pay (Green and Srinivasan 1990; Train 2009).

Energy autarky: situation in which a consumer’s entire electricity demand is met by

electricity independently produced right at the location of consumption.

Energy autonomy: the share of electricity needs at a private place of residence that can
be met with solar power generated on-site (Luthander et al. 2015). It implies energy

production and consumption at the same location or in other words “prosumption”. In

29 ¢ 29 ¢

the literature, this concept is also referred to as “self-supply”, “autarky”, “generation of

29 ¢

own power”, “energy autonomy at building scale/in residential buildings”.



EnG: Energiegesetz vom 30. September 2016 (SR 730.0). Swiss energy law.

EU Renewable Energy Directive: Directive (EU) 2018/2001 of the European
Parliament and of the Council of 11 December 2018 on the promotion of the use of

energy from renewable sources.

Feed-in tariffs (FITs): Feed-in tariffs provide a state-guaranteed fixed price for
renewable energy fed into the electricity grid over the technical life of the solar PV

system.

Grid parity / Retail grid parity: a situation where consumers generate their own
electricity from small scale solar PV systems at the same cost as purchasing electricity

from the grid at retail rates.

Market risk: market risk comprises situations whereby factors, such as changes in supply
and demand or policy changes, indirectly affect the investment case for solar via their
influence on market variables, like the electricity market price. The definitions of and
distinction between policy (or regulatory) risk and market (or price) risk adopted in this
dissertation study are common in both the academic literature (Mitchell, Bauknecht, and
Connor 2006; Salm 2018; Botta 2019; Ostrovnaya et al. 2020) and grey literature (e.g.
NewClimate Institute 2019; RE-Source 2020).

Micro-grid: In micro-grids, households consume geographically proximate electricity
within a district, and a small-scale grid connects the generation plants to the consumers

(Chowdhury, Chowdhury, and Crossley 2009).

Policy risk: policy risk comprises situations whereby regulatory decisions affect the
investment case of existing assets. In particular, policy risk deals with uncertainty about
policy instruments (e.g. level and duration of feed-in tariffs, priority dispatch rules, etc.),

and realizes itself, for instance, in the case of retrospective cuts to an incentive scheme.



Prosumer / solar prosumer: private individuals who are solar electricity producers and
consumers at the same time. The term “prosumers” was introduced in the 80s to indicate

people who produce their own goods and services (Kotler 1986).

PV: photovoltaic; solar PV systems convert sunlight to electricity. Output is determined

by the area of the panels, their efficiency and the brightness of natural light available.

Residential solar PV systems: small-scale solar systems installed on residential
buildings. Usually, the term “small-scale” applies to systems with an installed capacity
smaller than 30 kW. In the academic and grey literature, as well as throughout this

dissertation, they are often referred to as “rooftop solar systems” or “solar PV panels”.

Residential solar investor / Residential solar adopter: private individual who has
installed a solar PV system on their own house, and hence has invested in solar energy

on own personal initiative, not on behalf of a third party.

rev. StromVG: Preliminary draft of 17 October 2018 on an amendment to the Swiss

Electricity Supply Act
Self-consumption (of solar electricity): act of consuming the solar power which is
produced by a solar PV system installed on their own house (typically on the roof or

facade).

WTP: willingness to pay.
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1 General Introduction

Deployment of solar photovoltaic (PV) systems on residential buildings is a promising
strategy to effectively address the climate crisis. In fact, residential solar systems can
play an important role in decarbonizing our economy by contributing significantly to
the electricity generation mix (IEA 2018c; BNEF 2019b; Swiss Federal Office of
Energy 2019), powering private e-mobility (SolarPowerEurope 2019b) and reducing the
climate footprint of buildings, which accounts for about a third of global CO2 emissions

(IEA and UNEP 2018).

The growth of residential solar capacity crucially depends on private individuals’
decisions to invest in a solar PV system for their own houses. In fact, over the last ten
years households have contributed substantially to the financing of small-scale solar
systems (Bergek, Mignon, and Sundberg 2013; Karneyeva and Wiistenhagen 2017,
Clean Energy Wire 2018; BNEF 2019a). Today, solar PV systems owned by households
represent the lion’s share in terms of the number of installed systems and often also play
an important role in terms of installed capacity. Especially in the early days of renewable
deployment, households’ decisions to invest in solar systems have been driven in many
countries by generous financial support schemes in the form of feed-in tariffs, or FITs
(Karneyeva and Wiistenhagen 2017; Simpson and Clifton 2017; Palm 2018). FITs are
production subsidies that provide a state-guaranteed fixed price for each kWh of solar
electricity fed into the grid over the technical life of the solar PV system. Recently,
however, in light of a dramatic decrease in PV technology cost (Creutzig et al. 2017),
several governments are reconsidering these support policies. In particular, all over

Europe we observe cuts to FITs or the phase-out of this type of support instrument

(REN21 2017; IEA 2018a; IEA PVPS 2019). !

1 More specifically, in Switzerland, the country case study used in this work, all production and investment
subsidies for new renewable capacity will phase out starting from 2023 (Art. 38 EnG). The proposal for a
new electricity market design (rev. StromVG) does not extend the financial support for renewable energies
beyond the planned phase-out deadline.
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In this shifting policy landscape, will households continue to invest in solar energy and
hence provide a key contribution to decarbonisation? This dissertation includes three
empirical studies that explore households’ solar investment decisions in the new policy
environment and discuss implications for sustaining adoption of residential solar in a
post feed-in tariff regime. The focus of the empirical investigation is Switzerland, one
of Europe’s fastest growing residential solar markets and one of the countries in the
world with the highest density of solar PV with more than 80,000 installations as of
2018 (IEA 2018a; Swiss Federal Office of Energy 2019). Empirical findings also have
implications for policies of other European countries aiming at promoting residential
solar energy. The three studies shed light on drivers of households’ solar investment
decisions that are yet scarcely explored in the academic literature, though they are

becoming increasingly relevant.

The first study (Chapter 2), jointly written with Rolf Wiistenhagen and Stefanie Lena
Hille, investigates to what extent aesthetic features of solar PV systems impact
households’ willingness to adopt solar. In fact, against a background of decreasing
financial incentives, successfully enlarging the demand for residential solar will
crucially depend on the ability to anticipate and meet the different tastes of homeowners
who face the option of installing solar panels on their house, in particular in the context
of a building retrofit project. To the best of my knowledge, this study is the first one to
identify two promising customer segments of likely solar adopters with distinct product
preferences and profiles: a premium segment preferring higher-priced, coloured and
building integrated solar modules, and a value segment preferring a lower-priced,
conventional option with rack-mounted solar panels. Its original contribution to the
literature lies in the fact that the study investigates the intention to install not a
generically defined solar system solution but rather two carefully described rooftop solar
options. These are consistent with current industry trends and differ in terms of the
product features that were found to matter to solar adopters in the literature. At first, the
study reviews the literature on the determinants of homeowners’ intention to adopt solar
systems and tests the relevance of these factors using data collected through a survey

answered by 408 Swiss homeowners planning a building retrofit. The survey included a
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choice experiment designed to elicit the importance of solar systems’ product features,
both financial (e.g. investment cost) and non-financial (e.g. module colour), when
homeowners consider adopting a solar system in the context of a roof renovation. Then,
the study identifies different segments of potential solar adopters and profiles them
along socio-demographic, psychographic factors and peer-effect related attributes. In
doing so, it highlights the importance of non-strictly financial, social and psychological
factors in explaining solar investment decisions and discusses how they could be

factored into policy-making and marketing of solar.

The second study (Chapter 3), jointly written with Rolf Wiistenhagen and Stefano
Carattini, investigates the impact of perceived investment risk on households’ solar
investment decisions. This research question is more relevant today than ever because
of the phasing-out of feed-in tariffs and the uncertainty on future energy policies in the
wake of an increasingly polarized climate debate. These are all factors that require
residential solar investors to bear new risks. In particular, a number of countries have
recently implemented unexpected policy changes impacting the profitability of solar
investments (IEA 2018a), showing that the risk driven by policy uncertainty around
incentive schemes is material for residential solar investors. Despite growing awareness
of the urgency of addressing climate change and increasing cost-competitiveness of
renewable energy sources, the increasing polarization of the climate change debate
could exacerbate this trend (Pidgeon 2012; Fisher, Waggle, and Leifeld 2013; Fisher
and Leifeld 2019). Furthermore, currently discussed or recently implemented support
scheme alternatives to FITs, namely investment grants, feed-in premia, green certificates
and incentives for self-consumption of solar energy (REN21 2017), imply a high degree
of uncertainty around the monetary benefits of solar investments, which become

increasingly dependent on the uncertain evolution of electricity market variables?. In the

new policy environment, solar investors are to a great degree exposed to market risk,

2 For an overview of the new policy instruments that are currently discussed or have been recently implemented
in the European Union and Switzerland to promote renewable energies, including small-scale solar, and an
assessment of their impact on renewable investment decisions in Switzerland, see a recent study conducted
for the Swiss National Science Foundation, jointly written with Hettich et al.: Hettich et al. (2020).
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while in the FIT regime they could benefit from a long-term state-guaranteed revenue
stream. Despite the importance of residential investors in financing decarbonisation of
the energy system, past empirical studies assessing the role of risk in investment
decisions have traditionally focused mostly on corporate and institutional investors. This
contribution fills this research gap by investigating to what extent households’
willingness to invest in solar PV systems depends on policy and market risk. It does so
conducting a discrete choice experiment coupled with a randomized informational
treatment designed to test for information asymmetries in the assessment of policy risk
and, therefore, allow for a mismatch between perceived and actual risk level. The second
study is based on a sample of 750 Swiss households selected to represent a realistic
segment of potential residential solar investors. The findings bring novel implications
for policymakers who are interested in reducing the overall financing cost of solar PV
deployment and designing promotion instruments that can accelerate residential solar

adoption.

The third study (Chapter 4) investigates how self-consumption opportunities impact
households' willingness to invest in solar PV systems. This research question is timely
because, thanks to recent policy and technology developments, homeowners of today
have the option to meet (an increasing part of) their own electricity needs with a solar
system installed on their house and hence achieve some degree of “energy autonomy”.
In particular, energy transition policies around Europe aim to facilitate and promote the
so called “renewable self-consumption” or “prosumption” (Hendricks and Mesquita
2019; IEA PVPS 2019). Such favourable policy frameworks, together with the growing
market for residential energy storage and the rapidly falling costs for lithium-ion
batteries, have significantly enlarged the options to self-consume solar energy and could
have a significant impact on the whole energy system (Luthander et al. 2015; Agnew
and Dargusch 2015; Nyholm et al. 2016; Parag and Sovacool 2016; IEA 2018b).
Notwithstanding the central role of solar self-consumption in energy policies and the
potential disruptive impact of solar prosumers, there is still limited evidence on customer
preferences for energy autonomy and their role in motivating solar PV adoption. This

study fills this gap by bringing new evidence on households’ willingness to pay (WTP)
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for increasing degrees of energy autonomy, based on a discrete choice experiment
survey conducted with 659 Swiss homeowners interested in purchasing a solar PV
system for their house. In particular, it explores factors that could influence WTP for
energy autonomy, including both strictly financial ones and non-strictly financial ones.
Based on the empirical findings, the study discusses implications for designing

decarbonisation policies and business models for residential solar.

The three studies share an original methodological feature that complements a large
existing body of empirical work investigating the drivers of solar adoption in the
residential sector. Most of the existing studies take a retrospective approach with past
adopters as the main object of investigation. There is still a scarcity of forward-looking
studies that provide insights into the next generation of solar adopters. Such a forward-
looking approach, however, is relevant for policymakers and practitioners alike:
identifying potential adopters only based on past adoption may lead to a biased
perspective on the drivers of future developments. By using stated preferences elicited
within carefully crafted representative samples of the population of prospective roof
renovators (Study 1) and potential solar adopters (Study 2 and 3), the three studies bring

novel insights regarding how to broaden the market appeal of residential solar.

The rest of this dissertation is structured as follows: Chapter 2 presents the first study;
Chapter 3 presents the second study; Chapter 4 presents the third study; Chapter 5
summarises general conclusions and lists three main policy implications. Table 1.1

provides an overview of the three studies included in this dissertation.
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Table 1. 1 Overview of the studies included in this dissertation

Study Title Research question(s) Methodological Authors Own contribution Publication
approach status
(as of January
2021)
Beauty and the * What are the key customer segments of likely adopters of Adaptive discrete ~ Beatrice Petrovich Beatrice Petrovich Published in
budget: a solar panels among homeowners willing to undertake a choice experiment ~ Stefanie Lena Hille had the lead on the Ecological
segmentation of building retrofit in the near future? (aka adaptive Rolf Wiistenhagen analysis and Economics
residential solar * What distinguishes the likely adopters from likely non- choice-based manuscript (2019), Volume
adopters adopters of solar panels in terms of sociodemographic, conjoint analysis); drafting, 164: 106353
1 psychographic and social aspects? hierarchical benefitting from
* What are the differences between the distinct segments  Bayesian analysis; contributions and
of likely adopters in terms of sociodemographic, segmentation feedback from co-
psychographic and social aspects? analysis authors
The price of risk in ~ * What is the impact of policy and market risk on Discrete choice Beatrice Petrovich Beatrice Petrovich Published in
residential solar residential solar investment decisions? experiment; Stefano Carattini  had the lead on the Ecological
investments randomized Rolf Wiistenhagen empirical design, Economics
information data collection, (2021), Volume
’ treatment; analysis and 180: 106856
econometric analysis drafting,
(conditional logit benefitting from
modelling) contributions and
feedback from co-
authors
“I’ve got the power”: * What is potential solar adopters' willingness to pay Discrete choice Beatrice Petrovich  Single-authored ~ Submitted for
the value of energy (WTP) for increasing levels of energy autonomy? experiment; contribution publication in
3 autonomy for * What drives WTP for energy autonomy? econometric analysis Energy Policy

potential solar
adopters

(mixed logit
modelling)
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2 Study 1: Beauty and the budget: a segmentation of residential solar

adopters?

Beatrice Petrovich5, Stefanie Lena Hille>¢, Rolf Wiistenhagen’

Abstract

The transition to renewable energy supply of buildings, especially distributed solar
power, is a key element of climate change mitigation. As the policy landscape is shifting
and financial incentives for renewables are increasingly phased out, a nuanced
understanding of homeowners’ intention to install solar panels is key for reaching a
broad market appeal. By analysing a dataset of 408 Swiss homeowners’ stated
preferences in the context of building retrofits, this study identifies two key segments of
likely solar adopters, including a premium segment preferring coloured and building
integrated solar modules, and a value segment with more price-sensitive customers.
Differences between likely adopters and likely non-adopters, as well as between two
distinct segments of likely adopters, are investigated along sociodemographic,
psychographic, and social aspects. Our analysis shows that aesthetic aspects of solar
panels are key for expanding the customer base, and that likely adopters are more likely
than likely non-adopters to be surrounded by neighbours, friends, and relatives who have
already installed solar panels. Our results also reveal that the premium segment cares
more about aesthetic aspects in general purchasing decisions and shows higher

ecological concern than the value segment.

Keywords: solar panels; residential solar energy; consumer segmentation; choice

experiment; building integrated photovoltaics; peer effects

3 Published in Ecological Economics (2019), Volume 164: 106353.
https://doi.org/10.1016/j.ecolecon.2019.106353. Video summary: https://youtu.be/81duTupiABQ. Lay
summary: https://www.activeinterfaces.ch/en/41-market-adoption-bipv. An earlier version of this work has
been presented at the 6™ World Congress of Environmental and Resource Economists (June 2018,
Gothenburg, Sweden).

4 Corresponding author.

5 University of St. Gallen, Chair for Management of Renewable Energies.

¢ Present affiliation: DG CONNECT European Commission. The involvement of S.L. Hille dates back from her
research work at the University of St. Gallen before she joined the European Commission in October 2017.
This study does not reflect the official opinion of the European Commission.
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2.1 Highlights

* We investigate determinants of homeowners’ intention to install solar panels.

* Adopters are more likely to have peers who opted for solar than non-adopters.

* We profile two segments of future solar adopters: a value and a premium one.

* Premium customers care more about aesthetic aspects in their purchasing decisions.

* Value customers do not have significantly lower income than premium customers.
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2.2 Introduction

International climate policy goals require massive decarbonisation of the energy system.
Buildings account for 32% of global final energy use and are a major contributor to
greenhouse gas emissions (Lucon et al. 2014). Therefore, the transition to renewable
energy supply of buildings is a key element of climate change mitigation. Among
building-related renewable energy solutions, distributed solar photovoltaic (PV) energy
has experienced a dynamic growth (IEA 2017a) and is an area of investment particularly
appealing to households, whose importance in the solar energy investor landscape has
grown over the last ten years (Karneyeva and Wiistenhagen 2017). In light of this,
accelerating the deployment of solar panels in existing residential dwellings is a
promising decarbonisation strategy. Broadening the market appeal of solar panels in the
residential sector, however, will crucially depend on the ability to meet, adapt to, and
anticipate households’ preferences. Such an enhanced understanding of consumer
preferences will be even more crucial in light of the fact that financial incentives for
renewables are more and more being phased out in several countries (Karneyeva and

Wiistenhagen 2017).

This study aims to provide a deep understanding of customer preferences for residential
solar panels and addresses the following research questions. First, what are the key
customer segments of likely adopters of solar panels among homeowners willing to
undertake a building retrofit in the near future? Second, what distinguish the likely
adopters from likely not adopters of solar panels, in terms of sociodemographic,
psychographic and social aspects? Third, what are the differences between the distinct
segments of likely adopters, in terms of sociodemographic, psychographic, and social

aspects?

The contribution of this study to the existing research is twofold. First, there is a large
body of empirical work investigating the drivers of solar adoption in the residential
sector that takes a retrospective approach, with past adopters as the main object of
investigation (see for instance: Balta-Ozkan, Yildirim, and Connor 2015; Sigrin, Pless,
and Drury 2015; Briguglio and Formosa 2017; Dharshing 2017). However, there is still
a scarcity of forward-looking studies that provide insights into the next generation of

solar adopters. Such a forward-looking approach is relevant for policymakers and
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practitioners alike: identifying potential adopters based on past adoption may lead to a
biased perspective on the drivers of future developments: yesterday’s adopter profile is
likely to be different from tomorrow’s, in the same way as later adopters differ
significantly from earlier ones (Sigrin, Pless, and Drury 2015). In fact, only a few studies
have taken such a forward-looking approach (Faiers and Neame 2006; Scarpa and Willis
2010; Curtius et al. 2018; Hille, Curtius, and Wiistenhagen 2018) but without providing
a segmentation of potential solar adopters. We contribute to closing this research gap by
identifying different segments of potential future solar adopters and by profiling the
solar customer segments along socio-demographic, psychographic factors and peer-

effect related attributes.

More specifically, we characterize two different groups of potential solar adopters by
distinguishing between (a) those homeowners ready to opt (and pay) for a premium
solution, and (b) a more price-sensitive value segment. In particular, we investigate the
intention to install not a generically defined solar panels’ solution, but rather two
carefully described rooftop solar panels options, which are consistent with current
industry trends and differ in terms of the product features that were found to matter to
solar adopters in the literature (see, among others: Hille, Curtius, and Wiistenhagen
2018). To the best of our knowledge, this contribution is the first one to distinguish
premium solar customers from more price-sensitive ones by following an approach to
consumer segmentation that has been already applied in the field of green power

adoption (Tabi, Hille, and Wiistenhagen 2014).

Second, we contribute to the literature on adoption of innovative pro-environmental
technologies by including in our customer segmentation analysis relatively unexplored
drivers of (future) solar adoption: among psychographic factors, along with
environmental attitude and technical affinity, the centrality of visual product aesthetics
(Bloch, Brunel, and Arnold 2003) is investigated; concerning social aspects, our stated
preference approach allows to enlarge the scope beyond the impact of installed solar
panels in the neighbourhood on homeowners’ intention to adopt, and investigate the role

of friends and family members. In doing so, we highlight the importance of social and
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psychological factors in explaining solar panel investment decisions and discuss how

they could be factored in to policy-making and marketing of solar panels.

The remainder of this Chapter is structured as follows: Section 2.3 summarizes the
related literature; Section 2.4 presents material and methods; results are presented and
discussed in Section 2.5; finally, Section 2.6 provides marketing and policy

recommendations, and it discusses limitations and ideas for further research.

2.3 Related literature

This study relates to the literature dedicated to the diffusion of solar technology in the
residential sector. Existing research has identified several adoption drivers, which,
following the common distinction introduced by Rogers (1995), can be grouped into
characteristics of the product (discussed in Section 2.3.1) and characteristics of the

adopter (discussed in Section 2.3.2).

2.3.1 Product characteristics

Purely financial factors influencing residential solar adoption include: the expected
return on investment (see for instance, Dharshing 2017; Karneyeva and Wiistenhagen
2017) and its determinants, such as financial incentives (Karneyeva and Wiistenhagen
2017; Simpson and Clifton 2017) and solar irradiation (Schaffer and Brun 2015; Rode
and Weber 2016); upfront investment costs (Scarpa and Willis 2010; Islam 2014; Hille,
Curtius, and Wiistenhagen 2018); and energy cost savings (Hille, Curtius, and
Wiistenhagen 2018; Islam 2014). For later adopters, financial aspects seem to be more
important than for early adopters (Simpson and Clifton 2017), but in light of recent cost
reductions for solar, financial factors may no longer represent the key diffusion driver,
especially for households (Karneyeva and Wiistenhagen 2017). Moreover, surveys show
that homeowners have steep implicit discount rates and rarely calculate the rate of return

when it comes to building-related energy investments (Ebers and Wiistenhagen 2015).

Non-financial factors play an equally important role in solar energy uptake in the

domestic sector. The aesthetic aspects of solar panels are important for adoption
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according to Faiers and Neame (2006) who, based on interviews and a survey conducted
in the UK, show that, for the ‘early majority’, perceived poor visual appearance
discourages adoption. Two more recent studies offer further insights on the role of visual
attractiveness. Bao et al. (2017) found that US residents were willing to pay a higher
price for better-looking solar systems and preferred solar panels that matched the colour
of the roof. Hille et al. (2018) show that the provision of coloured panels similar to the
colours common on tiled roofs (i.e. red or black) significantly impact the likelihood of
choosing solar. The same study also documents higher willingness to pay for building

integrated panels (BIPV) than building attached ones (BAPV)?, consistently with the

finding of a questionnaire carried out in Australia by Hampton and Eckermann (2013).
The country of origin of the panels is also an aspect that influences the Swiss
homeowners’ preferences with regard to solar panels’ adoption, according to Hille et al.

(2018).

2.3.2 Adopter characteristics

Adopter characteristics include sociodemographic features, psychographic traits (also
referred to as personality traits, which include values and behavioural attitudes), and
exposure to the choices made within the social reference group (which is known for
spurring “peer effects”, whereby an individual’s adoption decision is influenced by the

choices of her social reference group).

Although the results are not always consistent, a number of sociodemographic predictors
for residential solar uptake have been identified in the literature. While a set of studies
find a positive relationship between household income and solar adoption (Sigrin, Pless,
and Drury 2015; Rode and Weber 2016; Dharshing 2017), others show that its impact
1s weakly negative in incentive-intensive periods (Simpson and Clifton 2017) or even

insignificant (Balta-Ozkan, Yildirim, and Connor 2015; Simpson and Clifton 2017) as

7 BIPV is understood as an integral building component: the electricity generating modules are here both a
functional unit of the finished building and a construction element of the building skin, since they replace
conventional materials (Heinstein, Ballif, and Perret-Aebi 2013). Building Attached Photovoltaics (BAPV),
instead, describes the additive installation of a PV system to an already finished building envelope (Heinstein,
Ballif, and Perret-Aebi 2013).
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far as late adopters are concerned. Accumulated savings are more relevant than income,

according to Balta-Ozkan et al. (2015).

The impact of age is also not conclusive: results show negative (Briguglio and Formosa
2017; Islam 2014), insignificant (Graziano and Gillingham 2015), or non-linear
relationships (Dharshing 2017) between age and solar adoption.

Education is positively related to solar adoption according to a number of studies
(Sardianou and Genoudi 2013; Sigrin, Pless, and Drury 2015; Balta-Ozkan, Yildirim,
and Connor 2015; Dharshing 2017); however, the result seems not to hold true when
considering late adopters, as convincingly shown by Simpson & Clifton (2017), or in
some geographical contexts (Briguglio and Formosa 2017). Education about solar
energy (i.e. informed understanding of the costs and benefits of the technology)

promotes the continued adoption according to Simpson & Clifton (2017).

Concerning the impact of gender, which is less studied, Leenheer et al. (2011) argue that
women have a lower intention to generate their own energy, while Sardianou & Genoudi
(2013) conclude that gender does not affect the willingness to adopt renewable energies.
The presence of children in the house favours solar adoption according to Sigrin et al.

(2015).

A review of the literature also shows mixed evidence on the impact of living in a single-
house: while living in a detached (single) houses increases the likelihood of adoption
compared with apartments in Switzerland (Baranzini et al. 2019) and terraced homes in
the UK (Balta-Ozkan, Yildirim, and Connor 2015), this is not the case in Germany
(Dharshing 2017) and Malta (Briguglio and Formosa 2017).

As far as psychographic drivers are concerned, environmental attitude/concern is
arguably the most widely investigated. Studies find that an environmentally friendly
attitude may not necessarily translate into solar adoption (Schelly 2014; Schaffer and
Brun 2015; Dharshing 2017). Simpson & Clifton (2017) and Sigrin et al. (2015) argue
that, while environmental aspects of solar are significant for ‘early adopters’, and even

prioritized over financial aspects, this not the case for later adopters.
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As far as other attitudinal factors are concerned, a group of studies deal with customers’
technical affinity. Among these, an interview-based study by Schelly (2014) reveals that
interest and competence in technical innovation, as well as comfort with technology,
and enjoyment of technical information motivates solar adoption; Leenheer et al. (2011)
show, based on a consumer survey of 2000 Dutch households, that affinity with
technology positively affects the intention of generating own power; Axsen,
TyreeHageman, and Lentz (2012) find that “techies” (people who engage in technology-
oriented practices) report strong interest in solar panels. Busic-Sontic and Fuerst (2018)
found that the personality traits “openness to experience” and “conscientiousness” had
an indirect influence on the likelihood for adopting solar, as they lead to a stronger
positive impact of existing nearby installations on adoption decisions, or, in other words,

as they lead to stronger “geographical peer-effects”.

A thriving strand of literature specifically focuses on “geographical peer-effects”. More
specifically, several studies (Bollinger and Gillingham 2012; Schaffer and Brun 2015;
Balta-Ozkan, Yildirim, and Connor 2015; Dharshing 2017) conclude that, even
controlling for spatially correlated preferences, policy, and contextual factors, an
additional solar installation in an area significantly increases the likelihood of adoption
of solar panels in the neighbourhood (so-called “installed based effect”). The role played
by reference groups different from neighbours (such as friends and family) is, to the best
of our knowledge, not thoroughly investigated in the literature, which focuses mostly on
geographical contagion. Some results, however, point to their importance in driving
adoption: Scarpa and Willis (2010) found that the joint recommendation by a friend and
a plumber significantly increases the willingness to pay for a renewable micro-
generation system; Sigrin et al. (2015) reports that one of the most common events
prompting solar adoption is talking to friends or family members who have first-hand
experience with solar; Fornara et al. (2016) found that informational influence from
trusted friends, relatives and neighbours are the most powerful predictors of the intention
to invest in thermal insulation, photovoltaic (PV) systems, and solar thermal systems at
household level. Other contributions explore the micro-foundations of peer-effects.

They suggest that both merely observing nearby solar panels (“passive peer effects” or
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image motivation) and talking to the neighbours about their decision to go solar (“active
peer effects” or word of mouth) explain the installed based effect (Baranzini and
Carattini 2017; Rai and Robinson 2013), as such activities either disclose information
on the performance of solar systems and hence increase confidence in the technology
(via social learning), or activate the need to conform to the community and comply with

an injunctive social norm (Curtius et al. 2018).

From a methodological point of view, it is worth pointing out that most of the empirical
works investigating the characteristics of solar adopters in the residential sector take a
retrospective approach, with past adopters as the main object of investigation. To the
best of our knowledge, few studies apply a forward-looking approach and provide
insights into the next generation of solar customers. Among these, Hille et al. (2018)
and Curtius et al. (2018) are based on the same survey dataset as the present study and
adopt the same strategy to identify the target sample. Older studies have adopted
different strategies to identify the target group. Scarpa and Willis (2010) studied the
preferences of future residential adopters of renewable microgeneration systems in
general, without focusing explicitly on solar energy, and worked on a representative
sample of British households; Faiers and Neame (2006) identified likely future solar
adopters as adopters of other residential energy efficiency measures who do not own

solar energy yet.

2.4 Material and Methods

2.4.1 Target sample

The population of interest for this study are potential residential solar adopters.
Switzerland, one of Europe’s fastest growing solar markets (IEA 2017b), was chosen as

the area of study. Swiss prospective solar adopters were defined as owners of a
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residential pitched-roof® building (either a single-family house or a multi-family house
with up to five apartments®), who intend to renovate their roof within the next 10 years

and co-decide upon building retrofitting measures. In fact, installing solar panels in the
context of a roof renovation is an ideal time as the panels will be up for a long time;
also, building retrofit is one of the identified trigger situations for solar adoption,

according to Sigrin et al. (2015).

The sample consisted of 408 subjects, who are a representative sample of the population
of potential roof-renovators in Switzerland within a 10-year time horizon'. The subjects

were recruited by a professional market research company from an online access panel
consisting of more than 50,000 registered participants in Switzerland. The market
research company first recruited a representative sample of 6,104 respondents from
Switzerland, drawn by quota sampling, considering gender, age, education, language
region, and home ownership, then, filter questions (on ownership of a residential
pitched-roof building, intention to renovate the roof within the next 10 years, possibility
co-decide upon building retrofitting) allowed to include in our study sample only
individuals who matched the characteristics of our population of interest. Our sample

matches well the split by language region of the population of Swiss homeowners!!

(Table 2.S1 in Supplementary Materials). Instead, it significantly differs from the
population of Swiss homeowners in terms of gender, age, and education (Table 2.S1):
within our sample of prospective roof renovators, homeowners tend to have a higher

education than the average Swiss homeowner; moreover, while male homeowners are

8 Owners of flat-roof buildings (9% of the screened-in respondents) were excluded as flat roofs are not entirely fit
for a BIPV installation (Hille et al., 2018).

9 Owners of larger buildings were excluded as these are typically subject to a different investment decision process,
involving group decision making, which would be difficult to compare with individual decision-making.

10Qur sample of potential Swiss roof renovators overlaps with the one used by Hille et al., 2018 and Curtius et al.
(2018). While sharing the same dataset, the present study differentiates from the above-mentioned
contributions in that it explores the heterogeneity across different customer segments. Moreover, minor
sampling differences apply: Curtius et al. (2018) additionally excluded those respondents that already have
opted for solar panels in the past, whereas this study does not apply such a filter criterion given that past solar
adoption does not exclude potential future adoption. Additionally, the dataset used in this study excludes
those respondents that owned a flat-roof dwelling given that flat roofs are not entirely fit for a BIPV
installation (Hille et al., 2018), whereas Curtius et al. (2018) did not apply such a filter criterion.

11 The population of Swiss homeowners is in fact an approximation of our population of interest, Swiss
homeowners who are planning to renovate their roof in 10 years and can co-decided upon the renovation.
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over-represented compared to the population of Swiss homeowners, the youngest
(under-30) and oldest (over-60) homeowners are under-represented. Such deviations
from the population of homeowners could be well explained by the fact that perhaps
young homeowners (who may not have time and money), old ones (who may not know
how long they will live in the house), and female ones (who may have less technical

expertise or decision power) are indeed less likely to renovate.

2.4.2 Survey structure

Sampled subjects participated in a survey administered in 2016. The survey was
structured in different sections. First, respondents were asked to fill in a series of filter
questions, to confirm that they match the predefined criteria. Then, the survey continued
with a choice experiment, designed to elicit respondents’ stated preferences for roof
renovation solutions including or not solar panels. Solar panels were in the early stage
of the diffusion process in Switzerland at the time when we conducted the survey.
Choice experiments are particularly fit for studying consumer preferences for products
in the early stage of the diffusion process (Louviere et al. 2000) for two reasons: first,
past adoption decisions, typically taken by early adopters, are not a good predictor for
future decisions; second, historical data on decisions is scarce. Additionally, choice
experiment data can be used for simulating the adoption of hypothetical product variants
not yet available in the market (Orme 2010), and this is instrumental to the customer
segmentation methodology used in this study. We applied one of the latest refinements
for the choice experiment technique: adaptive choice-based conjoint analysis (ACBC)
(Chapman et al. 2009; Johnson and Orme 2007; Sawtooth Software 2014). ACBC is
especially appropriate for situations where the consumer uses dual-process decision-
making strategies and non-compensatory simplifying heuristics (Johnson and Orme
2007), meaning that the consumer forms a consideration set, typically using cut-off rules
and knock-out criteria (e.g. maximum total renovation cost or avoidance of a certain
roof colour), and then chooses products only within that consideration set. Studies have
documented the use of dual-process decision-making strategies and non-compensatory
simplifying heuristics in consumer choice of complex products (Bettman, Luce, and

Payne 1998; Gilbride and Allenby 2004). A roof renovation solution can be considered
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a complex product and hence ACBC appeared particularly fit for studying the decision
problem analysed in the study. ACBC designs, although require more time than
conventional approaches to choice experiments, are deemed more engaging by
respondents, generally yield lower standard errors and better estimates of real-world
product decisions than conventional hypothetical choice-based surveys (Cunningham,
Deal, and Chen 2010). Several researchers have used this relatively new methodology
in the past few years (e.g., Liithi and Préssler 2011; Boesch and Weber 2012; Heinzle,
Boey Ying Yip, and Low Yu Xing 2013; Wuebker, Hampl, and Wiistenhagen 2015;
Salm, Hille, and Wiistenhagen 2016; Salm 2018; Salm and Wiistenhagen 2018).

In the ACBC section of this study, respondents had to evaluate and choose among
different roof renovation solutions for their planned roof retrofit project. The different
roof renovation solutions shown to respondents were described by a set of different
financial and non-financial product attributes (Table 2.1) that were found to be relevant
for solar adoption in existing research, as discussed in the literature section. Mouse-over

pop-ups in the survey presented further details about each attribute.

Table 2.1 Attributes and levels used in the choice experiment

Attribute Attribute levels

Roof type Roof with building- | Roof with building-attached | Standard roof without solar
integrated solar panels | solar panels panels

Color of the | Red Black Blue

solar panels/

roof

Origin of the | China Germany Switzerland

solar panels

Investment cost | Continuous, random variation by +30%/-30% on base price, whereby base price is:

(in CHF) -15,000 CHF for standard roof without solar panels

- 40,000 CHF for roof with solar panels
Amount rounded to the closest 5,000 CHF after having been randomly varied.

Reduction  in | 20 000 CHF 30 000 CHF 40 000 CHF
electricity costs

over 20 years
(CHF)
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Purchase Rebate of 1000 CHF Participation in an e-car raffle | Free e-bike
premium to win a Tesla

Attributes levels were selected to establish realistic choice scenarios, based on
consultations with stakeholders, literature review, review of product catalogues and pre-

test survey with 25 homeowners.

The ACBC section was designed with Sawtooth software (Sawtooth Software 2014) and
set up in two stages. First, in the so-called screening section, respondents were not
required to take a final choice between the presented roof renovation options, but only
to indicate whether they considered 6 presented options as “possibilities”. Responses
were screened in order to identify whether respondents applied any knock-out criteria
(e.g., by always excluding an option that contained a specific attribute level). Second,
respondents received 9 choice tasks containing three roof renovation options at the same
time, where they were asked to take a final choice (see Figure 2.1 for an example of a
choice task). Those options excluded product concepts that were defined as

unacceptable during the previous screening section (Johnson & Orme, 2007).
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Figure 2.1 Example of a choice task (Translated; original in German and French)

Which of these three options would be the best for you?

(all identical features are highlighted in grey to help you focus on the
differences)

L

m- & =

- < = —
Roof type Rack-mounted PV Building-integrated PV Rack-mounted PV
Color of the PV plant Blue Black Black

resp. of the roof

Origin of PV panels Switzerland Switzerland Switzerland
Investment costs 40'000CHF 50'000CHF 45'000CHF

Revenues from
electricity sales /

reduction in electricity |-40'000CHF -40'000CHF -20'000CHF
costs over 20 years

Purchase premium Rebate of Rebate of Rebate of
1'000 CHF 1'000 CHF 1'000 CHF

After the ACBC section, the survey continued with a wide range of psychographic
questions. Based on the literature section (Section 2.3), a selection of psychographic
questions was considered in the context of this study. This part consisted of a set of
Likert-type statements: for each statement, respondents had to indicate to which extent
they agree with it by using the widely-used 5-point Likert scale ranging from 1="do not

agree at all” to 5= “totally agree”. Such statements were used to create multi-item scales
related to respondent’s environmental attitude, centrality of visual product aesthetics'?,
opinion on the visual appeal of solar panels, and technical affinity. Existing scales
available from the literature were used where possible. Scales were generated to increase
reliability compared to single statements (Cooper, Schindler, and Sun 2006)and were

tested for internal consistency using Cronbach’s alpha. The values of each scale were

12 Centrality of visual product aesthetics (henceforth product aesthetics centrality) is defined as the level of

significance that visual aesthetics hold for a particular consumer in his/her relationship with products (Bloch
et al., 2003).
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obtained by averaging over the corresponding items. Table 2.2 provides details and

descriptive statistics.

Table 2.2 Respondents’ psychographic features: operationalization and

descriptive statistics

Variable

Items

Product
aesthetics
centrality

- Owning products that
have superior designs
makes me feel good
about myself.
- 1 enjoy seeing
displays of products
that have superior
designs.

- Beautiful product
designs make our
world a better place to
live.

- A product’s design is
a source of pleasure for
me.

- I am willing to spend
more  money  on
aesthetically beautiful
objects

Opinion on
visual appeal of
solar panels

-Usually, I like roofs
with  solar  panels.
-Most of the time, solar
panels on roofs are
unaesthetic*.

-Solar panels are well
suited to the exterior
appearance  of a
building.

-Solar panels have a
negative influence on
the appearance of a
building*.

Technical
affinity

- I inquire about
technical devices, even
if I have no intention of
buying.

- 1 love owning new
technical devices.
- I find it easy to learn
how to use an
electronic device.
- When it comes to
technical devices, 1
know my stuff.

Source Cronbach's Mean Median Standard
alpha deviation

Bloch et al. 0.9 3.5 3.6 0.8

2003;

(translated)

Own 0.9 3.5 3.5 0.9

(translated)

Adapted from 0.8 34 35 0.9

(Karrer et al.

(2009)
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Variable Items Source Cronbach's Mean Median Standard

alpha deviation
Environmental - Humans have the Adapted from 0.9 4.1 4.1 0.7
attitude right to modify their Dunlap et al.

natural environment to  (2000);
suit  their needs®. (translated)
- The balance of nature
is strong enough to
cope with the impacts
of modern industrial
nations*.

- Despite our special
abilities humans are
still subject to the laws
of nature.
- I am convinced that
the world’s climate is
changing.

- Climate change is
caused mainly by
humans and to a small
extent by natural
processes.

- The importance of
climate  change is
exaggerated*.

- There is a lot of
scaremongering in the
climate change
debate*.

* Reverse scale.

The survey then included closed-format questions to collect data on the respondent’s
socio-demographic characteristics. Those socio-demographic characteristics chosen for
the purpose of this study on the basis of the literature review are further described in

Table 2.3.
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Table 2.3 Respondents’ sociodemographic features: operationalization and

descriptive statistics

Variable Questions and answer options Mean or Standard
Sharein %  Deviation

Income class Respondents were asked to 3.3 1.2
choose among five income
classes (1 = Below 4880 CHF; 2
= 4880-7173 CHF; 3 = 7174-
9702 CHF; 4 = 9703 - 13170
CHF; 5 = Above 13170 CHF).

Accumulated Respondents were asked whether 63%

savings they are capable to make an (yes)
investment worth 50’000 CHF
without resorting to a loan.

Education Respondents were asked whether 41%
they hold a university degree. (yes)

Education  about  Respondens were asked whether 4%

solar energy . (correct
manufacturing  solar  panels
. answer)
requires more energy than they
ever produce in their lifetime®.
Age Respondents were asked how old  50.7 13.9
they are (in years).
Gender Respondent were asked what 60%
their gender is. (male)
Children in the Responden; 1.6 1.1

were asked to

indicate the number of underage
people living in their house.

house

Ownership of a Respondents were asked whether 80%
single house they lived in single-house or (yes)
not.

2 Photovoltaic (PV) cells have an approximate energy payback time of one to three years. With a lifetime of at
least 30 years, solar PV cells thus are capable of producing at least ten times as much electricity over the course
of their lifetime than what is required to manufacture them (Ebers and Wiistenhagen 2015).
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Finally, we measured in the survey the individuals’ exposure to the choices of their
social reference groups in two different ways (Table 2.4). First, we included categorical
questions related to the (perceived) behaviour of the respondent’s reference groups
regarding the installation of solar panels. More precisely, respondents were asked about
the number of neighbours, friends and family members who had already adopted solar.
Second, we investigated potential mechanisms behind possible social contagion effects
by (a) asking whether the respondents had talked (in person or online) to people who
had installed solar panels about their experience, and (b) by exploring the respondents’
perceived importance of peers’ expectations in their decision to install solar (i.e.

injunctive social norm).

Table 2.4 Respondents’ exposure to the behaviour of their social reference

groups: operationalization and descriptive statistics

Variable Questions and answer Mean or Share in Standard
options %0 Deviation
Respondents were

asked whether none
(1), a minority (2),
about half (3), a
majority (4) or all (5)

Amount of neighbours of their neighbours

who already adopted have already adopted 1.8 0.6

solar panels solar  panels. In
addition, an “I do not
know” answer option
was provided which
was coded as a missing
value.

Identical to question
and answer options g 0.6
above

Amount of friends
who already adopted
solar panels

Amount of family Identical to question

members who already and answer options | s 0.7
adopted solar panels ~ above
Respondents were

asked to rate their
agreement to  the

Peers’ pressure for Statement "I think that

installing solar panels ~ MOst of my 24 1.1

acquaintances expect
me to install solar
panels" on a Likert
scale ranging from 1 =
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Variable Questions and answer Mean or Share in Standard
options % Deviation

completely disagree to
5 = completely agree.

Respondents were

asked whether they

have talked to people 57¢,
who have already
installed solar panels (yes)
about their experience

(in person or online)

Inquiry about solar
panels

2.4.3 Customer segmentation and profiling

Data collected from the ACBC are used as input for a hierarchical Bayesian analysis.
This approach is used in order to estimate part-worth utilities separately for each
individual (Sawtooth Software 2009). Part-worth utilities are measures of the relative
desirability of product attributes; the higher the utility, the higher the positive impact
one attribute has on influencing people to opt for a certain product (Orme 2010). We use
individual part-worth utilities to segment the overall sample into different groups, each
one preferring one specific roof-renovation solutions among the set of a-priori
preselected competing solutions that we expect to be offered on the Swiss residential
market in a 10-year horizon. We assume a set of competing renovation options and
assume that respondents choose the option that provides them with the highest overall
utility, as determined by summing the part-worth utilities associated with each attribute

level that characterizes an option.

This a-priori approach to customer segmentation (Wedel and Kamakura 2012) is known
as “first choice” model or “maximum utility rule” (Sawtooth Software 2005; Orme
2010). It assumes that each respondent can choose for only one attribute/level
combination, which is the one that maximises her overall utility, and does not assume

any randomness in the choice (Orme 2010). This approach is used in the marketing
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literature (Sanchez and Gil 1997; Hal Dean 2004; Orme 2010). It differs from other
post-hoc segmentation approaches such as latent class analysis (used e.g. by Tabi et al.
2013 for segmenting potential green electricity consumers, as well as Islam 2014 for
segmenting potential solar adopters), an approach that discovers segments of
respondents who tend to have similar preferences based on their choice data, shows the
average utility for attribute levels by each segment and then can be used to define, ex-
post, the ideal attribute/level combination in each segment. For the decision problem
analysed in this study, it appears more appropriate to start, instead, from a-priori
preselected attribute/level combinations. In fact, as roof renovation solutions are capital-
intensive and cannot be easily customized based on individual preferences: house
renovators usually pick from a defined set of renovation solutions offered by an architect

rather than create their own customized solutions (Curtius 2018).

Expert interviews with architects, engineers, solar panel marketers, as well as a review
of marketing materials, led us to identify three competing roof-renovation solutions (and
therefore attribute/level combinations preferred within each market segment) that would
be most likely offered on the Swiss residential market in a 10-year horizon. The three
roof renovation solutions considered in these study are described along with the product
attributes that were found to be relevant for adoption in existing research (investment
cost, energy savings, colour of panels, building integration, panels’ origin) as discussed
in the literature section (Section 2.3). Other features of solar panels, such as efficiency,
degradation rate, or reliability (expressed, for instance, by years of warranty) were not
investigated and not considered in the definition of our two main solar options. While
these factors are clearly relevant for the technical and economic viability of a PV
installation, interviews with market experts and a review of the literature (Section 2.3)
suggest that with increasing technological maturity, those factors lend themselves to a
lesser extent to product differentiation. For example, almost all solar PV systems sold
in Switzerland now come with a 20-year warranty, which makes reliability less of a

concern for customers.
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More specifically, we consider the following solutions (Table 2.5): a standard lower-
priced solar option, featuring black rack-mounted modules; a higher-priced solar option,
featuring red-coloured and building integrated solar modules; a standard roof option
without any solar installation. While the standard solar option reflects the most
widespread solution available on the market for rooftop solar systems (Heinstein et al.,

2013); the premium solar option® is considered very promising for the Swiss residential

market (Heinstein et al., 2013, Hille et al., 2018). Based on expert interviews, we assume
that the latter enters the market with a premium, equal to 25% more compared to the
former (50’000 CHF versus 40’000 CHF). The standard red roof with no solar panels,
instead, is assumed to cost much less (10’000 CHF) compared to any solar-energy-
enriched solution, but does not lead to any revenue from electricity sales or any
reduction in electricity costs over the next 20 years (which is set at 20’000 CHF for the
two solar options). As far as the origin of the solar panels is concerned, we assume that
solar panels are manufactured in China; in fact, in 2016 eight of the top ten module
suppliers in the solar industry, which collectively had over 50% market share, were

Chinese companies (PVtech 2017).

13 Also referred to as “red solar tiles” because comprises building-integrated elements resembling standard tiles in
colour but able to generate power.
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Table 2.5 Roof renovation options considered in the study to create a customer

segmentation
Premium solar panels  Standard solar panels Standard roof (No
solar panels)
Roof type building-integrated building-attached solar No solar panels
solar panels panels
Colour of the solar Red Black Red

panels/ roof

Origin of the solar China China Not applicable
panels

Investment cost (in 50’000 40’000 10°000
CHF)

Reduction in 20’000 20’000 0

electricity costs over
20 years (CHF)

Once customer segments were identified, we then profiled the different segments and
looked for any significant difference with regard to sociodemographic, psychographic
and social indicators (chosen based on the literature review) by using Mann Whitney U-
tests for interval, ordinal and ratio variables, and Chi squared tests for categorical
variables. On the one hand, we contrast likely solar adopters (those preferring either the
premium or the value solar option) with likely non-adopters (those who prefer a roof
without solar panels); on the other hand, we compare potential premium solar adopters

to the more price-sensitive value segment.

2.5 Results and discussion

2.5.1 Profiling likely adopters vs. likely non-adopters

Our segmentation reveals that a large share (43%) of the respondents would not install
solar at all, given the assumptions on available options described in Section 2.4.3.
Compared to the other two segments of likely adopters, likely non-adopters get no or

very little utility gain from having solar panels on their roof, and get high disutility from
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Chinese-manufactured panels (Table 2.S2 in the Supplementary Materials). To better
understand what prompts future adoption of solar panels, we explore differences in
sociodemographic, psychographic, and social indicators between households willing to
install solar in the course of their next roof retrofit project (likely adopters) and those

who are not interested (likely non-adopters) (Table 2.6).

Table 2.6 Profiling likely adopters vs. likely non-adopters in terms of

sociodemographic, psychographic, and social indicators

Mean or share Mean or share

Variable ( Adopters (Non-adopters P-value (2-tailed)
segments) segment)
Income class (5 classes) 3.3 3.3 0.62
Accumulated savings (% yes) 69% 55% <.001 Hokk
Education (% university degree) 43% 37% 0.18
Education about solar energy (% correct 46% 42% 038
answer)
Age (years) 51.2 49.9 0.49
Gender (% male) 68% 48% <.001 HAE
Children in the house (n.) 1.6 1.5 0.27
Ownership of a single house (% yes) 80% 79% 0.81
Product aesthetics cent.rahty (5=highest 35 35 0.61
importance; 1=lowest importance)
Opinion on visual appeal of solar panels
(5=totally agree on solar panels being visually
. 3.6 34 0.02 *E
appealing; 1=not agree at all on solar panels
being visually appealing)
Technical affinity %
(5=highest tech. affinity 1=lowest tech. affinity) 34 3.3 0.06
Environmental attitude (5=highest env. attitude
. 4 4.1 0.51
1=lowest env. attitude)
Amount of neighbours who already adopted 18 16 <001 sk
solar panels (5=all; 1=none)
Amount of friends who already adopted solar 17 15 <001 sk
panels (5=all; 1=none)
Amount of family members who already 15 13 001 sk
adopted solar panels (5=all; 1=none)
Peerg pressure for installing solar panels 26 21 <001 sk
(5=highest pressure; 1=lowest pressure)
Inquiry about solar panels (% yes) 53% 48% 0.32
N 234 174
Projected market share in CH 57 % 43%

*** Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level.
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Interestingly, our results show that likely future adopters and likely non-adopters do not
differ with respect to income or education. This finding is consistent with recent studies
on late adopters by Sigrin et al. (2015) and Simpson and Clifton (2017). Similarly,
respondents’ age was not a good predictor of the likelihood to adopt solar panels in the
foreseeable future, a fact that resonates with the inconclusive evidence on the
relationship between age and adoption rate found in former research. Instead, we found
that women are less likely to opt for solar when undertaking a roof retrofit (p = <.01).
The finding that gender has an impact on adoption likelihood is a rather novel result and
calls for specific policy and marketing actions. A possible explanation could be
connected to the finding by Leenheer et al. (2011) that women have a lower intention to

generate their own energy.

Furthermore, non-adopters are more likely to be capital constrained: respondents’ ability
to invest 50’000 CHF without asking for a loan is a good predictor of the willingness to
install solar panels. This is consistent with Balta-Ozkan et al. (2015), who find that
adoption rate is influenced by wealth rather than income, and possibly also linked to the

eligibility of energy investments for a tax deduction.

Surprisingly, our survey data reveal that education about solar energy does not affect
intention to opt for solar panels: the share of respondents that hold the misconception
that manufacturing solar panels requires more energy than they ever produce in their
lifetime is approximately the same in the likely adopters as in the likely non-adopter
group. This finding is not completely unprecedented in the literature: Hampton and
Eckerman (2013), in fact, found that the perception that solar panels were worthwhile

from an environmental perspective was not a predictor of the intention to purchase solar.

Our analysis shows that environmental attitude is not significantly different between
those who have strong preferences for adopting solar panels and those who do not. This
is consistent with previous studies (e.g. Simpson and Clifton, 2017; Sigrin et al., 2015)

which argue that later adopters install solar not strictly for environmental reasons.
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Moreover, likely adopters tend to have, on average, more competence and interest in
technical innovation compared to likely non-adopters: this result is significant only at

the 10% level but consistent with Axsen et al. (2012).

Moreover, we show that aesthetic aspects do matter: those homeowners who prefer to
opt for a roof renovation project without installing solar panels are also those who think
that solar panels on roofs are not visually appealing and have a negative influence on
the appearance of a building (p = <.05). This confirms the finding by Faiers and Neame
(2006) that the visual attractiveness of solar panels is key for adoption in the later phases

of diffusion.

Turning to social indicators, our results are consistent with the existence of peer effects
in the decision to adopt solar panels. The (perceived) share of neighbours who have
already installed solar panels is significantly higher for likely adopters than likely non-
adopters (p = <.01), a finding consistent with the literature on solar spatial spill overs
(Bollinger & Gillingham, 2012). Furthermore, we show that not only neighbours, but
also friends and family influence people to opt for solar energy: likely adopters have a
higher share of friends and relatives who have already installed solar panels than likely

non-adopters (p = <.01).

Moreover, regarding solar adoption as a commonly approved behaviour by one’s social
reference group significantly increases homeowners’ intention to adopt: in fact, likely
adopters more strongly believe that most of their acquaintances expect them to install
solar panels compared to the likely non-adopters (p = <.01). This result supports the
findings by Curtius et al. (2018), who argue that homeowners are prompted to install
solar by the social pressure to comply with others’ behaviour, as well as previous
research on green electricity purchase (Litvine and Wiistenhagen 2011). On the contrary,
discussing (in person or online) with people who have already opted for solar about their
experience in the adoption process does not seem to significantly influence the

likelihood for adoption.
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2.5.2 Profiling premium segment vs. value segment

Our segmentation reveals that 26% of the respondents constitute the premium segment
preferring coloured and building integrated solar modules, whereas 31% constitute the
value segment with more price-sensitive customers (Table 2.7). Compared to likely
value adopters, likely premium adopters get a larger decrease in utility when the
resulting colour of the roof deviates from the traditional one (red) and a larger increase
in utility when going from building attached panels to building integrated ones (Table
2.S2 in the Supplementary Materials). Premium adopters’ utility decreases less when
investment cost increases, than value adopters’ utility. As a next step, we explore the
differences between homeowners willing to adopt a standard lower-priced solar option
(value segment) and those who are willing to go for a premium solution (premium

segment) (Table 2.7).
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Table 2.7 Profiling the premium vs. value segment

Mean or Mean or
share share
Variable (Value (Premium P-value (2-tailed)
Adopters Adopters
segment) segment)
Income class (5 classes) 3.3 3.3 0.79
Accumulated savings (% yes) 67% 71% 0.52
Education (% university degree) 39% 49% 0.15
Education about solar energy (% correct answer) 43% 50% 0.25
Age (years) 50.2 52.5 0.27
Gender (% male) 70% 66% 45%
Children in the house (n.) 1.7 1.6 0.61
Ownership of a single house (% yes) 82% 78% 0.45
Product aesthetics centrality (5=highest importance; 34 36 0.04 .

1=lowest importance)

Opinion on visual appeal of solar panels (5=totally
agree on solar panels being visually appealing; 1=not 3.6 3.6 0.26
agree at all on solar panels being visually appealing)

Technical affinity
(5=highest tech. affinity 1=lowest tech. affinity) 34 34 0.73
Environmental attitude (5=highest env.attitude
] 4 4.1 0.1 *

1=lowest env.attitude)
Amount of neighbours who already adopted solar

1.8 1.8 0.8
panels (5=all; 1=none)
Amount of friends who already adopted solar panels 17 17 071
(5=all; 1=none)
Amount of family members who already adopted solar

1.5 1.5 0.99
panels (5=all; 1=none)
Peers’ pressure for installing solar panels (5=highest

2.5 2.6 0.6
pressure; 1=lowest pressure)
Inquiry about solar panels (% yes) 50% 50% 0.77
N 128 106

31% 26%

Projected market share in CH

*#% Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level.
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As explained in Section 2.4.3, a value segment’s likely adopter is defined as a
homeowner who obtains a higher utility from choosing a standard solar product (black
building-attached solar panels, costing 40 000 CHF) rather than from not installing solar
panels or opting for a more expensive premium solar option (red building integrated
panels, costing 25% more than the standard ones) on her/his newly renovated roof. Note
that, as there is no previous literature which compares groups of likely solar adopters
with different willingness to pay and different preferences for the product’s features, we
had no priors on the dimensions that could discriminate between our two likely adopter
segments. Therefore, we have compared the two segments along the same dimensions

used to compare likely adopters and non-adopters.

Our analysis shows that sociodemographic factors did not play a significant role in
explaining the difference between the two segments of likely solar adopters. In contrast,
our results suggest that psychographic aspects have higher explanatory power to
understand segment affiliation. More precisely, the premium segment tends to care
about aesthetic aspects to a significantly greater extent in their general product
purchasing decisions (p = <.05). This finding is certainly plausible given that a BIPV
system often resembles conventional roofs in terms of colour and shape, and thus
contributes to an improved visual appearance of the overall building. Hence, BIPV -
even when priced at a premium compared to conventional rack-mounted solar panel

solutions - would appeal to people that care about the visual appeal of products.

Furthermore, we also find the premium segment to report stronger environmental
motives compared to the value segment, albeit only significant at the 10% level. In other
words, the above-average willingness to pay for a premium solar product is still likely

to come from more environmentally-oriented people.

2.6 Conclusions

Further deployment of solar panels on existing residential buildings is a key requirement
to speed up decarbonisation. Against a background of decreasing policy incentives for

renewables, successfully extending the demand for residential solar energy will crucially
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depend on the ability to meet the preferences of homeowners who face the option of

installing solar panels in the context of a building retrofit.

Adding to the literature on the drivers of past solar adoption, this study focuses on the
next generation of solar adopters and identifies two different segments of likely solar
adopters: a premium segment preferring coloured and building integrated solar modules,
and a value segment with more price-sensitive customers. Differences between likely
adopters and likely non-adopters of solar panels in the context of the next roof-
retrofitting project, as well as between the two prospective segments of likely adopters,
are investigated along socio-demographic, psychographic, and social indicators. A
number of marketing and policy recommendations can be drawn from the results of the

study.

First, we have found that households’ intention to install significantly correlates with
the perceived visual attractiveness of solar panels: likely non-adopters tend to consider
them unattractive and in general not fitting the exterior appearance of buildings. This
suggests that changing the perception of how solar panels fit the appearance of buildings
is important for adoption in the later phases of solar diffusion. This can be done by
investing in improving the aesthetic aspects of the technology. However, our analysis
also shows that a significant share of future solar adopters is not willing to pay a
premium for their beauty and visual appeal, as they care more about the budget. Data on
Swiss homeowners indicate that, even in an affluent country, likely adopters are almost
evenly divided into a premium and a value segment, with the latter choosing a
conventional lower-priced option with rack-mounted solar panels. On the other hand,
the former segment features higher willingness to pay for coloured and building
integrated solar modules. This calls for product differentiation to meet different
customer preferences and price sensitivity: while some suppliers can focus on cost
leadership and target the value segment, others can develop high-priced design solutions

suitable for premium customers.

In this regard, marketers should be aware that, while sociodemographic features do not
help much distinguish the premium segment from the value segment, both the

importance that people assign to the visual appeal of the product in their purchasing
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decisions and their environmental attitudes do. More precisely, the willingness to adopt
innovative premium solar products, such as coloured BIPV, is likely to come from
design lovers and environmentally friendly consumers. Marketing recommendations
from these findings include placing advertisements for coloured BIPV in design
magazines, promoting coloured BIPV in design hotels or galleries, or collaborating with
famous architects when equipping high-profile public buildings with coloured BIPV in

order to foster acceptance within the architects’ community.

Second, our results suggest that not only spatial peer effects but also friends’ and family
members’ choices matter for the intention to install solar panels: strong preferences for
adoption correlate positively with the number of friends and family members who have
already installed solar. This opens a new route for marketers and policymakers who want
to leverage on social contagion effects. For instance, the visibility of existing solar
panels could be increased among acquaintances by using referral marketing solutions
when selling solar panels, and by implementing a ““solar energy adopter check” on social
network profiles to quickly inform someone’s network about their choice of going solar;
alternatively, solar marketers and policymakers may disclose information on how many
people working in a company, attending a given university or affiliated to a given

association have already installed solar.

Third, the customer segmentation provided here can be of interest for budget-
constrained policymakers aiming to foster residential solar, too. In particular,
anticipating which roof-renovators are the most and least willing to adopt solar energy
can be instrumental to target incentives specifically towards a group of consumers
different to those who would otherwise adopt. In this regard, our data suggest that female
homeowners are less likely than males to choose solar energy when undertaking a
building retrofit, and that non-adopters are more likely to be capital constrained, hence
policymakers may consider the gender dimension and potential adopters’ liquidity

constraints when designing support schemes.
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This study is subject to some limitations which can serve as starting points for further
research. First, the results of the segmentation, and hence the estimated size and
composition of each consumer group, are based on our a-priori assessment of existing
roof-retrofit solutions available on the market. The three options reflect realistic product
offerings in the context that we observed, the Swiss residential market. A post-hoc
segmentation approach, based on stated preferences for attribute levels combined with
a latent class analysis, could complement our findings and potentially help to identify

untapped market potential for new products.

Second, the results of the segmentation are based on data from one particular country
(Switzerland). Replicating the analysis in other countries, with different income levels
and different importance assigned to product aesthetics, would help assert to what extent
the results, and in particular the role of visual appeal and the size of the premium

segment, are generalizable beyond the Swiss context.

Third, the adopted technique does not allow to infer causality - which may deserve
further analysis — nor does it allow to quantify the impact of each factor on the
willingness to pay for solar panels; hence, it would be interesting to complement the
univariate non-parametric analysis with multivariate statistical analysis that regresses
the likelihood to be in one segment on the adopter’s features addressed in the present

study, and that assesses interaction between different factors.
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2.8 Supplementary materials

Table 2.S1 Characteristics of the sample (n=408) in comparison with the

structure of the population of Swiss homeowners

Characteristics

ACBC sample (n=408) — in %

Swiss homeowners average — in
%

Gender (p < 0.001)

Female

Male

Age (p < 0.001)

18-29 years

30-44 years

45-59 years

60- years

Level of education (p < 0.001)
Low/medium

High

Language region (p = 0.9251)
German-speaking Switzerland

French-speaking Switzerland

40.2
59.8

9.1
243
39.5
27.2

59.3
40.7

77.2
22.8

51.12
48.9

14.9
17.1#
31.9¢
36.1*

69.4°
30.6°

76.5%
23.5%0

Note: The p-values from the one-sample test of proportion are included in parentheses, which show whether
significant differences between the overall study sample and the average in the population of Swiss homeowners

could be identified.

2 Source: Federal Statistical Office (2017);

b Percentages refer to the German and French-speaking part of Switzerland and exclude the Italian-speaking part

of Switzerland
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Table 2.S2 Mean utility values for each attribute level, by segment, expressed as

differences to the baseline level

Segments P-value for difference test”
Likely Likely Likely between (1) between (1) between
non value premium and (2) and (3) (2) and
adopters  adopters  adopters 3)
@) 2 3)
Segment size n=174 n=128 n=106
Segment market 43% 31% 26%
share
Attribute Level
Roof type NO PV (baseline) 0 0 0
BAPV -1 188 106 <001  #kx <001 kEx <.001  #%¥*
BIPV 36 171 198 <.001 ek <.001 ek 0.02 =
Colour of Red (baseline) 0 0 0
the solar Black -35 32 -49 <.001 ek 0.34 <.001 e
panels/roo Blue -118 -19 -107 <.001 0.25 <.001 ek
f
Investmen 10 000 (baseline) 0 0 0
t cost CHF
40 000 -73 -99 -60 <.001 sk 0.13 <.001  #k*
CHF
50 000 -98 -133 -81 <001  Hkx 0.13 <.001  #k*
CHF
Origin of CH (baseline) 0 0 0
the solar DE -36 =27 -20 0.01  *k* <.001 ks 0.11
panels PRC -176 -83 -87 <001 #*%% <001 *** 0.34
Reduction 40 000 (baseline) 0 0 0
in CHF
electricity 30 000 -27 -34 -29 <001  #kx 0.4 0.07 =
costs over CHF
20 years 20 000 -39 -63 -45 <.001 ek 0.19 <.001 ¥k
CHF
Purchase Free e- (baseline) 0 0 0
premium bike
Tesla -5 2 3 <001 wkk <001 ckek 0.77
raffle
1000 -3 -3 -2 0.85 0.49 0.45
CHF
discount

AMann Whitney U-tests (2-tailed).
Utility value for each attribute level estimated with Hierarchical Bayesian Analysis.

*** Significant at the 1% level ** Significant at the 5% level * Significant at the 10% level.
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3 Study 2: The price of risk in residential solar investments 4

Beatrice Petrovich!516, Stefano Carattini'?, Rolf Wiistenhagen'¢

Abstract

Households are key actors in decarbonising our economy, especially when it comes to
investments in a decentralised energy system, such as solar photovoltaics (PV). The
phasing-out of feed-in tariffs, and unexpected policy changes in the wake of an
increasingly polarized climate debate, require residential PV investors to bear new risks.
Conducting a discrete choice experiment coupled with a randomized informational
treatment among potential residential solar investors in Switzerland, we test whether
policy and market risks deter households from investing in solar. We find that salient
policy risk reduces households’ intention to invest in solar, especially for risk-averse
individuals. Conversely, households seem less sensitive to market risk: residential solar
investors accept volatile revenues, as long as a price floor for excess electricity sold to
the grid is guaranteed. Our study suggests that keeping perceived policy uncertainty low
is more important for residential solar investors than fully hedging against electricity

market risk.

Keywords: residential solar investors; risk preferences; policy risk; market risk;

discrete choice experiment; information asymmetries

14 Published in Ecological Economics (2021), Volume 180: 106856.
https://doi.org/10.1016/j.ecolecon.2020.106856 An earlier version of this work has been published in a
report for the Swiss Federal Office of Energy (Baranzini et al. 2019).

15 Corresponding author.

16 University of St. Gallen, Chair for Management of Renewable Energies.

17 Department of Economics, Andrew Young School of Policy Studies, Georgia State University, CESifo,
Grantham Research Institute on climate change and the environment, London School of Economics and
Political Science, and SIAW-HSG and Department of Economics, University of St. Gallen.
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3.1 Highlights

* Policy risk negatively affects Swiss households’ willingness to invest in solar.

* Households may underappreciate policy risk due to information asymmetries.

* If new information makes policy risk salient, some are likely to leave the market.

* Households are rather insensitive to market risk, if a positive price floor exists.

* Residential solar investors care more about stable policies than secure revenues.
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3.2 Introduction

Transitioning from fossil to renewable electricity generation is necessary to successfully
address climate change. Among all renewable energy solutions, solar photovoltaics (PV)
are expected to expand globally the most over the next 5 years, with small-scale solar
PV systems playing a key role (IEA 2018c). Over the last ten years, households, in
particular, have contributed substantially to the financing of small-scale solar capacity
(Bergek, Mignon, and Sundberg 2013; Karneyeva and Wiistenhagen 2017; Clean
Energy Wire 2018), by investing in solar PV systems installed on residential buildings.
Households tend to represent the lion’s share in terms of the number of installed systems

and often also play an important role in terms of installed capacity.

Households are hence important actors in the energy transition — not just as consumers,
but also as investors. A predictable and stable framework is deemed critical for attracting
investment (Baker, Bloom, and Davis 2016; World Bank 2019), and the energy sector
is no exception. Past literature has shown that reducing policy and market risk is an
important feature of effective and efficient policy design (Mitchell, Bauknecht, and
Connor 2006; Butler and Neuhoff 2008; Barradale 2010; Liithi and Wiistenhagen 2012;
Salm 2018; Botta 2019; Ostrovnaya et al. 2020). In this literature, and by extension in
this Chapter, “policy risk” is defined as the risk emerging from the uncertainty around
future energy and climate policies and their potential to worsen the investment case for
renewable energy producers, while “market risk” refers to the risk emerging from the
fact that future monetary benefits from renewable electricity generation depend on the

uncertain evolution of market variables, such as the price of electricity.

However, despite the importance of residential investors in financing decarbonisation
of the energy system, past empirical studies assessing the role of risk in investment
decisions have traditionally focused mostly on corporate and institutional investors.
With this Chapter, we contribute to closing this research gap by investigating to what
extent households’ willingness to invest in solar PV systems depends on policy and

market risk.
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This question is especially relevant in a situation where recent policy developments have
made the investment environment risky for owners of residential solar PV systems. For
instance, recently, a number of European countries unexpectedly, and in some cases
retrospectively, reduced subsidies to solar producers (IEA 2018a). Policy uncertainty
has also concerned federal renewable support schemes in the United States (Barradale
2010). When policy risk materializes, it leads to unexpected losses for solar investors.
Looking ahead, the increasing polarization of the climate change debate (Fisher,
Waggle, and Leifeld 2013; Pidgeon 2012; Fisher and Leifeld 2019) could make U-turns
in energy and climate policy more likely, thus increasing policy risk perceived by
investors. Moreover, the change in the policy design from promotion instruments that
provide residential solar investors with long term state-guaranteed revenues (e.g. feed-
in tariffs) to investment grants, feed-in premia and incentives for self-consumption
(REN21 2017), implies a higher degree of uncertainty around the monetary benefits of
solar investments, which now depend on the uncertain evolution of electricity market
variables. That is, residential solar investors are also becoming increasingly subject to

market risk.

In this risky environment, would households continue to invest in decentralized energy,
and hence provide a key contribution to decarbonisation? We investigate this question
by analysing stated preferences for intention to invest in residential solar PV systems
under different levels of policy and market risk. Stated preferences are obtained through
a discrete choice experiment, which we couple with a randomized informational
treatment to test for information asymmetries on the assessment of policy risk. In our
choice experiment, participants have to trade off between hypothetical solar PV systems
for their house, each of which is characterized by different levels of policy- and market-
driven investment risk. In the treatment condition, additional information from publicly
available sources is provided to participants to make them aware of the possibility of
policy changes that can potentially affect the payment of future financial support for
existing solar PV systems. Hence, we can test directly whether policy risk is entirely

factored in to households’ expectations or if, instead, households proceed to a revision



54

of their beliefs when new information makes policy risk salient. The study was realized
online with a sample of 750 Swiss households, selected to represent a realistic segment
of potential PV investors. Switzerland, with more than 80,000 installations, is one of
Europe’s fastest growing residential solar markets and one of the countries in the world
with the highest density of solar PV (IEA 2018a; Swiss Federal Office of Energy 2019).
Switzerland is also one of the countries transitioning from feed-in tariffs to investment
grants and one of the countries in which policy changes occurred leading to the
materialization of policy risk. In particular, it has been characterized by policy risk ever
since the introduction of feed-in tariffs in 2009, since both the timing and the amount of
the subsidy were characterized by uncertainty (Karneyeva and Wiistenhagen 2017).
Furthermore, Switzerland is a very interesting context to analyse households’ (voters’)

expectations, due to the high permeability of its democratic system.

We find that households interested in purchasing a solar system in the near future are
not correctly informed about the materiality of policy risk and tend to underestimate it.
Therefore, if policy risk becomes salient to them and it is factored in in their investment
decisions, it significantly reduces their intention to invest in solar PV. Households who
have stronger risk aversion are less likely to invest in solar PV systems and are more
sensitive to changes in policy risk and its salience. When becoming aware of policy risk,
some individuals go as far as to shy away from an investment in solar altogether, rather
than reducing the amount of money they invest in the technology. Moreover, we find
that, compared to other categories of renewable investors, households are less sensitive
to market risk. Therefore, we conclude that keeping perceived policy uncertainty low is
more important for residential solar investors than fully hedging them against market

risk.

This Chapter contributes to two strands of literature. First, we contribute to an emerging
literature on the role of risk in renewable energy investment decisions, which has
focused so far mainly on corporate and institutional investors. This literature identifies
two main sources of risk that significantly deter investment decisions of professional

investors: policy and market changes. As for market risk, the success of feed-in tariffs
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in creating viable markets for emerging renewable energy technologies has been
explained by their ability, with respect to business as usual, to reduce market risk borne
by producers (Butler and Neuhoff 2008; Mitchell, Bauknecht, and Connor 2006). In
fact, exposure to market risk, understood as uncertainty about the future revenue stream
from a renewable energy project due to volatile electricity market prices, raises the cost
of capital for renewable generators and deters investment decisions (Botta 2019;
Ostrovnaya et al. 2020). In particular, using a discrete choice experiment design, Salm
(2018) and Salm and Wiistenhagen (2018) find that professional investors demand
significant risk premiums, in the order of 7 %-9 % higher internal rate of return, for full
exposure to electricity price risk. Further, Salm (2018) finds that 56 % of European
institutional investors and 30 % of electric utilities would regard a renewable energy
project that is fully exposed to electricity price risk as unacceptable. As for policy risk,
European and US-based professional investors tend to be very sensitive to policy
uncertainty. In particular, Liithi and Wiistenhagen (2012), using evidence from a
discrete choice experiment with professional solar PV developers, quantify significant
“price tags” that can be attached to specific policy risks, including uncertainty on future
incentive payments induced by an approaching capacity cap. Barradale (2010)
concludes that uncertainty on investment returns generated by the unpredictability of
support policy can deter US-based energy professionals from taking positive investment
decisions. We contribute to this strand of literature by assessing the impact of policy and
market risk on households’ intention to invest in solar PV, which is still unexplored
despite the fact that this investor type plays a key role in financing the decarbonisation
of our economy, especially when it comes to investments in a decentralized energy

system.

Second, we contribute to a broader literature on the diffusion of new technologies and
adoption of green innovations in the residential sector. The literature on the diffusion of
energy efficient technologies shows that risk considerations are important determinants
of households’ investment decisions concerning energy efficient technologies. In
particular, a number of studies have shown that risk-averse individuals are less likely to

invest in energy efficiency (Sutherland 1991; Hassett and Metcalf 1993; Farsi 2010;
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Qiu, Colson, and Grebitus 2014; Schleich et al. 2019). These findings are consistent
with learning by doing and learning from others in the adoption of new technologies
(Bass 1969; Mansfield 1961), which play an important role in the market for residential
solar PV (see Carattini, Levin, and Tavoni 2019 for a survey of the evidence on peer
effects in the adoption of solar PV, which also includes a study for Switzerland, namely
Baranzini, Carattini, and Peclat 2017). As in the case of energy efficiency technologies,
investment in solar PV systems combines an upfront cost with future benefits that
depend on uncertain developments, including changes in government incentives and
electricity market prices. There is therefore good reason to believe that risk
considerations could be important deterrent factors for households’ intention to invest
in residential solar. Yet, to the best of our knowledge, this relationship has not been
studied so far. Our study fills this gap in the literature. Suggestive evidence on a potential
role of risk in households’ solar investment decisions, however, can be found in recent
empirical studies on residential solar adoption, showing that households significantly
discount subsidies for solar if these are not paid immediately to them (Bollinger et al.
2018; De Groote and Verboven 2019). This finding could be attributed to present bias
or intrinsic consumer myopia (i.e. systematic overvaluation of the present compared to
the future, leading to hyperbolic discounting of future payoffs, see Thaler 1981). Very
high observed implicit discount rates may, however, not be entirely driven by time
preferences. Aversion to the risk connected to policy uncertainty may also play a role
(see Frederick and Loewenstein 2002; Andreoni and Sprenger 2012). That is, risk-averse
households may anticipate that a longer time span over which subsidies are received
may imply a higher risk of policy change, and could therefore discount financial support
that is not paid immediately to them. Our study provides novel evidence on the

underlying factors explaining households’ discounting of renewable energy subsidies.

The remainder of this Chapter is structured as follows: Section 3.3 provides an overview
of the relevance of policy and market risk for solar investments; Section 3.4 presents
methodology and data; results are presented and discussed in Section 3.5; finally,

Section 3.6 concludes.
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3.3 Policy background

A number of countries recently implemented policy changes impacting the profitability
of solar investments. Italy and Spain reduced the level of financial support promised to
already existing PV systems in 2016; Bulgaria, the Czech Republic, and Romania have
discussed or applied such measures in the last three years (IEA 2018a); Switzerland’s
new Energy Law, passed in 2017, reduced the amount of financial support for already
existing PV systems that were in the waiting list for feed-in tariffs (Swiss Federal Office
of Energy 2018; Beobachter 2018). In the United States, renewal uncertainty concerning
the federal production tax credit has deterred long-term investment in wind energy
(Barradale 2010). Despite growing awareness of the urgency of addressing climate
change and increasing cost-competitiveness of renewable energy sources, the increasing
polarization of the climate change debate (Pidgeon 2012; Fisher, Waggle, and Leifeld
2013; Fisher and Leifeld 2019) could make U-turns in energy and climate policy more
likely, thus increasing risk for investors. This makes our examination of policy risk all

the more relevant.

Recent policy developments have also implications for the level of market risk!® borne

by households investing in solar PV systems. In light of a dramatic decrease in PV
technology cost (Creutzig et al. 2017), several governments are reconsidering their
policies supporting renewables. In particular, all over Europe we observe the phase-out
of policies that provide solar investors with a secure revenue stream such as feed-in
tariffs, or FITs (IEA 2018a). Currently discussed or recently implemented alternative
support schemes include investment grants, feed-in premia, auctions, and incentives for
self-consumption of solar energy (REN21 2017). This change has implications in terms

of risk borne by solar producers: compared to FITs, the risk related to fluctuating

18 In line with the literature, we use these two broad categories, “policy risk” and “market risk”, while recognizing
that the evolution of market variables, such as the retail and wholesale electricity prices, is partly influenced
by policy decisions. In this dichotomy, market risk comprises situations whereby unexpected policy changes
affect the investment case via their influence on market variables; while policy risk occurs, for instance, in
the case of retrospective cuts to an incentive scheme.
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electricity prices (market risk) is shifted from electricity consumers onto residential
adopters. The new instruments imply that solar producers have to recover their upfront
investment cost through future revenue streams that are uncertain: energy cost savings
from self-consumption and revenues from sales of excess electricity production. The
amount and stability of electricity sales depend on the characteristics of the agreement
that solar investors have with the counterparty purchasing excess solar power (local
electric utility, grid operator, or other private entity). The realized amount of energy cost
savings from self-consumption is also uncertain at the time of the investment decision,

as it depends on the evolution of retail electricity prices and rules on grid charges.

3.4 Material and Methods

As highlighted in the Introduction, previous studies suggest that households, similarly
to professional investors, form perceptions on policy and market risk, which enter their
calculations when investing in clean technologies. However, perceived risk may differ
from actual risk for households who underestimate or fail to take into account some risk
elements when evaluating investment opportunities. Information asymmetries may lead
individuals to overestimate risk, slowing down adoption of a new technology (Conley
and Udry 2010), or to underestimate risk, which might lead to disappointment and
under-investment in a later stage, for instance after the technology hype cycle has
peaked (Linden, and Fenn 2003). Underappreciation of risk may be especially likely
when such risk is not particularly salient (Simon 1955, 1959), and when the feedback
necessary to correct beliefs is relatively infrequent, as it may be the case with policy

reversals.

Based on the literature, we expect that, everything else equal, households’ likelihood to
invest in solar PV systems decreases when policy or market risk increases. Moreover,
we conjecture that households tend to be not correctly informed about the actual degree
of policy risk and thereby, everything else equal, households’ willingness to invest in
solar decreases when policy risk becomes more salient. To what extent variation in risk
affects people’s decisions under uncertainty should depend on their risk preferences, in

line with economic theory (Arrow 1951); therefore, we expect that, everything else
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equal, households who have stronger risk aversion are less likely to invest in solar PV

systems and are more sensitive to changes in policy and market risk, or in its salience.

To investigate the impact of risk on households’ solar investment decisions, we use a
discrete choice experiment (DCE) coupled with a randomized informational treatment.
DCEs are an indirect method of eliciting individual stated preferences for different
product features. It is rooted in the marketing and transport literatures (Green and
Srinivasan 1990; Train 2009) and enjoys growing popularity in energy and
environmental economics (Johnston et al. 2017), political science (Bechtel and Scheve
2013; Hainmueller, Hopkins, and Yamamoto 2014), and investor research (Masini and
Menichetti 2012; Salm 2018). Previous studies have adopted DCEs to investigate energy
investment decisions of households, including the purchase of a residential solar PV
system (Islam 2014; Bao et al. 2017; Hille, Curtius, and Wiistenhagen 2018), the
purchase of a product bundle of an electric vehicle with a residential solar PV system
(Priessner and Hampl 2020) and energy efficiency investments in the home (Alberini,
Banfi, and Ramseier 2013; Dharshing, Hille, and Wiistenhagen 2017). Participants in
DCEs have to choose repeatedly between two, or more, hypothetical product alternatives
which randomly vary on a number of dimensions, known as “product attributes”, such
as price, brand etc. (Green and Srinivasan 1990; Train 2009). The analysis of
participants’ choices over a large number of rounds (“choice tasks™), where the levels
of the attributes are randomly combined across the presented alternatives, allows to
estimate the impact of each attribute on the likelihood to purchase the product, as well
as the influence of changes in attribute levels on respondents’ utility, and hence

ultimately willingness to pay (Green and Srinivasan 1990; Train 2009).

In what follows we describe the data and sampling procedure, the randomized

informational treatment, the DCE design, and the empirical approach for the data
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analysis. The full survey questionnaire, translated to English, is included in Baranzini et

al. (2019).19

3.4.1 Data and Sampling procedure

We carefully identified a sample of 750 potential residential solar PV investors in
Switzerland, who participated in our online survey in December 2018. In our study,
potential residential solar PV investors are defined as households who report to be
capable of and interested in purchasing a solar PV system for their own house in the
next 5 years. This is important because the external validity of stated preference studies
is maximized by the verisimilitude of hypothetical choices (Lancsar and Swait 2014).
We selected our sample of Swiss potential residential solar PV investors by stratifying
survey invitations and implementing precise screening rules for participation in the
survey. Our sample was recruited by a professional Swiss market research firm, that
operates an actively recruited panel of 100’000 people living in Switzerland. The market
research firm remunerated the respondents who successfully completed the survey by

means of ‘credit points’ that they can spend in designated online shops. A quality control

question was added to exclude inattentive respondents.?

The survey was accessed by 1’492 homeowners, contacted through invitations stratified
according to language region, age, gender, political orientation, and education, in order
to match the distribution of these variables in the Swiss population. In order to be
included in our final sample, respondents had to own a house, have not installed solar

photovoltaics yet, and be interested in purchasing a solar PV system in the next 5 years?!

(Figure A.1 in Appendix A). About 8 % of the homeowners who accessed our survey

stated that they already owned a solar PV system and were excluded from the final

19 The original questionnaire was available in French, German, and Italian.

20 Qur “trap question” consisted of a simple attention check asking: “Please select the word ‘energy’ from the
following list.” Respondents were given a list of four items to choose from, including ‘energy’, ‘politics’,
‘environment’ , ‘buildings’ and ‘I do not know’. Observations of 42 respondents who selected the wrong
answer to this question were not included in the sample.

2l The corresponding screening question was: “Would you consider installing a solar PV system in the next 5
years? Please consider that the cost range for a typical solar PV system for a residential house in Switzerland
is CHF 15,000-30,000, depending on capacity, preferred features, installer etc”. Respondents who answered
negatively were excluded from the survey.



61

sample; of the remaining respondents, 53 % reported interest in investing in a solar
system and were included in the final sample. Note that this expression of interest came
after the respondents were informed about the cost range for a typical solar PV system
for a residential house in Switzerland (CHF 15,000-30,000) and saw pictures showing
how it could realistically look like. Figure A.2 in Appendix A reports the relative
importance of each of the possible motives for not being interested in solar as indicated
by the respondents. Figure A.2 is based on the 585 observations that were screened out
by our survey design and responded our question about lack of interest in solar PV

systems.?? In particular, collected responses point to perceived liquidity and structural

barriers to solar adoption. While over a third of households who reported no interest in
solar PV systems indicated that this investment option was too expensive for them, about

another third deemed their house or place of residence not fit for a solar PV system.

Strong actual readiness to invest in solar energy by respondents in our final sample is
confirmed by the fact that many respondents were willing to take tangible action towards
the purchase of a solar PV system after completing the survey. In particular, 26 % of the
survey respondents chose to be redirected to an online platform, run by the Swiss Federal
Office of Energy, that provides non-binding quotes for the actual purchase of a solar PV

system.

Of course, not all prospective investors become actual investors. However, the relatively
high interest observed in our data is consistent with Switzerland being one of the
countries in the world with the highest density of solar PV and one of Europe’s fastest
growing residential solar markets, with about 80,000 installations in 2018 (IEA 2018;
Swiss Federal Office of Energy 2019). Using data from the Swiss Federal Office of
Energy (see Baranzini, Carattini, and Péclat 2017 for a description), Miiller and
Trutnevyte (2020) provide forecasts for about the same quinquennial to which our study
refers (2018-2022), pointing to continued growth in the Swiss solar market. The level

of interest observed in our data is also consistent with another recent survey on building-

22 More precisely, as illustrated in Figure A.1 in Appendix A, 1’492 homeowners accessed the questionnaire: 115
(8 %) were screened out as they own solar already; of the remaining ones, 585 (39 %) were screened out as
they reported no interest in solar and all of them responded to the follow up question on lack of interest in
solar PV systems.
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scale renewable energy technologies in Switzerland (Cousse, Kubli, and Wiistenhagen

2020) and with online traffic to the platform for prospective solar owners run by the

Swiss Federal Office of Energy.?3

Relevant covariates for our sample were measured in the final section of the survey. In
particular, we elicited individual risk preferences (i.e. whether respondents tend to be
risk-seeker or risk-averse, as per standard procedure in a context unrelated to solar
investments) and time preferences (i.e. how much respondents discount future certain
gains and so how patient they are) following the approach developed by Falk et al.
(2016, 2018) and used in the Global Preference Survey. This approach is experimentally
validated and allows to obtain credible estimates of risk and time preferences without
incentivized tasks (see Falk et al. 2016, 2018 for more details about the methodology).
Respondents’ environmental preferences were measured through a standard survey item
developed for the World Value Survey (Inglehart et al. 2014). Other socio-demographic
and psychographic features were gathered through the market research agency. Table
3.A.1 in Appendix A presents the corresponding descriptive statistics for our sample

and compares them with the distribution in the entire Swiss population.

3.4.2 Treatment

In the first section of the survey, all respondents in our sample read a short introductory
text, explaining the features of solar PV systems and informing about existing federal
incentives for residential solar PV investors in Switzerland. In particular, they were told
about the existence of a one-off investment grant that covers a share of the system cost
and 1s paid after the system is commissioned. All respondents were told that the waiting

time for the payment of the grant may exceed two years.?* Then, respondents were

randomly assigned to one of two groups (treatment and control group), with only one

group (treatment group) been provided additional information about policy risk

23 The total number of unique visitors of this online platform, and in particular of the calculator of solar profitability
(energieschweiz.ch/page/de-ch/solarrechner, last accessed June 30, 2020), was about 10,000 visitors per
month in 2018. Over a period of 5 years, that would correspond to about 30 % of Swiss homeowners, showing
interest in purchasing solar PV systems, based on this platform alone.

24 Note that in 2018 the Swiss federal government committed to significantly shorten the waiting time for solar
incentives, reducing the waiting time for small solar PV systems to 1.5 years. All respondents were informed
about this after completing the questionnaire.
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connected to solar investments in Switzerland. The randomized provision of information
aimed at testing the role of policy risk’s salience and existence of information
asymmetries in the assessment of risk, consistent with the principles of causal inference
(Duflo, Glennerster, and Kremer 2007). Treated respondents were told about policy
changes to solar subsidies that actually took place in Switzerland and were informed
about factors that could reduce the promised amount of financial support for solar PV
systems. Subjects in this group saw a snapshot of an article in one of the most frequently
read Swiss online news portals reporting about long delays in the payment of solar

subsidies.?> Table A.2 in Appendix A compares the information set between the

treatment and control group. The information that we provided was publicly available,
so in principle, if respondents were rational and perfectly informed on risk-adjusted
returns from investment in a solar PV system, they would factor in the actual level of
policy risk in their choices and our informational treatment would not change their

decisions.

Table 3.A.3 in Appendix A shows that the two groups which respondents were randomly
assigned to (control and treatment group) are very well, albeit not perfectly, balanced in
terms of covariates. As per standard procedure, we include covariates as control

variables in our empirical estimations.

Responses to a question on perceived policy risk connected to solar investments, placed
after the choice experiment section, suggest that our treatment led to an update of
people’s beliefs on policy risk, consistent with the presence of information asymmetries.
In particular, we asked each respondent: “If you buy a solar system today and the federal
government promises you to pay an investment grant after a certain waiting time, how
likely do you think it is that you are indeed going to be reimbursed?”. The share of
people who responded ““sure” or “very likely” drops from 59 % to 45 % for the treatment
compared to the control group, while the share of people who responded “rather

unlikely” or “very unlikely” increases from 9 % in the control group to 14 % in the

% The article was a real article published on the swissinfo.ch portal in December 2017 and available in German,
French and Italian (https://www.swissinfo.ch/fre/solaire--des-ann % C3 % A9es-d-attente-pour-des-
subventions-f%C3%A9d%C3%A9rales/43725970; https://www.swissinfo.ch/ger/alle-news-in-
kuerze/jahrelange-wartezeit-fuer-subventionen-des-bundes-fuer-solaranlagen/43725688;
https://www.swissinfo.ch/ita/sussidi-per-impianti-solari--tempi-di-attesa-si-allungano/43726218).
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treatment group (Figure 3.1). All these differences are statistically significant at the 95%

confidence level (Table 3.A.4 in in Appendix A).



65

Figure 3.1 Perceived policy risk connected to solar investments, by experimental

group (% of respondents)

OControl B Treatment

do not know

rather unlikely or very unlikely

rather likely

certain or very likely

I

0% 10% 20% 30% 40% 50% 60%

Y-axis labels represent possible answers to the survey question: “If you buy a solar system today and the federal
government promises you to pay an investment grant after a certain waiting time, how likely do you think it is that
you are indeed going to be reimbursed?”

3.4.3 Discrete choice experiment

In the second section of the survey, respondents faced 8 consecutive choice tasks. In
each choice task, the respondents had to choose one out of three hypothetical solar PV
systems for their own house or select the opt-out option (“I would not choose any of
these options”). By giving to respondents the possibility to reject all displayed options,
we are able to measure not only the relative preference for a given attribute, but also the
overall likelihood that a solar PV system would be accepted. Right before making their
choices, respondents were asked to assume that all the proposed solar PV systems could
be installed on their house as it was and were asked to answer in the way they would if
they were actually taking a real investment decision, as well as reminded about their
budget constraint, in line with standard recommendations in the literature on how to

reduce hypothetical bias (Arrow et al. 1993).

Displayed solar PV systems were described by a set of 5 attributes, each featuring 4

levels (Table 3.1). Attribute levels were randomly combined between and across the
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triplets.? Two attributes were chosen to simulate different degrees of policy and market

risk. The levels of the attribute “waiting time for grant” simulated increasing policy risk
(from “immediate reimbursement” to “undetermined” waiting time), while the levels of
the attribute “payment for surplus electricity” simulated increasing market risk (from a
fixed compensation to variable payments with increasing volatility). The other attributes
were: the total investment cost that a household has to pay upfront, excluding any
government support; the percentage of the investment cost covered by the grant and the
share of own yearly electricity consumption that the household could supply with her
own solar production. We deliberately chose not to show financial performance
indicators (such as net present value or payback period) for each investment option, to
keep the approach as realistic as possible. In fact, while later in the decision process
people are likely to require detailed financial calculations, and possibly external advice,
to make their final choice, in the initial screening of investment options the information
set of a household is typically limited. Moreover, survey evidence shows that, in the
context of similar energy investment decisions, some individuals do not apply
sophisticated net present value calculations at all (Ebers and Wiistenhagen 2015; Sallee
2014; Salm, Hille, and Wiistenhagen 2016) and that most households have limited
energy-related finance literacy (Brounen, Kok, and Quigley 2013; Blasch, Filippini, and
Kumar 2017; Blasch et al. 2018). The selection of attributes and corresponding levels is
further discussed in Appendix C. Figure A.3 in Appendix A provides an example of a

choice task.

26 All combinations between attribute levels were allowed, with the only exception of the combination between
the lowest system cost level (CHF 15,000) and the highest self-consumption level (100 %). The constraint
was introduced to rule out a combination that might have otherwise seemed unrealistic, even with a 5-year
horizon, according to expert interviews. An efficient DCE design was generated with Sawtooth Software.
900 versions of the choice experiment were created and randomly assigned to the 750 respondents.
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Table 3.1 Attributes and attribute levels for the choice experiment

Variable: ranging from 6 to 10
cent/kWh

Variable: ranging from 4 to 12
cent/kWh

Variable: ranging from 0 to 16
cent/kWh

Attribute Levels Explanatory text shown to respondents
Investment cost CHF 15,000 This is the total cost of the solar PV system
including installation and grid connection.
CHEF 20,000 You have to pay this upfront. It excludes
CHF 25,000 government support (see below under
CHF 30,000 investment grant”).
Self-consumption 25 % Thanks to your solar PV system, a share of
50 % your yearly electricity consumption will be
covered by your own production; you will
75 % buy less electricity from the grid and have
lower electricity bills over the lifetime of the
100 %
solar system (20 years).
Investment grant 10 % The federal government reimburses you this
20 % share of the total cost you spend for the solar
? PV system. This sum is paid after the system
30 % is commissioned (see below under “waiting
40 % time for investment grant”).
Waiting time for | No waiting time (immediate | The federal government reimburses you part
investment grant reimbursement) of the total upfront cost, this is the time that
you have to wait to receive the money from
Shorter than 1 year
the government.
1-2 years
Undetermined
Payment for surplus | Fixed: 8 cent/kWh When you produce more electricity than you
electricity use, surplus electricity goes directly into the

grid and you will receive a payment for the
electricity you send to the grid. The payment
can be fixed or variable. A fixed payment
remains the same over the lifetime of the
solar system. A variable payment depends on
the market price of electricity.

3.4.4 Empirical approach

We estimate a conditional logit model (Hoffman and Duncan 1988; McFadden 1973)

for the likelihood to invest in a solar PV system, based on 5,784 choices made by 750

respondents. In the model, the likelihood to invest is a function of the solar PV system

characteristics (i.e. the alternative-specific variables for attribute levels in the choice

experiment), the characteristics of the individual making the choice (i.e. the respondent-

specific covariates measured in the survey), and the experimentally controlled

situational factor (i.e. receiving additional information that could make the policy risk
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more salient to the respondent, or not). Formally, the probability that respondent n

invests in solar PV system i in choice task ¢ is:

eﬁ’X‘nit

P. = —-
nit Zjeﬁrxnjt

whereby Xt represents a vector containing the alternative-specific variables for
attribute levels of the solar system i presented to respondent n in choice task ¢, a set of
characteristics of respondent n, and a dummy variable equal to 1 if respondent n received

the treatment.

All alternative-specific variables for attribute levels are dummy coded. We included a
large set of respondent-specific characteristics in the model to control for observable
factors that, according to the literature, can influence the probability to adopt a
residential solar PV system. This choice enables robust estimation of other parameters
in the model (for a similar approach, see Newell and Siikamiki 2014). More specifically,
the respondent-specific covariates included in our model were: socio-economic
characteristics such as age, gender, education, income, financial assets, region of
residence, environmental preferences, political orientation, whether the respondent
reports to be always among the first ones to buy new technologies and whether the
respondent knows anybody among acquaintances and neighbours who has a solar PV

system.

In order to control also for unobservable sources of heterogeneity, we complement the
conditional logit specification with a mixed logit model (McFadden and Train 2000;
Train 2009), following a similar approach to the one adopted by Scarpa and Willis
(2010) and Newell and Siikamiki (2014). The mixed logit model assumes a probability
distribution for the B coefficients over respondents and so can account for random taste
variation in the population (Train 2009). In our mixed logit specifications, coefficients
for the alternative-specific variables are assumed to be normally distributed, while the

coefficients for respondent-specific covariates are assumed to be fixed. Consistently
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with the conditional logit estimations, alternative-specific variables are dummy coded

in all mixed logit specifications.

The estimation of all our model specifications rests on three assumptions, in line with
the theory of consumer behaviour developed by Lancaster (1966). First, individuals,
when facing different product alternatives, choose the one that maximizes the latent
utility they obtain from the product; second, each attribute level can have a distinctive
impact on the overall product utility, which is, therefore, the sum of utilities from each
product attribute; third, there is some degree of randomness in choices, captured by the

error term. Formally, the utility function is defined as:

Uni = ni(Xni) + &ni

whereby Uy is the latent utility that respondent n associates with solar system i; Vi is
the deterministic part of utility that respondent n associates with solar system i, which
depends linearly on the solar system’s attributes and on respondent-specific variables
(Xni); &i 1s the error term associated with respondent n and solar system i. Under the
standard assumption that error terms are independent and identically distributed
according to a Type 1 extreme value distribution across all individuals and choice tasks,
the probability that solar system i is chosen over alternatives in the choice task can be
modelled as a logistic distribution (McFadden 1973) and estimates interpreted causally,

as done in this study.

3.5 Results and Discussion

3.5.1 Empirical results

Potential residential solar investors tend to underestimate policy risk. In fact, if Swiss
households factored in the risk of solar subsidy cuts in their decisions, we should not
observe any difference in likelihood to invest between the treatment and the control
group. Instead, our data show that, when policy risk becomes more salient, regardless

of the actual level of policy risk, the probability to invest in a solar PV system
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moderately declines, going from 89.2 % to 86.6 % (Figure 3.2). More specifically,
receiving just one piece of information on policy risk at the time of the investment
decision, as in our experimental treatment condition, increases by 3 % (p = 0.002) the
probability that a Swiss homeowner, even if he or she initially declared to be interested
in solar, eventually decides not to invest in a PV system for her house, after seeing
realistic options for it. At current adoption levels, this would be equivalent to 2,000
fewer solar installations over a period of five years for Switzerland alone. Our estimate
for the marginal effect of investment cost on solar adoption probability (Table 3.2)
implies that if policymakers wanted to counter the negative effect of a salient policy risk
on residential solar adoptions, they would need to subsidize solar to decrease its price
by about 10 %, which is definitely non-negligible for policymakers (and taxpayers
alike).

Figure 3.2 Probability to invest in a solar PV system, by experimental group
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Frobability to invest in a solar PV system
8
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Control Treatment
Experimental group

Probability to invest in a solar PV system is the frequency of not choosing the opt-out option (“NONE: I would
not choose any of these options”) in the choice task. Whiskers represent 95 percent confidence intervals (p =
0.002, Chi-squared test).

The treatment effect is only slightly smaller (2.7 %, p = 0.021) when we control for our

set of respondent-specific covariates, individual time preferences and the characteristics
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of the solar system in the DCE (column 3 of Table 2). Treated respondents become more
sensitive to policy risk compared to those in the control group (Figure B.10 in Appendix

B).
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Table 3.2 Choice experiment: estimated marginal effects from conditional logit

model

Without With controls With controls, With controls,
controls time time
preferences preferences,
and
treatment/risk
preference
interaction

Waiting time Immediate (baseline)
<1 year -0.04%** -0.02%** -0.03*** -0.03***
(0.009) (0.01) (0.010) (0.010)
<0.001 0.02 0.01 0.01
1-2 year -0.09*** -0.07*** -0.08*** -0.08***
(0.009) (0.01) (0.010) (0.010)
<0.001 <0.001 <0.001 <0.001
Undetermined -0.17*** -0.15%** -0.15%** -0.15%**
(0.010) (0.01) (0.009) (0.009)
<0.001 <0.001 <0.001 <0.001

Payment for Fixed: 8 cent/kWh  (baseline)

surplus .
Variable: 6 — 10 cent/kWh -0.03*** -0.01 -0.02 -0.02
electricity

(0.009) (0.01) (0.01) (0.01)
<0.001 0.17 0.10 0.11
Variable: 4 - 12 cent/kWh -0.03%** -0.02* -0.02** -0.02**
(0.009) (0.01) (0.010) (0.010)
<0.001 0.06 0.03 0.04
Variable: 0 - 16 cent/kWh -0.07*** -0.05%** -0.05%** -0.05%**
(0.01) (0.01) (0.010) (0.010)
<0.001 <0.001 <0.001 <0.001

Investment CHF 15,000 (baseline)

cost

CHF 20,000 -0.05%** -0.03*** -0.03*** -0.03***
(0.01) (0.011) (0.011) (0.011)
<0.001 0.01 0.01 0.01
CHF 25,000 -0.11*** -0.10%** -0.10*** -0.10%**
(0.01) (0.01) (0.010) (0.010)
<0.001 <0.001 <0.001 <0.001
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CHEF 30,000 -0.17%** -0.15%** -0.16%** -0.16***
(0.01) (0.010) (0.010) (0.010)
<0.001 <0.001 <0.001 <0.001

Investment 10%  (baseline)
grant 20 % 009"+ 012+ 012+ 012+
(0.011) (0.013) (0.013) (0.013)
<0.001 <0.001 <0.001 <0.001
30 % 0.18*** 0.20%** 0.20%** 0.20%**
(0.013) (0.013) (0.013) (0.013)
<0.001 <0.001 <0.001 <0.001
40 % 0.26*** 0.29%** 0.29*** 0.29%**
(0.014) (0.014) (0.013) (0.014)
<0.001 <0.001 <0.001 <0.001

Self- 25%  (baseline)
consumptio 50 % 0.21%** 0.26*** 0.26%** 0.26***

n

(0.017) (0.017) (0.017) (0.017)
<0.001 <0.001 <0.001 <0.001
75 % 0.44*** 0.49*** 0.48*** 0.48***
(0.017) (0.015) (0.015) (0.015)
<0.001 <0.001 <0.001 <0.001
100 % 0.61%** 0.64*** 0.64*** 0.64***
(0.016) (0.013) (0.013) (0.013)
<0.001 <0.001 <0.001 <0.001
Treatment -0.071%** -0.025** -0.027** 0.007
(0.018) (0.012) (0.012) (0.019)
<0.001 0.03 0.02 0.69
Time preferences 0.025%** 0.023***
(0.004) (0.004)
<0.001 <0.001
Treatment and high risk aversion -0.047**
(0.021)
0.025
Choice tasks 6000 5272 5272 5272
Respondents 750 659 659 659
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Controls NO YES YES YES

Standard errors in parentheses, clustered by respondent in specification in the first column, heteroskedasticity-consistent standard errors in the
others. P-values are reported in italics. All models without case-specific constant term. Estimates report marginal effects (at means) from
alternative-specific conditional logit model. Dependent variable is the probability to invest in solar PV system. The reduction in number of
observations in specifications in the second, third and fourth columns, compared to specification in the first column, follows from missing data
for some of the covariates included in the model. Table B.4 in Appendix B shows all control variables included in the model. *** p<0.01, **

p<0.05, * p<0.1.

As shown in Table 3.B.6 in Appendix B, our results on the significant impact of
treatment are, as expected, larger when accounting for compliance rates according to the
Local Average Treatment Effect framework developed by Imbens and Angrist (1994).
Additional robustness tests are provided in Figure B.11 in Appendix B and suggest that
the impact of our informational treatment does not vary depending on the strength with
which households state their interest in investing in residential solar over the next 5

years.

Hence, revision of beliefs related with policy risk could reduce intention to invest in
solar. Figure 3.2 focuses on the extensive margin, i.e. whether policy risk influences the
intention to invest in solar energy. We now turn to the intensive margin, i.e. whether
households are more likely to select cheaper installations as policy risk becomes more
salient. On the intensive margin, we find that, while salience of policy risk reduces the
probability to invest, the amount that a household is willing to invest per solar PV system
is not significantly lower for households in the treatment group (Figure 3.B.7, Figure
3.B.8, Figure 3.B.9 and Table 3.B.2 in Appendix B). That is, households exposed to the
treatment are less likely to adopt solar panels, no matter how expensive. This finding
suggests that policy risk may push some individuals to drop their intention to invest in

solar altogether, rather than reduce the size of their investment.

We then investigate how the treatment changes intentions to invest in solar energy
depending on the respondent’s risk preferences. Straightforwardly, if some individuals
in our sample were indifferent to risk, changing the salience of policy risk should have
no effect whatsoever on their behaviour. First, however, we need to determine whether

we observe a general relationship between risk preferences and adoption of solar PV.
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We do so in Figure 3.3. Most people in our sample, as in the underlying population, care
about risk: risk-averse households represent 70 % of our sample (Table 3.A.1 in
Appendix A). Figure 3 shows that this segment displays, in general, a lower-than-
average intention to adopt solar. All else equal, risk-averse households are less likely to
invest in a solar PV system than individuals more prone to risk: the probability to invest
in a solar PV system ranges from 86 % for the most risk-averse individuals to 92 % for
the least risk-averse ones, that is a 6 % reduction (p < 0.001, Chi-squared test, Figure
3.3). This relationship is confirmed when only looking at the control group, to control
for any effect of the treatment (Figure 3.4). The relationship between risk aversion and
intention to invest in solar energy contributes to explaining why some people do not
invest in solar PV systems, even when the expected monetary gain for the residential

solar producer is positive.
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Figure 3.3 Probability to invest in a solar PV system, by individual risk aversion
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Probability to invest in a solar PV system is the frequency of not choosing the opt-out option (“NONE: I would
not choose any of these options™) in the choice task. Whiskers represent 95 percent confidence intervals. (p <
0.001, Chi-squared test). Low risk aversion indicates individuals with a risk preference score equal to 5, 6, 7, or 8;
high risk aversion indicates individuals with a risk preference score equal to 1, 2, 3 or 4. Risk preference score
goes from 1 to 8, the higher the lower the risk aversion. See Table 3.A.1 in Appendix A for more details.

When we look at how our informational treatment affects people’s responses depending
on their risk aversion (Figure 3.4), we observe, consistently with economic intuition,
that for people who have low risk aversion, increasing the salience of policy risk does
not reduce their intention to adopt solar. In contrast, highly risk-averse individuals react
the most to the informational treatment: within this group, treated individuals are 3.4 %
less likely to invest in solar than those in the control group (p = 0.005, Chi-squared test,
Figure 3.4). When controlling for our set of respondent-specific covariates and the
characteristics of the solar system in the DCE, the treatment effect on risk-averse

individuals amounts to 5 % (p = 0.025, column 4 of Table 3.2).?” That is, the average

effect of 2.7 % is the sum of a relatively large reaction by individuals with high risk

aversion and no reaction by individuals with low risk aversion. This finding about the

27 Note that the impact of the treatment is not significantly different between more and less patient households
(Figure B.4 in Appendix B). This suggests that the information we gave to the treatment group had the desired
impact: making people aware of the risk that they will not receive the governmental subsidy, rather than
making them simply aware that the reimbursement time becomes longer than what initially expected.
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relationship between risk preferences, revision of beliefs about policy risk, and intention
to invest in solar energy is qualitatively similar when we classify individuals into three
categories for risk aversion, rather than two (see Figures 3.B.1 and 3.B.2 in Appendix
B), is robust to splitting the sample according to the strength of risk aversion (Table
3.B.1 in Appendix B) or according to the strength with which households state their

interest in investing in residential solar (Figure 3.B.12 in Appendix B).

Figure 3.4 Probability to invest in a solar PV system, by individual risk aversion

and experimental group
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Probability to invest in a solar PV system is the frequency of not choosing the opt-out option (“NONE: I would
not choose any of these options”) in the choice task. Whiskers represent 95 percent confidence intervals. Results
of Chi-squared test for the difference in probability to invest between experimental groups: p= 0.148 for low risk
aversion, p= 0.005 for high risk aversion. Low risk aversion indicates individuals with a risk preference score
equal to 5, 6, 7, or 8; high risk aversion indicates individuals with a risk preference score equal to 1, 2, 3 or 4. Risk
preference score goes from 1 to 8, the higher the lower the risk aversion. See Table 3.A.1 in Appendix A for more
details.

Our result on the impact of the treatment on the probability to invest in solar is robust to
accounting for any remaining unobserved heterogeneity in individual preferences for
solar systems’ characteristics, as shown when fitting a mixed logit model with random
coefficients for attribute-level dummy variables and fixed coefficients for respondent-

specific covariates (Table 3.B.5 in Appendix B). More specifically, even when allowing
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for heterogeneous random tastes towards solar systems’ characteristics, the impact of
the treatment on investment probability remains significant and of similar magnitude to

the specifications presented in Table 3.2.

Our analysis also shows that, when policy risk increases, regardless of its salience, the
probability that a household invests in a solar PV system declines. The marginal effects
for the “waiting time” attribute in Table 3.2 show that the longer the waiting time for
receiving the grant is, the more likelihood to invest in residential solar declines (see also
Figure B.10 in Appendix B for a visual illustration of this effect). In particular, all else
equal, when waiting time is undetermined, and therefore policy risk is at its maximum,
the probability to invest drops by 15 % (p < 0.001), as opposed to when reimbursement
is immediate (or within one year) and hence policy risk is relatively low (columns 2, 3,
and 4 in Table 3.2). Paying out the financial support within one year, instead of after an
undetermined period of time, would have about the same positive impact on residential
solar adoption as increasing the amount of financial support from 30 % to 40 %, or could

compensate for a reduction in financial support from 30 % to 20 %.

We can attribute this effect to increasing policy risk connected to longer waiting time,
rather than exclusively to households’ impatience, for two reasons. First, coefficients
for the “waiting time” attribute do not change when controlling for individual time

preferences (columns 3 and 4 in Table 3.2).2% Second, coefficients for the “waiting time”

attribute are only slightly different when considering only people with a low
intertemporal discount rate (i.e. more patient individuals), compared to people with a
high intertemporal discount rate (i.e. less patient individuals), as done in Table 3.B.3 in
Appendix B. Even for the most patient households, having to wait for the subsidy

payment for 1-2 years reduces intention to invest in solar by 7 % (p < 0.001), compared

28 In line with economic intuition, the coefficient of the time preference score is positive and significant, implying
that the more patient the household is, the more likely she is to invest in a solar PV system, as also confirmed
by the comparison of probability to invest between people with low and high intertemporal discount rate
(Figure B.3 in Appendix B).
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to immediate subsidy payment, and not knowing when the subsidy is eventually paid

reduces it by 15 % (p < 0.001).

The negative impact of a longer waiting time gets larger the stronger the household’s
risk aversion is (Table 3.B.1 in the Appendix B), confirming that the negative effect of
the “waiting time” attribute on investment probability is motivated by aversion to policy
risk. In particular, individuals with low risk aversion, in contrast to those with high risk
aversion, tend to be indifferent between an immediate payment and a payment within
one year. For more risk-averse households, waiting for the subsidy for 1-2 years reduces
intention to invest by 9 % (p < 0.001, column 1 in Table 3.B.1 in the Appendix B),
compared to a 6 % reduction (p < 0.001, column 2 in Table 3.B.1 in the Appendix B)

for the less risk-averse ones.

While policy risk matters to households, they do not seem to be very sensitive to market
risk: a variable price for electricity sold to the grid does not reduce (or only reduces
marginally) intention to invest in solar PV compared to a fixed price, unless the former
foresees the possibility that reimbursement can go down to zero cents per kilowatt hour.
When the interval for variable payment for surplus electricity includes zero, households
are 5 % less likely to invest in solar PV compared to payment schemes that guarantee a
positive price floor, no matter how volatile the payment is (p < 0.001, columns 2, 3 and
4 in Table 3.2). The negative impact of the risk of not getting any compensation at all
for electricity fed into the grid holds true also for individuals who feature low risk

aversion (Table 3.B.1 in Appendix B).

3.5.2 Discussion

We find that perceived investment risk, especially when driven by policy uncertainty on
incentive schemes, can significantly deter households from adopting a solar system. This
finding enlarges our understanding of how risk considerations affect households’
decisions in the energy domain, by providing novel evidence that complements previous

studies focusing on energy efficiency investments and energy consumption decisions
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(Sutherland 1991; Hassett and Metcalf 1993; Farsi 2010; Qiu, Colson, and Grebitus
2014; Volland 2017; Schleich et al. 2019).

Our results also show that the high implicit discount rates for solar subsidies found in
the literature (Bollinger et al. 2018; De Groote and Verboven 2019) are not only driven
by time preferences, but also by the presence of policy risk, to which people are averse.
Financial support spread over time is therefore discounted by households not just
because they are impatient or liquidity constrained, but also because they tend to factor
in the risk that the government may fail to pay the promised amounts. This finding is
consistent with the literature on intertemporal choice showing that discounting
behaviour cannot be solely explained by individual time preferences, but it also
significantly depends on factors that diminish the expected utility generated by a future
consequence, including uncertainty (Frederick and Loewenstein 2002; Andreoni and

Sprenger 2012).

Our results expand existing literature on the role of risk in renewable energy investment
decisions, by suggesting that a substantial difference in risk sensitivity exists between
households and professional investors. Whereas previous studies show that exposure to
market risk is a key concern for professional investors (e.g. Salm 2018, Botta 2019), we
find that volatile revenues from electricity sales are less of a concern for households
investing in solar energy. We relate this finding to the “absolute magnitude effect” in
choices under risk: people tend to be less risk-averse when the stakes are low (Prelec
and Loewenstein 1991). In the context of residential solar investments in a post-feed-in-
tariff regime, market risk is typically framed as uncertainty around small gains
(expressed in terms of cents per kWh), whereas policy risk relates to larger monetary

amounts (expressed in thousands of Swiss francs per system).

Our study informs policymakers on options to maintain a sustained adoption of

residential solar in a post-feed-in-tariff regime while correctly managing citizens’
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expectations. In particular, two sets of policy implications can be drawn from our

findings.

As to policy risk, governments that incentivize private investments in renewables incur
a cost represented by the risk premium asked by households to compensate for their
rational expectations of potential policy changes. This cost makes it harder to achieve
renewable targets within a given budget. In order to lower this cost and correct for the
potential detrimental impact of perceived policy risk on residential solar adoption
decisions, policymakers should aim at keeping perceived policy risk low for residential
solar investors. This objective can be achieved in three ways. First, policymakers could
shorten waiting times for receiving financial support or paying it upfront through
investment grants. Investment grants can therefore be an effective instrument for the
promotion of residential solar, as already suggested by recent contributions (e.g. De
Groote and Verboven 2019). Investment grants that are paid upfront appear to be
especially effective based on our study. Second, as the impact of policy risk on
investment decisions depends on the information that people receive, policymakers
should signal clearly to prospective solar adopters their commitment not to worsen the
business case for solar by changing the “rules of the game” retrospectively. In the
European context, this could be done by informing prospective residential solar
investors about an explicit ban for retrospective policy changes, as foreseen in the new
European Union Renewable Energy Directive that shall be implemented by Member
States by the end of 2021. Third, when governments have strong preferences against
immediate payments, and are not willing to tie their hands across political cycles in the
provision of incentives, other market participants, such as installers or local authorities,
could offer pre-financing to households. Such a risk transfer from residential solar
investors to other players may or may not reduce the overall cost of solar PV
deployment, depending on the risk premium charged by the latter. In any case, our study
suggests that policy risk is not particularly salient for potential residential solar
investors, who tend to underestimate it. Underestimation of policy risk may not be good
for long-run solar adoption. In fact, households who are initially not aware of this kind

of risk and invest in solar may then regret their decisions, in case the policy risk
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materializes. This, in turn, might erode general trust in solar promotion policies, and
climate policy in general. Hence, to avoid this, policymakers should transparently
communicate about policy changes that could impact the business case for residential

solar investors.

As to market risk, our findings suggest that moving from a regulatory framework where
households receive a fixed price for each kWh fed into the grid (e.g. feed-in tariffs) to
one where remuneration is volatile and indexed to electricity market prices (e.g. feed-in
premia), would not substantially reduce residential solar investors’ willingness to invest.
However, policy schemes that introduce full exposure to electricity market risk,
including the possibility that remuneration for solar generators drops to zero, can reduce
households’ intention to invest in solar. Hence, setting a positive price floor for power
purchase agreements that involve residential solar producers would contribute to ensure

sustained interest in residential solar adoption.

3.5.3 Avenues for future research

Our study is subject to some limitations, which can serve as starting points for further

research.

First, institutional features may matter for the formation of beliefs and their adjustment
when new information is released. This study focuses on a single country, Switzerland,
which shows a relatively high level of trust in the government. Extending our approach
to other contexts would provide variation in terms of formal and informal institutions.
Second, the point estimates provided in this study are conditional on the study design.
While the levels of the market and policy risk attributes in our DCE have been designed
for the Swiss context, the level of risk faced by residential solar investors in other
countries might actually be different. For instance, the regulatory framework might
foresee negative prices for surplus electricity fed into the grid by solar producers.
Experimenting with a wider range of price scenarios may be a promising avenue for
future research. Third, we designed our experiment to carefully reflect the risks that
residential investors are facing, but this specificity limits the extent to which our findings

can be directly compared to prior research on other investor groups. Future research
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could try to simultaneously survey both residential and professional investors, applying
the same measures for policy and market risk. Such a direct comparison would be
beneficial for policymakers who are mindful about the way in which policy design
influences the willingness of different investor groups to provide capital for low-carbon
projects. Furthermore, differences in retail prices and their evolution, for instance due
to different plans or geographical coverage of utilities, could be leveraged to examine
how past exposure to different degrees of market risk may influence sensitivity to such
risk. Future research could also compare preferences of investors in different stages of
the decision-making process and explore whether residential investors’ risk assessment
and sensitivity change as they move closer to the actual investment decision, and in what
direction they change depending on the source of information to which they are exposed.
In particular, on the one hand, paying more attention to publicly available information,
as in our informational treatment, may lead households to better account for policy risk.
On the other hand, risk assessments by specific sources, whose incentives may not be
entirely aligned with those of the homeowners’, might not be accurate. In the solar
industry, as in the energy efficiency industry (Fowlie, Greenstone, and Wolfram 2018;
Giraudet, Houde, and Maher 2018), contracts are not written in a way that includes
penalties for a failure to deliver the promised returns. Further, belief revision may not
occur in the case that households choose to ignore relevant information, after accounting
for the costs of acquiring and mentally process it, as it can happen in the case of energy

efficiency investments (Sallee 2014).

3.6 Conclusions

Households are important actors in the decarbonisation of our economy — not just as
consumers, but also as investors. In fact, in an increasingly decentralized energy system,
one of the most promising solutions for decarbonisation are solar photovoltaic (PV)
systems installed on residential buildings. Recent policy developments in many
countries have made the investment environment riskier for owners of residential solar
PV systems. First, policy changes impacting the profitability of solar investments
recently implemented in a number of countries have shown that policy risk is not

negligible for investors. The increasing polarization of the climate change debate could
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exacerbate this trend. Second, in many jurisdictions, governments are phasing out
policies that provide residential solar investors with long term secure revenues (e.g.

feed-in tariffs), replacing them with policies that imply exposure to market risk.

In this risky environment, would households continue to invest in solar PV systems, and
hence contribute to decarbonizing the energy system? We investigated this question
focusing on the context of Switzerland and measured households’ intention to invest in
a residential solar PV system under different levels of policy and market risk. Stated
preferences for investment in solar were obtained through a discrete choice experiment,
which we coupled with a randomized informational treatment to test for information
asymmetries in the assessment of policy risk. Our study included a sample of 750 Swiss
households, selected to represent a realistic segment of potential residential solar PV

investors.

Policy uncertainty matters to households: their likelihood to invest in solar PV systems
drops when perceived policy risk increases. All else equal, when there is full uncertainty
around when the government incentive is paid, the probability to invest drops by 15 %,
compared to an upfront payment, even for the most patient households in the sample.
Mitigating policy risk for residential solar investors could more effectively foster
investment decisions than increasing the level of financial incentives. In particular,
paying out the full financial support to a residential solar producer within one year,
instead of after an undetermined period of time — hence minimizing the materiality of
policy risk — would have the same positive impact on residential solar adoption as
increasing the amount of financial support from 30 % to 40 % of the initial investment,

or could compensate for a reduction of the investment grant from 30 % to 20 %.

The impact of policy risk on investment decisions depends on the information
households receive at the time of their investment decision. Households interested in
investing in a solar system in the near future are generally not fully aware of policy risk

and this type of risk tends not to be salient to them. However, when policy risk becomes
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salient, the probability that a household decides to invest in solar PV drops by 2.5 %, all
else equal, and the reduction is larger for risk-averse households (5 %). In such
circumstances, households are less likely to adopt solar PV systems, suggesting that a
salient policy risk may push some individuals to drop their intention to invest altogether,
rather than reduce the size of their investment. Conversely, if the policy risk was not
salient, households were willing to take more risk in investing in solar energy than they

may have been comfortable with in hindsight if policy reversals occur.

While policy risk does matter to households, we show that, in comparison, households
appear to be less sensitive to market risk. Uncertainty around future monetary benefits
of solar, and in particular around revenues from electricity sales to the grid, deters
households’ investment in solar to a lesser extent than policy risk. Compared to a fixed
price for the electricity sold to the grid, only a payment that includes the possibility of
remuneration dropping to zero significantly reduces the probability to invest in solar
energy. Other types of variable remuneration do not significantly change households’
willingness to invest, compared to the fixed price option. This turns out to be a
substantial difference between households and professional investors: whereas previous
studies show that market risk is one of the key deterrent factors in renewable investment
decisions for professional investors, we find that volatile revenues from the sale of
electricity are less of a concern for households investing in solar energy. Our study
suggests that, for fostering residential solar investments, keeping perceived policy

uncertainty low is more important than fully hedging against electricity market risk.
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3.8 Appendix A. Supplementary material

Table 3.A.1 Sample descriptive statistics and comparison with the Swiss

population
Variable name Description % in % in Swiss Note
sample  population
Household income Household monthly income
Up to CHF 6,000 12 30 ¥R (a)
CHF 6,001 to 9,000 26.1 25 ¥R (a)
CHF 9,001 to 12,000 26.4 19 ¥R (a)
More than CHF 12,000 25.2 27 ¥R (a)
Household assets Household assets
Up to CHF 100,000 44.9 65 #EE - (d)
CHF 100,001 to 500,000 29.2 22.6 #EE - (d)
CHF 500,001 to 1,000,000 6.8 6.7 (d)
More than CHF 1,000,000 8.4 5.7 E - (d)
Age Age (years)
18-29 9.5 14.9 %k (b)
30-44 18.5 17.1 o (b)
45-59 46.9 31.9 %k (b)
>59 25.1 36.1 %k (b)
Female 1 if female, O if male 48.5 51.1 k% (b)
University degree 1 if holds university degree, O otherwise 38.7 30.6 #%  (b)
German-speaking 1 lives in German-speaking region, 0 71.5 72.7 *#%k - (b)
region otherwise
Environmental Environmental preference 5-level score,
preferences the lower the stronger the environmental
preferences
1 325 27.5 ¥EE (o)
2 46.0 39.2 *EE (o)
3 18.4 30.4 FEE O (e)
4 2.8 2.5 *EE O (e)
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Variable name Description % in % in Swiss Note
sample  population
5 0.3 0.3 (e)
Technological affinity 1 if reports being always among the first 18.2 15.8 *EE - (c)
ones to buy new technologies
Political Party Self-reported preference for political party
®
right-wing 42.6 49 *EE - (a)
center 18.3 17 ®EE ()
left-wing 26.8 26 ¥R (a)
other 12.0 8 *¥EE - (a)
Does not have solar 1 if does not know or not aware of anybody 8.5 n.a
peers among acquaintances and neighbors who
has a solar PV system
Time preferences Time preferences 8-level score, the higher
the more patient
1 0.7 n.a.
2 1.6 n.a.
3 53 n.a
4 10.4 n.a
5 21.3 n.a
6 36 n.a
7 22.4 n.a.
8 23 n.a.
Low discount rate 1 if individual intertemporal discount rate 82.0 n.a.
is low (time preference score higher than 4)
High discount rate 1 if individual intertemporal discount rate 18.0 n.a.
is high (time preference score lower or
equal to 4)
Risk preferences Risk preferences 8-level score, the higher
the more risk taker
1 3.1 n.a.
2 15.1 n.a.
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Variable name Description % in % in Swiss Note

sample  population

3 245 n.a.
4 27.1 n.a.
5 19.7 n.a.
6 8.3 n.a.
7 2.0 n.a.
8 0.3 n.a.
Low risk aversion 1 if risk aversion is low (Risk preference 30.3 n.a.
score higher than 4)
High risk aversion 1 if risk aversion is high (Risk preference 69.7 n.a.

score lower or equal to 4)

* k% and *** imply statistically-significant differences in the proportion between our sample and the Swiss
population at 10%, 5%, and 1%, respectively. Due to missing data, some categories do not sum up to 100%.

(a) Percentage in the fourth column refers to the Swiss population. Source: Swiss Federal Statistical Office (2017).
(b) Percentage in the fourth column refers to the population of Swiss homeowners. Source: Swiss Federal
Statistical Office (2017).

(c) Percentage in the fourth column refers to the population of Swiss homeowners. Source: own estimate based
on pool of 1,492 households who received survey invitations for this study.

(d) Percentage in the fourth column refers to the Swiss population. Source: Swiss Federal Department of Finance
(2015).

(e) Percentage in the fourth column refers to the sample of the Swiss population of the World Value Survey, 5th
Wave. Source: Kriesi and Hug (2007).

(f) Right-wing parties: SVP, FDP, BDP; Centre parties: GLP, CVP, EVP; Left-wing parties: GPS, SP; declared
no party preference and information intentionally not disclosed added to residual category (Other).

Methodological note on risk and time preferences elicitation

Risk and time preferences were elicited through a combination of survey items,
following the experimentally validated approach developed by Falk et al. (2016, 2018)

for the Global Preference Survey.? This approach involves one qualitative item,

relatively abstract and self-reported on a Likert-scale, and one quantitative item, which
puts the respondent into a precisely defined hypothetical (i.e. non-incentivized)
lottery/intertemporal choice sequence, using the staircase method. Following the

procedure used for the Global Preference Survey, resulting individual risk/time

2 Falk et al. (2018) report risk and time preference scores for 76 countries, including Switzerland, based on
responses by representative population samples collected in 2012. For Switzerland the sample included 1000
respondents, who were interviewed by phone. The questionnaire was asked in German, French, or Italian,
depending on the language region.
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preference scores are a linear combination between the self-reported score and the
quantitative item’s outcome. The relative weight of the former is 47% and 71% for risk
and time preferences, respectively. Applying this approach, we obtain an 8-level score
for risk preferences (the higher the score the more risk taker the individual is) and an 8-
level score for time preferences (the higher the score the more patient the individual is).
Categories for risk aversion used in the main body of this Chapter (including Figures
3.3 and 3.4) are defined as follows. “High risk aversion” indicates risk preference scores

lower or equal to 4; “low risk aversion” indicates risk preference scores higher than 4.

Methodological note on environmental preference elicitation

We measured individual environmental preferences through a standard survey item,
using the exact wording (translations included) as in the 5" wave of the World Value
Survey (Inglehart et al. 2014): “Would you please indicate for the following description
whether that person is very much like you, like you, somewhat like you, not like you, or
not at all like you? Looking after the environment is important to this person; to care for

nature and save life resources”.

Switzerland was included in World Value Survey 5" wave, ran in 2007, which allows

comparing our sample with theirs.
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Table 3.A.2 Informational treatment: exact wording used in the questionnaire

(translated to English)

Treatment group

Control group

Information
about financial
support for solar
PV systems
provided in the
survey

IMPORTANT: Since 2008, the Swiss
Federal Government has been supporting
solar PV systems through monetary
incentives.

Until 2018 the Government offered the
owners of solar PV systems a fixed
monetary amount (“feed-in tariff”) for each
kWh fed into the grid by their solar systems
to be paid for 20 years.

With the new energy law, starting from
January 2018 owners of small solar PV
systems receive instead a one-off
investment grant (“investment grant”) that
covers a share of the system cost.

The investment grant is paid after the
system is commissioned. The waiting time
for the payment may exceed two years.

Note that if rules about incentives for solar
PV systems change while one is still in the
waiting list, the new rules may apply.

For instance, under the previous support
scheme, the promised amount of support
was reduced for PV project owners who
entered the waiting list after 2012, due to a
change in the law.

Recently, concerns have arisen about
limited financial resources for the support
of solar PV systems resulting in
continuously growing waiting times for
receiving the monetary support, as you can
read in the newspaper article below.

IMPORTANT: Since 2008, the Swiss
Federal Government has been supporting
solar PV systems through monetary
incentives.

Until 2018 the Government offered the
owners of solar PV systems a fixed
monetary amount (“feed-in tariff”) for each
kWh fed into the grid by their solar systems
to be paid for 20 years.

With the new energy law, starting from
January 2018 owners of small solar PV
systems receive instead a one-off
investment grant (“investment grant”) that
covers a share of the system cost.

The investment grant is paid after the
system is commissioned. The waiting time
for the payment may exceed two years.
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Table 3.A.3 Balance of covariates: descriptive statistics by experimental group

Sample mean or share of
respondents for whom the
variable takes value 1

Variable name Description

Control  Treatmen
group t group

Household income Household monthly income, in 6 classes: 1: < CHF 4.6 4.7 Hakok

3,000; 2: CHF 3,000-4,500; 3: CHF 4,501-6,000; 4:

CHF 6,001-9,000; 5: CHF 9,001-12,000 CHF; 6:

>CHF 12,000
Household assets Household assets, in 4 classes: 1: <= CHF 100K; 1.8 1.7 HHk

2:CHF 101-500K; 3: CHF 501-1,000K; 4: > CHF

100K
Age Age (years) 50.3 50.6 o
Female 1 if female, O if male 48% 49%
University degree 1 if holds university degree, O otherwise 40% 37%
German-speaking 1 lives in German-speaking region, O otherwise 75% 80% Ak
region
Time preferences Time preference 8-level score, the higher the more 5.6 5.6

patient
Low risk aversion 1 if risk aversion is low 30% 31%
High risk aversion 1 if risk aversion is high 70% 69%
Environmental Environmental preference 5-level score, the lower 1.9 1.9
preferences the stronger the environmental preferences
Technical affinity 1 if reports being always among the first ones to buy 19% 18%

new technologies
Right-wing voter 1 if self-declared right party supporter 42% 43% o
Does not have solar 1 if does not know or not aware of anybody among 10% 7% HAE
peers acquaintances and neighbours who has a solar PV

system
Respondents 373 377

* F% and *** imply statistically-significant differences in the mean/proportion between experimental groups at
10%, 5%, and 1%, respectively. We used two-tailed T-test for interval, ordinal and ratio variables; Chi-squared

test for binary variables.
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Table 3.A.4 Perceived policy risk by experimental group

Control Treatment
Certain or very likely 59% 45%
Rather likely 32% 40%
Rather unlikely or very unlikely 9% 14%
Do not know 1% 1%

Row labels present possible answers to the survey question: “If you buy a solar system today and the federal
government promises you to pay an investment grant after a certain waiting time, how likely do you think it is that

you are indeed going to be reimbursed?”

* % and *** imply statistically-significant differences in the proportion between experimental groups at 10%,

5% and 1%, respectively. We used Chi-squared test.

Figure 3.A.1 Sampling stages (response funnel)

(based on stratified invitations)

Survey accessed

(excluding solar system owners)

Screening rule 1

Screening rule 2

sampling stages

luding those not i

ini ing
in solar)

Survey fully completed
Tudine i : 4

)

target groups

Swiss population

Swiss single- and multi-family house owners N=1492
Swiss single- and multi-family house owners N-1377
not owning a solar system :
Swiss single- and multi-family house owners N=792
not owning a solar system, interested in
purchasing one in the next S years N-750

(potential residential solar investors) (final sample

size)

Swiss single- and multi-family house owners purchasing a
solar system in the next 5 years
(actual residential solar investors)

(a) Source: Swiss Federal Statistical Office 2017.

(b) Estimate based on historical data on number of solar PV systems sold to single-family and multi-family houses

in Switzerland (Swissolar 2013, 2014, 2015, 2016, 2017, 2018, 2019).

(c) Upper bound estimate based on the % of homeowners who stated that they have already thought about installing
a solar PV system in their home, but have not decided yet, in a representative study of the Swiss population
(Cousse, Kubli, and Wiistenhagen 2020); lower bound estimate based on number of unique visitors to the "Solar

Rechner" page in 2018 (energieschweiz.ch/page/de-ch/solarrechner).

(d) Upper bound estimate based on number of residential solar PV systems sold in Switzerland in 2018 (Swissolar
2019); lower bound estimate based on forecasts for Swiss solar capacity growth up to 2022 (Miiller and Trutnevyte

2020).

JM%
<

53%

A

50%

14%

Incidence target

Incidence target

group in group in
Swiss h s Swiss pop
population (%) (%)
100% 26% (a)
97% (b) 25% (b)
30-50% (c) 8-13% (c)
1-3% (d) 0.4-0.7% (d)
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Figure 3.A.2 Main reasons not to be interested in purchasing a solar PV system

for own house (% respondents indicating each option)

not mature technology

too complicated

not visually appealing

not sure if environmentally good
other people to convince

place of living not fit

not profitable

my house not fit

too expensive for me

0% 5% 10% 15% 20% 25% 30% 35% 40%

K

Percentage shares computed over total number of homeowners who do not own a solar PV system, accessed the
survey and stated that they would not consider installing a solar PV system in the next 5 years (N=585). These
respondents were excluded from the final sample on which all other analyses are based. The corresponding
question was: “Please indicate the main reason(s) why you are not interested in purchasing a solar system”.

Figure 3.A.3 Example of a choice task screen

If these were your only options, which of the following offers
for a solar PV system for your house would you choose?

Choose by clicking one of the buttons below:

(4 of 8)
Investment cost | CHF 15 000 20 000 CHF 25 000 CHF
Own consumption | Your production Your production Your production
covers 50% of covers 25% of covers 50% of
your yearly your yearly your yearly
consumption consumption consumption
Payment for | Variable payment: |Variable payment: |Fixed payment: 8
surplus electricity | ranging from 4 to | ranging from 6 to | cent/kWh NONE: I wouldn't
12 cent/kWh 10 cent/kWh choose any of
Investment grant | The federal The federal The federal these.
government will government will government will
reimburse you 40% | reimburse you 20% | reimburse you 30%
of the price of the price of the price
Waiting time for | No waiting time Between 1 and 2 Undetermined
investment grant | (immediate years
payment)
G O O O

IMPORTANT: For additional information please scroll with the mouse over the corresponding property
of the product (left column, bold text)
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3.9 Appendix B. Additional analysis

Table 3.B.1 Choice experiment: estimated marginal effects from conditional logit

model (high and low risk aversion subsamples)

High risk aversion Low risk aversion
Waiting time Immediate (baseline)
<1 year -0.05 -0.01
(0.010)** (0.02)
1-2 year -0.09 -0.06
(0.010)** (0.018)**
Undetermined -0.17 -0.15
(0.010)** (0.017)**
Payment for Fixed: 8 cent/kWh (baseline)
surplus
electricity Variable: 6 - 10 cent/kWh -0.02 -0.04
(0.01) (0.018)*
Variable: 4 - 12 cent/kWh -0.04 0.00
(0.011)** (0.02)
Variable: 0 - 16 cent/kWh -0.06 -0.05
(0.011)** (0.018)**
Investment CHF 15,000 (baseline)
cost
CHF 20,000 -0.05 -0.02
(0.011)** (0.02)
CHF 25,000 -0.10 -0.10
(0.011)** (0.019)**
CHF 30,000 -0.18 -0.14
(0.011)** (0.019)**
Investment 10 % (baseline)
grant
20 % 0.10 0.10
(0.013)** (0.022)**
30 % 0.18 0.19
(0.014)** (0.022)**
40 % 0.27 0.28
(0.015)** (0.022)**
Self- 25 % (baseline)
consumption 50 % 0.21 0.28
(0.018)** (0.029)**
75 % 0.45 0.47

(0.016)** (0.025)%*
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100 % 0.62 0.62

(0.014)** (0.021)**

Treatment -0.07 -0.04
(0.014)** (0.017)*

Time preferences -0.01 0.00
(0.003)** (0.00)

Choice tasks 4184 1816
Respondents 523 227
Controls NO NO

Heteroskedasticity-consistent standard errors in parentheses. All models without case-specific constant term.
Estimates report marginal effects (at means) from alternative-specific conditional logit model. Dependent variable
is the probability to invest in solar PV system. *** p<(.01, ** p<0.05, * p<0.1.



Table 3.B.2 Selected investment options in the DCE by investment cost and

experimental group (%)

Investment cost (CHF) Control Treatment Overall
15,000 20% 21% 21%
20,000 33% 31% 32%
25,000 26% 26% 26%

30,000 21% 21% 21%
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Table 3.B.3 Choice experiment: estimated marginal effects from conditional logit

model, by intertemporal discount rate

Subsample 1: Subsample 2: Entire
individuals with individuals with sample
low intertemporal high
discount rate intertemporal
discount rate
Waiting time Immediate (baseline)
<1 year -0.02 -0.05 -0.02
(0.01) (0.022)* (0.010)*
1-2 year -0.07 -0.10 -0.07
(0.011)** (0.021)** (0.010)**
Undetermined -0.15 -0.16 -0.15
(0.011)** (0.020)** (0.009)**
Payment for Fixed: 8 cent/kWh (baseline)
surplus . )
electricity Variable: 6 - 10 -0.01 -0.01 -0.01
cent/kWh
(0.01) (0.02) (0.01)
Variable: 4 - 12 -0.02 -0.02 -0.02
cent/kWh
(0.01) (0.02) (0.01)
Variable: 0 - 16 -0.06 -0.01 -0.05
cent/kWh
(0.011)** (0.02) (0.010)**
Investment CHF 15,000 (baseline)
cost
CHF 20,000 -0.02 -0.06 -0.03
(0.01) (0.022)* (0.011)*
CHEF 25,000 -0.09 -0.13 -0.10
(0.012)** (0.021)** (0.010)**
CHF 30,000 -0.14 -0.19 -0.15
(0.012)** (0.023)** (0.010)**
Investment 10 % (baseline)
grant
20 % 0.13 0.09 0.12
(0.015)** (0.028)** (0.013)**
30 % 0.21 0.17 0.20
(0.015)** (0.031)** (0.013)**
40 % 0.31 0.24 0.29
(0.015)** (0.030)** (0.014)**
Self- 25 % (baseline)
consumption
50 % 0.28 0.20 0.26
(0.020)** (0.037)** (0.017)**
75 % 0.51 0.41 0.49
(0.017)** (0.035)** (0.015)**
100 % 0.66 0.56 0.64
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(0.014)** (0.033)** (0.013)**

Treatment -0.01 -0.07 -0.025
(0.013) (0.035)* (0.012)*

Choice tasks 4296 976 5272
Respondents 537 122 659
Controls YES YES YES

Heteroskedasticity-consistent standard errors in parentheses. All models without case-specific constant term.
Estimates report the marginal effects (at means) from alternative-specific conditional logit model. Dependent
variable is the probability to invest in solar PV system. High intertemporal discount rate refers to individuals with
a time preference score equal to 1, 2, 3 or 4. Low intertemporal discount rate refers to individuals with a time
preference score equal to 5, 6, 7 or 8. Time preference score goes from 1 to 8, the higher the lower the individual
intertemporal discount rate (i.e. the more patient the individual is). See Table 3.A.1 in Appendix A for more details.

w5 p<0.01, ** p<0.05, * p<0.1.
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Table 3.B.4 Choice experiment: estimated marginal effects from conditional logit

model (showing all control variables)

With With With With With With
controls controls | controls, controls, controls, controls,
,LATE time time time time
approac | preferenc preferenc | preference preference
h es es, LATE s, and s, and
approach | treatment/r treatment/r
isk isk
preference  preference
interaction interaction,
LATE
approach
Waiting Immediate (baselin
time e)
<1 year -0.02 -0.02 -0.03 -0.02 -0.02 -0.02
(0.010) (0.010) (0.010)* (0.01)
(0.010) (0.010) " "
£ £
1-2 year -0.07 -0.07 -0.08 -0.07 -0.07 -0.07
(0.010) (0.010) (0.010) (0.010) (0.010)** (0.010)**
kg kg oo s
Undetermi -0.15 -0.15 -0.15 -0.15 -0.15 -0.15
ned
(0.009)  (0.009) (0.009) (0.010) (0.010)** (0.010)**
kg kg ook s
Payment Fixed: 8 (baselin
for cent/kWh e)
surplus
electricity ~ Variable: 6 -0.01 -0.01 -0.02 -0.01 -0.02 -0.01
- 10
cent/kWh
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Variable: 4 -0.02 -0.02 -0.02 -0.02 -0.02 -0.02
-12
cent/kWh
(0.01) (0.01) | (0.010)* (0.01) (0.010)* (0.01)
Variable: 0 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
- 16
cent/kWh
(0.010) (0.010) (0.010) (0.010) (0.010)** (0.010)**

kg

kg

kg

kek
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Investmen CHF (baselin
t cost 15,000 e)
CHF -0.03 -0.02 -0.03 -0.02 -0.03 -0.02
20,000
(0.011) (0.011) (0.011)  (0.011)* (0.011)** (0.011)*
sk sk oo
CHF -0.10 -0.09 -0.10 -0.09 -0.10 -0.09
25,000
(0.010) (0.010) (0.010) (0.010)** (0.010)** (0.010)**
sk sk oo
CHF -0.15 -0.15 -0.16 -0.15 -0.16 -0.15
30,000
(0.010) (0.010) (0.010) (0.010)** (0.010)** (0.010)**
kk kk .
Investmen 10 % (baselin
t grant e)
20 % 0.12 0.13 0.12 0.13 0.12 0.13
(0.013) (0.013) (0.013) (0.013) (0.013)** (0.013)**
ki ki
ki skek
30 % 0.20 0.21 0.20 0.21 0.20 0.21
(0.013) (0.013) (0.013) (0.013) (0.013)** (0.013)**
ki ki
ki skek
40 % 0.29 0.30 0.29 0.30 0.29 0.30
(0.014) (0.014) (0.013) 0.014) (0.014)** (0.014)**
ki ki oo s
Self- 25 % (baselin
consumpti e)
on
50 % 0.26 0.27 0.26 0.27 0.26 0.27
(0.017)  (0.018) (0.017) (0.018) (0.017)** (0.018)**
ki ki
ki skek
75 % 0.49 0.50 0.48 0.50 0.48 0.50
(0.015) (0.016) (0.015) (0.016)** (0.015)** (0.016)**
ki ki
ki
100 % 0.64 0.65 0.64 0.65 0.64 0.65
(0.013) (0.013) (0.013)  (0.013)** (0.013)** (0.013)**
ki ki
ki
Treatment -0.025 -0.027 0.01
(0.012) (0.012)* (0.02)
k
-0.07 -0.14 -0.11
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Interaction between policy risk and (0.016) (0.019)** (0.020)**
treatment o
Time 0.03 0.04 0.02 0.03
preferences
(0.004) (0.004) | (0.004)**  (0.004)**
% ok
-0.05
Treatment -0.05
and high
risk
aversion
(0.021)*
Interaction between policy risk, -0.02
treatment and high risk aversion (0.006)*
Household income 0.02 0.03 0.01 0.03 0.01 0.03
(0.005)  (0.006) (0.01) (0.005)** (0.01)  (0.005)**
ok *%
Households assets 0.006 0.004 0.003 -0.002 0.002 -0.004
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Age -0.002  -0.001 -0.003 -0.001 -0.003 -0.001
(0.0)**  (0.0)** | (0.00)** (0.000)** | (0.000)**  (0.000)**
University degree -0.02 -0.01 -0.02 -0.02 -0.02 -0.02
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Female -0.04 -0.02 -0.04 -0.02 -0.04 -0.02
(0.012) (0.01) (0.012) (0.01) (0.012) (0.01)
*%
*% %
German-speaking region -0.01 0.00 -0.03 -0.02 -0.03 -0.01
(0.01) (0.01) | (0.013)* (0.01) (0.013)* (0.01)
Environmental preferences -0.03 -0.02 -0.02 -0.01 -0.02 -0.01
(0.007)  (0.008) (0.007) (0.01) (0.007) (0.01)
ok *
% ok
Technical affinity 0.04 0.04 0.03 0.04 0.03 0.04
(0.015) (0.015) | (0.015)* (0.015)** (0.02) (0.015)*
* ok
Right-wing voter -0.03 -0.03 -0.03 -0.03 -0.03 -0.03
(0.012) (0.012) | (0.012)*  (0.012)* (0.012)* (0.012)*
* *
Does not have solar peers -0.03 -0.03 -0.04 -0.04 -0.04 -0.04
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Choice 5272 5272 5272 5272 5272 5272
tasks
Responden 659 659 659 659 659 659

ts
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Controls YES YES YES YES YES YES

Heteroskedasticity-consistent standard errors in parentheses. All models without case-specific constant term.
Estimates report the marginal effects (at means) from alternative-specific conditional logit model. Dependent
variable is the probability to invest in solar PV system. Specifications in the second, fourth and sixth column based
on the Local Average Treatment Effect (LATE) framework developed by Imbens and Angrist (1994), relying on
the measure for individual perceived policy risk elicited in the questionnaire. *** p<0.01, ** p<0.05, * p<0.1.
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Table 3.B.5 Choice experiment: estimations from mixed logit model

Mixed logit

attributes and treatment

Mixed logit

attributes, treatment and

Mixed logit

attributes, treatment and

Mixed logit

attributes, treatment, controls,

(without controls) controls controls, time preferences time preferences, and
treatment/risk preference

interaction
coefficie coefficie  margi | coefficie coefficie  margi | coefficie coefficie margin | coefficie coefficie margin
nts nts nal nts nts nal nts nts al nts nts al
Mean Std.dev. effect Mean Std.dev. effect Mean Std.dev.  effect Mean Std.dev.  effect
(at (at (at (at
means means means) means)

) )
Waiting Immediate (baseli
time ne)

<1 year -0.26%**  -0.28%** -0.04 | -0.12%*%  0.35%%* -0.02 | -0.41%*%  (.59%** -0.02 | -0.14%*%  0.35%** -0.02

(0.05) (0.11) (0.06) (0.11) (0.06) (0.09) (0.06) (0.11)
1-2 year -0.51%k* Q.57 ** -0.07 | -0.41%**  0.59%** -0.06 | -0.99%**  (.90%*** -0.06 | -0.42%*%  (.57*** -0.06

(0.06) (0.09) (0.06) (0.09) (0.07) (0.09) (0.06) (0.09)
Undetermined -1 12%kx (.97 ** -0.14 | -0.99%**  0.90%** -0.12 -0.06 -0.06 -0.12 | -0.99%**  (.88*** -0.12

(0.07) (0.08) (0.07) (0.09) (0.06) (0.11) (0.07) (0.09)

Payment Fixed: 8 (baseli
for cent/kWh ne)
surplus
electricity
Variable: 6 - -0.17#%% -0.06  -0.02 -0.06 -0.06 -0.01 -0.10%  0.38%** -0.01 -0.07 -0.06 -0.01
10 cent/kWh

(0.05) (0.12) (0.06) 0.11) (0.06) (0.10) (0.06) (0.11)

Variable: 4 - -0.21%%F%  0.46%** -0.03 -0.10*  0.38#** -0.01 | -0.29%**  (.33%** -0.01 -0.11%  0.34%** -0.01

12 cent/kWh
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Mixed logit

attributes and treatment

Mixed logit

attributes, treatment and

Mixed logit

attributes, treatment and

Mixed logit

attributes, treatment, controls,

(without controls) controls controls, time preferences time preferences, and
treatment/risk preference
interaction
coefficie coefficie  margi | coefficie coefficie  margi | coefficie coefficie margin | coefficie coefficie margin
nts nts nal nts nts nal nts nts al nts nts al
Mean Std.dev. effect Mean Std.dev.  effect Mean Std. dev. effect Mean Std.dev.  effect
(at (at (at (at
means means means) means)
) )
(0.06) (0.09) (0.06) (0.10) (0.06) 0.12) (0.06) 0.11)
Variable: 0 - -0.40%** Q.41 %** -0.05 | -0.29%**  (.33%%* -0.04 | -0.16%**  -0.27%%* -0.04 | -0.30%**  (0.36%** -0.04
16 cent/kWh
(0.06) (0.08) (0.06) (0.12) (0.06) (0.09) (0.06) 0.12)
Investme CHF 15,000 (baseli
nt cost ne)
CHF 20,000 -0.27%%* -0.15  -0.04 | -0.16%**  -0.27*** -0.02 | -0.57%** 0.10 -0.02 | -0.18%***  -0.26%** -0.02
(0.06) (0.10) (0.06) (0.09) (0.06) (0.09) (0.06) (0.09)
CHF 25,000 -0.66%** -0.09  -0.09 | -0.57%** 0.10  -0.08 | -0.96%**  (0.46%** -0.08 | -0.58%** 0.09 -0.08
(0.06) (0.10) (0.06) (0.09) (0.07) (0.08) (0.06) (0.09)
CHF 30,000 -1.09%**  (.55%** -0.14 | -0.96%**  0.46%** -0.12 | 0.62%**  -0.20%* -0.13 | -0.97%*%  0.47*%* -0.13
(0.06) (0.08) (0.07) (0.08) (0.06) (0.08) (0.07) (0.08)
Investme 10 % (baseli
nt grant ne)
20 % 0.45%#%* 0.02 0.06 | 0.62%**  -0.20%* 0.08 | 1.02%** -0.05 0.07 | 0.61%**  -0.20%* 0.07
(0.06) (0.07) (0.06) (0.08) (0.06) (0.07) (0.06) (0.08)
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Mixed logit

attributes and treatment

Mixed logit

attributes, treatment and

Mixed logit

attributes, treatment and

Mixed logit

attributes, treatment, controls,

(without controls) controls controls, time preferences time preferences, and
treatment/risk preference
interaction
coefficie coefficie  margi | coefficie coefficie  margi | coefficie coefficie margin | coefficie coefficie margin
nts nts nal nts nts nal nts nts al nts nts al
Mean Std.dev. effect Mean Std.dev.  effect Mean Std. dev. effect Mean Std.dev.  effect
(at (at (at (at
means means means) means)
) )
30 % 0.87#%* 0.11 0.11 | 1.02%** -0.05 0.13 | 1.43%%* 0.04 0.13 | 1.00%** -0.05 0.13
(0.06) (0.07) (0.06) (0.07) (0.06) (0.07) (0.06) (0.07)
40 % 1.26%%* -0.05 0.17 | 1.43%** 0.04 0.19 | 1.26%** -0.04 0.19 | 1.40%** 0.03 0.19
(0.06) (0.08) (0.06) (0.07) (0.08) (0.13) (0.06) (0.07)
Self- 25 % (baseli
consumpt ne)
ion
50 % 0.97#%*  -0.27%** 0.10 | 1.26%** -0.04 0.12 | 2.35%*%* (Q.3]*** 0.11 | 1.22%%** -0.08 0.11
(0.07) (0.08) (0.08) (0.13) (0.08) (0.07) (0.08) (0.13)
75 % 2.10%*%  -0.15%%* 0.26 | 2.35%** 0.00 0.28 | 3.30%** -0.31%*** 0.28 | 2.31%** -0.01 0.28
(0.06) (0.06) (0.08) (0.07) (0.09) (0.07) (0.08) (0.07)
100 % 3.07%*%  -0.25%%* 0.44 | 3.30%** -0.3]1%** 0.45 | 3.26%*%*  (.35%%* 0.45 | 3.26%*%* -0.29%** 0.45
(0.07) (0.06) (0.09) (0.07) (0.09) (0.09) (0.09) (0.07)
Treatment | -0.63%%* - -0.18%* - -0.18* - 0.08 0.01
0.05%** 0.016* 0.017*
*
(0.08) (0.09) (0.09) (0.15)
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Mixed logit Mixed logit Mixed logit Mixed logit
attributes and treatment attributes, treatment and attributes, treatment and attributes, treatment, controls,
(without controls) controls controls, time preferences time preferences, and
treatment/risk preference
interaction
coefficie coefficie  margi | coefficie coefficie  margi | coefficie coefficie margin | coefficie coefficie margin
nts nts nal nts nts nal nts nts al nts nts al
Mean Std.dev. effect Mean Std.dev.  effect Mean Std. dev. effect Mean Std.dev.  effect
(at (at (at (at
means means means) means)
) )
Time preferences 0.18%** 0.028* | 0.18%** 0.025*
kek kg
(0.03) (0.03)
Treatment and high risk aversion -0.36%* -
0.034*
*
(0.16)

Choice tasks 6000 5272 5272 5272

Respondents 750 659 659 659

Controls NO YES YES YES

Standard errors in parentheses. All models without case-specific constant term. Estimates report the coefficients and the marginal effects (at means) from mixed logit model.
Dependent variable is the probability to invest in a solar PV system. The reduction in number of observations in specifications in the second, third and fourth columns, compared
to specification in the first column, follows from missing data for some of the covariates included in the model. *** p<0.01, ** p<0.05, * p<0.1.
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Table 3.B.6 Choice experiment: estimations from conditional logit model

correcting for compliance to the treatment

Without  With With With
controls  controls controls, controls,
time time
preferen  preferences
ces s and
treatment/r
isk
preference
interaction
Waiting Immediate (baseline
time )
<1 year -0.03 -0.02 -0.02 -0.02
(0.010)* (0.010)*
(0.009)* (0.010)*
*
1-2 year -0.07 -0.07 -0.07 -0.07
(0.009)* (0.010)**  (0.010)* (0.010)**
*k ES
Undetermined -0.15 -0.15 -0.15 -0.15
(0.009)* (0.009)**  (0.010)* (0.010)**
*k ES
Payment Fixed: 8 cent/kWh (baseline
for surplus )
electricity
Variable: 6 - 10 cent/kWh -0.01 -0.01 -0.01 -0.01
(0.01) (0.01) (0.01) (0.01)
Variable: 4 - 12 cent/kWh -0.01 -0.02 -0.02 -0.02
(0.01) (0.01) (0.01) (0.01)
Variable: 0 - 16 cent/kWh -0.05 -0.05 -0.05 -0.05
(0.010)* (0.010)**  (0.010)* (0.010)**
%k S
Investment CHF 15,000 (baseline
cost )
CHF 20,000 -0.02 -0.02 -0.02 -0.02
(0.010)* 0.011)*  (0.011)* 0.011)*
CHF 25,000 -0.09 -0.09 -0.09 -0.09
(0.010)* (0.010)**  (0.010)* (0.010)**
*k ES
CHF 30,000 -0.15 -0.15 -0.15 -0.15
(0.010)* (0.010)**  (0.010)* (0.010)**
%k 3k
Investment 10 % (baseline
grant )
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20 % 0.12 0.13 0.13 0.13
(0.012)* (0.013)**  (0.013)*  (0.013)**
* *
30 % 0.21 0.21 0.21 0.21
(0.012)* (0.013)**  (0.013)*  (0.013)**
* *
40 % 0.29 0.30 0.30 0.30
(0.013)* (0.014)**  (0.014)*  (0.014)**
* *
Self- 25 % (baseline
consumptio )
n
50 % 0.28 0.27 0.27 0.27
(0.017)* (0.018)**  (0.018)*  (0.018)**
* *
75 % 0.50 0.50 0.50 0.50
(0.015)* (0.016)**  (0.016)*  (0.016)**
* *
100 % 0.65 0.65 0.65 0.65
(0.012)* (0.013)**  (0.013)*  (0.013)**
* *
Treatment -0.06 -0.07 -0.14 -0.11
(0.007)* (0.016)** (0.020)**
* (0.019)*
*
Time preferences 0.04 0.03
(0.004)*  (0.004)**
%k
Interaction between treatment and high risk -0.02
aversion
(0.006)**
Choice tasks 6000 5272 5272 5272
Respondents 750 659 659 659
Controls NO YES YES YES

Heteroskedasticity-consistent standard errors in parentheses. All models without case-specific constant term.
Estimates report marginal effects (at means) from alternative-specific conditional logit model. Dependent variable
is the probability to invest in solar PV system. We recover actual treatment effects from intent-to-treat effect based
on the Local Average Treatment Effect (LATE) framework developed by Imbens and Angrist (1994), relying on
the measure for individual perceived policy risk elicited in the questionnaire. The reduction in number of
observations in specifications in the second, third and fourth columns, compared to specifications in the first
column, follows from missing data for some of the covariates included in the model. *** p<0.01, ** p<0.05, *

p<0.1.
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Figure 3.B.1 Probability to invest in a solar PV system, by individual risk

aversion (3 categories)

.86 B9 92 95

Frobability to invest in a solar PV system
83
1

T
Low Medium High

Probability to invest in a solar PV system is the frequency of not choosing the opt-out option (“NONE: I would
not choose any of these options”) in the choice task. Whiskers represent 95 percent confidence intervals. Low risk
aversion indicates individuals with a risk preference score equal to 6, 7, or 8; medium risk aversion indicates
individuals with a risk preference score equal to 4 or 5; high risk aversion indicates individuals with a risk
preference score equal to 1, 2, or 3. Risk preference score goes from 1 to 8, the higher the lower the risk aversion.
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Figure 3.B.2 Probability to invest in a solar PV system, by individual risk aversion

(3 categories) and experimental group

"“h

Control Treatment Control Treatment Control Treatment
Low risk aversion Medium risk aversion High risk aversion

86 B9 82 95

Frobability to invest in a solar PV system
83

Probability to invest in a solar PV system is the frequency of NOT choosing the opt-out option (“NONE: I would
not choose any of these options”) in the choice task. Whiskers represent 95 percent confidence intervals. Estimates
in the figure are comparable to intention-to-treat estimations. Low risk aversion indicates individuals with a risk
preference score equal to 6, 7, or 8; medium risk aversion indicates individuals with a risk preference score equal
to 4 or 5; high risk aversion indicates individuals with a risk preference score equal to 1, 2, or 3. Risk preference
score goes from 1 to 8, the higher the lower the risk aversion.
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Figure 3.B.3 Probability to invest in a solar PV system, by individual

intertemporal discount rate (2 categories)

BB 89 92 95

B3

Frobability to invest in a solar PV system
8
1

a7

Low High

Probability to invest in a solar PV system is the frequency of not choosing the opt-out option (“NONE: I would
not choose any of these options™) in the choice task. Whiskers represent 95 percent confidence intervals. High
intertemporal discount rate indicates individuals with a time preference score equal to 1, 2, 3 or 4; low
intertemporal discount rate indicates individuals with a time preference score equal to 5, 6, 7, or 8. Time preference
score goes from 1 to 8, the higher the lower the individual intertemporal discount rate (i.e. the more patient the
individual is).
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Figure 3.B.4 Probability to invest in a solar PV system, by individual

intertemporal discount rate (2 categories) and experimental group

1T

Caontrol Treatment Control ~ Treatment
Low intertemporal discount rate High intertemporal discount rate

a7 8 83 86 B9 92 95

Frobability to invest in a solar PV system

74

Probability to invest in a solar PV system is the frequency of NOT choosing the opt-out option (“NONE: I would
not choose any of these options”) in the choice task. Whiskers represent 95 percent confidence intervals. Estimates
in the figure are comparable to intention-to-treat estimates. High intertemporal discount rate indicates individuals
with a time preference score equal to 1, 2, 3 or 4; low intertemporal discount rate indicates individuals with a time
preference score equal to 5, 6, 7, or 8. Time preference score goes from 1 to 8, the higher the lower the individual
intertemporal discount rate (i.e. the more patient the individual is).
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Figure 3.B.5 Probability to invest in a solar PV system, by individual

intertemporal discount rate (3 categories)

8 83 B8 89 82 95

Frobability to invest in a solar PV system

a7

T T
Low Moderate High
Individual intertempaoral discount rate

Probability to invest in a solar PV system is the frequency of NOT choosing the opt-out option (“NONE: I would
not choose any of these options”) in the choice task. Whiskers represent 95 percent confidence intervals.

High intertemporal discount rate indicates individuals with a time preference score equal to 1, 2, 3 or 4; low
intertemporal discount rate indicates individuals with a time preference score equal to 5, 6, 7, or 8. Time preference
score goes from 1 to 8, the higher the lower the individual intertemporal discount rate (i.e. the more patient the
individual is).
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Figure 3.B.6 Probability to invest in a solar PV system, by individual

intertemporal discount rate (3 categories) and experimental group

11,

Control Treatment Control Treatment Control Treatment
Low Maoderate High

J7 8 B3 B B9 82 95

Frobability to invest in a solar PV system

74

Probability to invest in a solar PV system is the frequency of NOT choosing the opt-out option (“NONE: I would
not choose any of these options”) in the choice task. Whiskers represent 95 percent confidence intervals. Estimates
in the figure are comparable to intention-to-treat estimates. High intertemporal discount rate indicates individuals
with a time preference score equal to 1, 2, 3 or 4; low intertemporal discount rate indicates individuals with a time
preference score equal to 5, 6, 7, or 8. Time preference score goes from 1 to 8, the higher the lower the individual
intertemporal discount rate (i.e. the more patient the individual is).
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Figure 3.B.7 Average investment per solar PV system, by experimental group

22000 23000 24000 25000
| | | |

Average investment per solar PV system (CHF)
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Control Treatment
Experimental group

Whiskers represent 95 percent confidence intervals.
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Figure 3.B.8 Average investment per solar PV system, by individual risk aversion

(2 categories)

22000 23000 24000 25000
| | | |

Average investment per solar PV system (CHF)
21000
|

20000
|

I I
Low risk aversion High risk aversion

Whiskers represent 95 percent confidence intervals.
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Figure 3.B.9 Average investment per solar PV system, by individual risk aversion

(2 categories) and experimental group

I T
Control Treatment Control Treatment
Low risk aversion High risk aversion

21000 22000 23000 24000 25000
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Average investment per solar PV system (CHF)

20000

Whiskers represent 95 percent confidence intervals.
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Figure 3.B.10 Impact of policy risk salience on the probability to invest in a solar

Attributes and Levels

PV system

Self-
consumption

25% *
50 %
75 %

100 %

CHF 15,000*
CHF 20,000
CHF 25,000
CHF 30,000

Investment grant| Investment cost

10 %*
20%
30%
40 %

Waiting time

Immediate*
<lyear
1-2 year

Undetermined

Payment for

surplus
electricity

Fixed: 8 cent/kWh*

Variable: 6 - 10 cent/kWh
Variable: 4 - 12 cent/kWh

Variable: 0 - 16 cent/kWh

OControl group B Treatment group

N

-30%

-10% 0% 10% 20%

Percent change in probability to invest in a solar PV system, [relative to baseline*]

80%

Estimates report the marginal effects (at means) from alternative-specific conditional logit model. Dependent
variable is the probability to invest in solar PV system.
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Figure 3.B.11 Probability to invest in a solar PV system, by experimental group

86 89 92 85

Frobability to investin a solar PV system
83
1

T T
Control Treatment

Probability to invest in a solar PV system is the frequency of not choosing the opt-out option (“NONE: I would
not choose any of these options”) in the choice task. Whiskers represent 95 percent confidence intervals.

Sample limited to those respondents who answered “yes” (instead of “maybe” or “not”) to the screening question
on interest in purchasing a solar PV system in the next 5 years (N = 197).
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Figure 3.B.12 Probability to invest in a solar PV system, by individual risk

aversion and experimental group

1.

Control Treatment Control Treatment
Low risk aversion High risk aversion

B3 86 89 92 95

Frobability to invest in a solar PV system

8

Probability to invest in a solar PV system is the frequency of not choosing the opt-out option (“NONE: I would
not choose any of these options”) in the choice task. Whiskers represent 95 percent confidence intervals.

Low risk aversion indicates individuals with a risk preference score equal to 5, 6, 7, or 8; high risk aversion
indicates individuals with a risk preference score equal to 1, 2, 3 or 4. Risk preference score goes from 1 to 8, the
higher the lower the risk aversion. See Table 3.A.1 in Appendix A for more details.

Sample limited to those respondents who answered “yes” (instead of “maybe” or “not”) to the screening question
on interest in purchasing a solar PV system in the next 5 years (N = 197).
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3.10 Appendix C. Selection of attributes and levels

Attributes were limited to 5, in order to avoid cognitive overload for respondents. We
selected attributes and levels after reviewing existing choice experiment studies
analysing other research questions on the purchase of residential solar PV systems
(Islam 2014; Bao et al. 2017; Hille, Curtius, and Wiistenhagen 2018) and based on 10
semi-structured interviews conducted between July and October 2018 with solar PV
experts, Swiss households who adopted solar, and solar PV installers. The resulting set
of attributes and levels was pre-tested in a small pilot study with 30 Swiss homeowners
declaring to be interested in installing solar PV systems in the next 5 years. The choice

of each attribute and corresponding levels is discussed below.

Investment cost. This monetary attribute is the upfront total investment cost of the solar
PV system including installation and grid connection and excluding any investment
grant. Its levels reflect the observed price range for residential solar PV systems in
Switzerland. In particular, according to the interviews with solar PV installers, in 2018
most residential installations are of 7-8 kW and the typical system cost was around CHF
20,000. Deviations from this amount are typically driven by the choice of installer,

origin of modules, modules’ colour and type (building-integrated or building attached).

Self-consumption. This attribute states what share of the household’s annual electricity
consumption the PV solar system can cover on average. Based on interviews and the
literature (Balcombe, Rigby, and Azapagic 2014; Palm 2018), the possibility to produce
own energy and be independent of incumbent utilities is something that may matter to
many households. The attribute levels were linearly increased starting from an estimate
of the standard yearly average level that a Swiss household can reach without self-
consumption optimization, which is 25 %. Higher levels would be made possible by the
so-called self-consumption optimization solutions (EnergieSchweiz 2017), ranging
from: solutions that run electric appliances (e.g. heat pump, washing machine, tumble
drier, dishwasher) according to when solar is produced; a combined solar-storage

system; a solar system coupled with an electric vehicle domestic charging station; virtual
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storage (also known as “storage on the grid”). This attribute is typically strongly
positively correlated with expected cost energy savings, even if regulation could

substantially weaken this correlation.? In our design we ruled out the combination

between the highest self-consumption level (100 %) and the lowest system cost’s level
(CHF 15,000). The constraint was introduced to rule out a combination that looked quite
unrealistic, even in a 5-year horizon according to the literature review and the expert

Interviews.

Payment for surplus electricity. In the choice experiment, market risk is reflected in
the attribute “payment for surplus electricity”’, which features the following levels: fixed
payment: 8 cents/kWh; variable payment: ranging from 6 to 10 cent/kWh, depending on
electricity market price; variable payment: ranging from 4 to 12 cent/kWh, depending
on electricity market price; variable payment: ranging from O to 16 cent/kWh, depending
on electricity market price. The levels of this attribute have the same “certainty
equivalent” (i.e. the same average value, assuming a normal probability distribution for
the electricity market price) but different variability (in terms of min-max range). We
assume that higher variability is associated with higher perceived market risk. The
variation in the price of electricity exported to the grid across alternative solar
investment options is realistic in the light of the ongoing move away from long term
state-guaranteed fixed payments (e.g. feed-in tariffs). Current regulation in the European
Union mandates that monetary compensation for excess electricity fed back by
prosumers into the grid should reflect its market value, possibly including a premium
for its long-term value for the environment and society (Art. 21 para. 2 lit. d Renewable
Energy Directive). As long as the contract agreement between the prosumer and her
counterparty fulfils this requirement, any payment scheme is possible. In Switzerland
local energy suppliers buy electricity from decentralized solar producers at different

prices (for more details: https://www.vese.ch/pvtarif/, last accessed June 30, 2020).

30 On-bill savings also depend on how grid fees are charged to prosumers and on the pricing of retail electricity,
i.e. fix versus volumetric (Kubli 2018). For instance, energy cost savings would be null in a scenario, where,
similarly to the telecom industry, electricity customers pay a fixed “all-you-can-eat” monthly amount for
withdrawing electricity from the grid and residential solar PV producers do not go off-grid.
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Investment grant. This attribute describes the share of the total investment cost
reimbursed by the federal government, paid after the system is commissioned and
possibly after a time lag, as detailed in the attribute “waiting time for investment grant”.
The choice of simulating an investment subsidy, rather than a production subsidy (e.g.
feed-in tariff), is consistent with the current policy environment in many developed

countries, Switzerland included.

Waiting time for investment grant. In the choice experiment, policy risk is reflected
by a longer waiting time for receiving the investment grant, which features the following
levels: no waiting time (immediate reimbursement); shorter than 1 year; 1-2 years;
undetermined. Such levels appeared realistic for Switzerland and are consistent with

policy designs in many other developed countries.
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4 Study 3: “I’ve got the power”: the value of energy autonomy for

residential solar adopters?!

Beatrice Petrovich32

Abstract

Thanks to recent market and policy developments, private households can satisfy an
increasing share of their electricity needs with solar systems installed on their house.
Prosumers are taking central stage in decarbonisation policies, but there is still scarce
evidence on customer preferences for solar self-consumption and the willingness to
invest in it. Through a discrete choice experiment with 659 Swiss homeowners
interested in adopting a solar PV system, this study provides insights on the willingness
to pay for increasing levels of energy autonomy and their underlying drivers. The results
indicate that the willingness to pay for energy autonomy of Swiss potential solar
adopters is twice the amount that can be explained by cost savings alone, and is
independent of their present electricity costs. Interestingly, the perceived value of energy
autonomy is only partially driven by homeowners' expectations about future electricity
prices and is independent of environmental concerns. Overall, the study suggests that
intrinsic preference for control and identity-enhancement motivations can have a
significant role in energy autonomy investment decisions. Based on the empirical
findings, the study discusses implications for the design of decarbonisation policies and

business models for residential solar.

Keywords: Households; solar energy; energy autonomy; choice experiment;

prosumer; willingness to pay

31 Submitted for publication in Energy Policy, currently under review after receiving a request for revisions by
two anonymous reviewers in December 2020. An earlier version of this work has been presented at a
doctoral seminar at the University of St. Gallen in April 2020.

32 University of St. Gallen, Chair for Management of Renewable Energies.
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4.1 Highlights

* Evidence on potential Swiss prosumers’ willingness to pay (WTP) for energy

autonomy.

* WTP for energy autonomy is twice the amount that can be explained by cost savings.

* WTP for energy autonomy does not depend on perceived present electricity costs.

* Expectations on electricity prices influence WTP, environmental concerns do not.

* Increased energy autonomy and self-sufficiency labels can accelerate solar adoption.
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4.2 Introduction

Investing in renewables is a high-potential strategy to effectively address the climate
crisis (Hepburn et al. 2020). In an increasingly decentralised energy system, small-scale
solar PV systems can play a critical role in the future electricity generation mix (IEA
2018). They can significantly contribute to the decarbonisation of our economy, in
particular by powering private e-mobility (SolarPowerEurope 2019b) and reducing the
climate footprint of buildings, which accounts for about a third of total CO2 emissions
(IEA and UNEP 2018). Switzerland -- the country case-study of this empirical work - is
one of the regions where solar PV systems installed on buildings have a still untapped
potential and are expected to significantly contribute to the country's energy transition
goals (Swiss Federal Office of Energy 2019), also thanks to a high and increasing social
acceptance of the technology among the Swiss population (Cousse, Kubli, and

Wiistenhagen 2020).

The deployment of small-scale solar capacity crucially depends on households' private
decisions to install solar PV systems on their houses (Bergek, Mignon, and Sundberg
2013; Clean Energy Wire 2018; Karneyeva and Wiistenhagen 2017). In light of recent
policy and technology developments, a new factor could impact households' solar
adoption decisions: the option to "self-consume" solar power. Self-consumption means
that households satisfy part of their own energy needs with the power produced by a
solar system installed on their own house. This implies that individuals both produce
and consume energy at the same location, becoming "prosumers" (Kotler 1986;
Bergman and Eyre 2011). By doing so, they achieve some degree of "energy autonomy",
defined as the share of yearly electricity needs at a private place of residence met with

solar power generated on-site (Luthander et al. 2015).33

3 In the literature, this concept is also referred to as “self-supply”’(C. Oberst and Madlener 2015), “autarky”
(Kalkbrenner 2019; Korcaj, Hahnel, and Spada 2015), “generation of own power” (Leenheer, de Nooij, and
Sheikh 2011), “energy autonomy at building scale/in residential buildings”(R. McKenna, Merkel, and
Fichtner 2017; Schumacher et al. 2019). In this study energy autonomy does not necessary imply “energy
autarky”, that instead happens when solar power generated on-site entirely covers a household’s electricity
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The relevance of self-consumption has increased significantly in recent years also
because many countries are phasing out production subsidies that remunerate solar
generation exported to the grid (i.e. feed-in tariffs). As a result of this process, the
monetary incentive of installing a small-scale solar PV system increasingly depends on
consuming solar energy on-site (Luthander et al. 2015; McKenna, Pless, and Darby
2018). Moreover, energy transition policies around Europe facilitate and promote
"renewable self-consumption" and "prosumption" (Hendricks and Mesquita 2019; IEA

PVPS 2019).34 On the technological side, the fast-growing market for residential battery

storage and the rapidly falling costs of this technology (SolarPowerEurope 2019a)
enable a significant increase in households' energy self-consumption (Weniger, Tjaden,
and Quaschning 2014; Luthander et al. 2015; Nyholm et al. 2016; Vieira, Moura, and
de Almeida 2017).

Households' choices on energy autonomy could impact the operation of the whole
energy system, contributing to the shift from centralised to decentralised energy
generation, and potentially disrupting traditional business models of energy utilities
(Couture et al. 2014; Agnew and Dargusch 2015; CE Delft 2016; Parag and Sovacool
2016; Castaneda et al. 2017; Kubli 2018).

Notwithstanding the central role of self-consumption in energy policies and the
disruptive impact of solar prosumers, there is still limited evidence on customer
preferences for energy autonomy and their role in motivating solar PV adoption.
Existing studies show that increasing energy autonomy is an important motivation for

adopting micro-generation technologies (Oberst and Madlener 2015), solar PV systems

consumption at any time of the day. If households achieve energy autarky, they can do without grid electricity
and go off-grid.

34 Enabling renewable self-consumption is one of the top priorities of the recent European Union Clean Energy
Package. In particular, Member States shall put in place an enabling framework to promote and facilitate the
development of renewables self-consumption (Article 21.3 Directive (EU) 2018/2001 of the European
Parliament and of the Council of 11 December 2018 on the promotion of the use of energy from renewable
sources). In Switzerland, self-consumption has been allowed since April 2014 (IEA PVPS 2019).
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(Claudy, Michelsen, and O'Driscoll 2011; Korcaj, Hahnel, and Spada 2015; Zander
2020) and residential battery storage (Kalkbrenner 2019). However, there is still limited
insight into how much prospective residential solar adopters are willing to pay for
increasing their energy autonomy, and why. A better understanding of the drivers of
willingness to pay for energy autonomy can serve at least three strategic objectives.
First, it could help to design effective decarbonisation policies and to create successful
business models for small-scale solar energy. Second, it can highlight any existing gaps
between actual market prices of self-consumption optimisation solutions (e.g.
residential battery storage) and homeowners' willingness to pay. Third, it could shed
light on any mismatch between homeowners' preferred degree of energy autonomy, at a
given technology price, and the economically or systemically optimal level of energy

self-sufficiency (McKenna, Merkel, and Fichtner 2017).

The present study provides new evidence on households' willingness to pay (WTP) for
energy autonomy. It does that by exploiting a discrete choice experiment survey
conducted online with 659 Swiss homeowners interested in purchasing a solar PV
system. First, it derives estimates of WTP for increasing levels of energy autonomy
among prospective residential solar adopters; secondly, it explores financial and non-

financial factors that could influence WTP for energy autonomy.

This study contributes to the literature on adoption of micro-generation technologies,
and residential solar in particular.® It adds value by quantifying the impact on residential

solar investment decisions of a relatively new feature of solar systems, enabled by recent
technology and policy developments: the possibility to significantly increase a
household's energy autonomy. Furthermore, this study also contributes to an emerging
stream of literature on energy prosumers' behaviour and preferences (Kubli, Loock, and

Wiistenhagen 2018; C. A. Oberst, Schmitz, and Madlener 2019; Hahnel et al. 2020), by

% Micro-generation technologies are defined as energy generation technologies that are installed in individual
households such as solar PV, micro wind and micro combined heat and power production (micro CHP)
(Sauter and Watson 2007).
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investigating households' motivations and willingness to pay for becoming energy
prosumers. More in general, it contributes to the literature on consumer preferences for
prosumption and self-production activities, that has also focused on other specific forms
of prosumption (see for instance: Wolf and McQuitty 2011; Halassi, Semeijn, and

Kiratli 2019).

The remaining Chapter is structured as follows. Section 4.3 discusses different drivers
that could create customer value from energy autonomy and develops hypotheses.
Section 4.4 presents the methodology, including the sampling strategy, the design of the
choice experiment and the empirical approach. Section 4.5 presents and discusses
findings. Section 4.6 concludes and draws implications for policy makers and solar

marketers.

4.3 Literature Review and Hypotheses

The existing literature on the adoption of residential solar and battery storage suggests
three distinct perceived benefits of energy autonomy that can influence private
individuals' willingness to pay for solar PV systems. In what follows, I briefly describe

each of these benefits and develop corresponding hypotheses.

Electricity cost savings. When the levelized cost of electricity generation (LCOE) of
solar PV is below the retail electricity price, increasing energy autonomy lowers a
household's electricity expenditure compared to the pre-solar investment period (Vieira,

Moura, and de Almeida 2017; Barzegkar-Ntovom et al. 2020).3¢ Future electricity cost

36 Note that regulation could substantially weaken this effect. In fact, on-bill savings also depend on how grid fees
are charged on prosumers and on the pricing of retail electricity (e.g. fixed “all-you-can-eat” monthly amount
versus volumetric amount). On the contrary, rebound effects appear not to be able to crowd out on-bill savings
from prosumption (Keirstead 2007; Oberst, Schmitz, and Madlener 2019).
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savings are the economic benefits of energy autonomy,3” as well as a driver of residential

solar PV adoption (Islam 2014; Hille, Curtius, and Wiistenhagen 2018). If potential solar
adopters value energy autonomy only because of the potential cost savings over
purchasing grid electricity, their willingness to pay for such feature should be equal to
their assessment of the net present value of all expected future cost savings. Assuming
that households do not expect any substantial changes in the retail electricity price nor
their electricity consumption, a reasonable proxy of the future savings that they can
expect from self-consumption is represented by their own present electricity costs.
Based on this, if energy autonomy is valued because it generates future electricity cost

savings, the following hypothesis should hold:

H1. The higher a household's present electricity costs are, the higher the

willingness to pay for energy autonomy is.

Hedging against uncertain future electricity prices. Another benefit of energy
autonomy is that it allows people to reduce uncertainty around their future electricity
costs and protect against price rises. The larger the amount of self-consumed electricity,
the less future electricity costs depend on the uncertain future development of retail
prices. Indeed, existing studies show that protection against rises in electricity price is
one of households’ motivation to adopt solar (Balcombe, Rigby, and Azapagic 2014;
Sigrin, Pless, and Drury 2015; Agnew and Dargusch 2017). According to the theory of
“decision under uncertainty” (Arrow 1951), individuals with stronger risk aversion
should be ready to pay a higher premium to avoid risks. It follows that if energy
autonomy is valued as insurance against uncertain future electricity prices, the following

hypotheses should hold true:

H2. The more risk-averse a household is, the higher the willingness to pay for

energy autonomy is.

37 It is worth noticing that in some regulatory frameworks monetary benefits from self-consumed PV electricity do
not include only savings on the electricity bill, but also additional revenues such as self-consumption
bonus/premium or green certificates; however, this is not the case in Switzerland (Masson and Briano 2016).
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H3.If a household expects electricity price rises, her willingness to pay for energy

autonomy is higher than for someone who do not.

Personal contribution to the environment. Preferences for energy autonomy, achieved
through solar energy self-consumption, might also be explained by an individual's non-
monetary reward for "doing her own duty" in tackling the global climate crisis. A large
amount of literature shows that private psychological benefits from contributing to
environmental public goods could drive people's spending decisions beyond
profitability considerations (see the theory of 'warm glow giving' or 'impure altruism',
Andreoni 1990). Environmental motives can play an important role in solar adoption
decisions (Palm and Tengvard 2011; Palm 2018), although to a much lesser degree for
later than earlier adopters (Sigrin, Pless, and Drury 2015; Simpson and Clifton 2017). If
the own produced solar energy is regarded as more environmentally friendly than grid
electricity, households’ may interpret their degree of energy autonomy as an indicator
of their personal contribution to the fight against climate change. In other words, energy
autonomy can be regarded as a measure of "perceived consumer effectiveness" (Webster
1975), one of the drivers of green purchase intention and behaviour (Rowlands, Scott,
and Parker 2003; Joshi and Rahman 2015). Based on this, if energy autonomy is valued
because it augments the perceived effectiveness of personal investment choices in

addressing the global climate crisis, the following hypothesis should hold true:

H4. The more environmentally concerned a household is, the more she should be

willing to pay for energy autonomy.

4.4 Material and Methods

To assess the willingness to pay for energy autonomy and explore its drivers, I use a
pre-existing dataset from an online survey answered by potential residential solar PV
adopters. The survey was fielded in Switzerland in December 2018 and was developed
in the context of a broader research project on households' preferences for solar PV

(Baranzini et al. 2019). The survey included several closed-format questions and a
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discrete choice experiment (DCE) on the hypothetical purchase of a solar PV system.3

In what follows I describe in more detail the sampling procedure, the DCE design and
core measures in the survey. Appendix B describes the empirical approach used to

model the data.

4.4.1 Sampling

The sample was recruited by a professional market research firm, with access to over
100,000 people living in Switzerland. The market research firm remunerated the
respondents who successfully completed the survey by means of 'credit points' that they
can spend in designated online shops. Survey invitations were stratified according to
language region, age, gender, political orientation, and education, in order to match the
distribution of these variables in the Swiss population. In order to be included in the
sample, respondents had to own a single-family or multi-family house (apartment
owners were excluded), to own no solar PV system, and be interested in purchasing a

solar PV system in the next 5 years.3° These precise screening rules aimed at focusing

only on potential solar adopters, defined as individuals reporting to have an interest in
and being capable of purchasing a solar PV system for their house. This choice, common
in similar studies (e.g. Kalkbrenner 2019), maximises the verisimilitude of the
hypothetical choices and so maximises the external validity of the adopted stated
preference approach (Lancsar and Swait 2014). Out of the 1,492 Swiss homeowners
who initially accessed the questionnaire, 115 (8 %) reported to own a solar PV system
and were screened out. Out of the remaining respondents, 585 (42 %) stated that they
would not consider purchasing a solar system for their home in the next 5 years, hence
were screened out and did not answer the full questionnaire. Out of the remaining

respondents, 42 inattentive respondents were excluded as they did not pass the attention

3% The full survey questionnaire, translated to English, is available in Baranzini et al. 2019. The original
questionnaire was available in French, German, and Italian.

% The corresponding screening question was: “Would you consider installing a solar PV system in the next 5
years? Please consider that the cost range for a typical solar PV system for a residential house in Switzerland
is CHF 15,000-30,000, depending on capacity, preferred features, installer etc”. Respondents who answered
negatively were excluded from the survey.
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test included in the questionnaire.*’ For the purpose of this study 91 respondents were
excluded due to missing data for some of the covariates included in the model, leading
to a final sample size of 659 respondents.*! Table 4.A1 in Appendix A presents

descriptive statistics for the socio-demographic characteristics of the sample.

4.4.2 Choice experiment design

DCEs are an indirect method of eliciting individual stated preferences and willingness
to pay for different product features (Green and Srinivasan 1990; Train 2009). Previous
studies have adopted DCEs to investigate energy investment decisions of households,
including the purchase of a residential solar PV system (Bao et al. 2017; Hille, Curtius,
and Wiistenhagen 2018; Islam 2014), the purchase of a generic micro-generator (Oberst
and Madlener 2015; Scarpa and Willis 2010), the purchase of a product bundle of an
electric vehicle with a residential solar PV system (Priessner and Hampl 2020) and
energy efficiency investments in the home (Banfi et al. 2008; Achtnicht 2011; Alberini,
Banfi, and Ramseier 2013; Dharshing, Hille, and Wiistenhagen 2017). Participants in
DCEs have to choose repeatedly between two, or more, hypothetical product
alternatives, which vary on a number of attributes, such as price, brand etc. (Green and
Srinivasan 1990; Train 2009). The analysis of participants' choices over multiple rounds
("choice tasks"), where the levels of the attributes are randomly combined across the
presented product alternatives, allows to estimate the influence of changes in attribute

levels on respondents' willingness to pay (Green and Srinivasan 1990; Train 2009).

In the DCE used in this study, the product alternatives are hypothetical rooftop solar PV
systems and the attributes are key features of a solar PV system, including the degree of

energy autonomy it allows. The respondents faced 8 consecutive choice tasks. In each

40 This consisted of a simple attention check asking: “Please select the word ‘energy’ from the following list.”
Respondents were given a list of four items to choose from, including ‘energy’, ‘politics’, ‘environment’,
‘buildings’ and ‘I do not know’.

41 The sample used in this study overlaps with the one used in Petrovich, Carattini, and Wiistenhagen (2021). Due
to the different type of analysis conducted, the latter is based on a sample of 750 respondents.
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one they had to choose one out of three hypothetical solar PV systems for her own house
or select the opt-out option ("I would not choose any of these options"). By giving to
respondents the possibility to reject all displayed options, the choice setting is more
realistic (Hensher, Rose, and Greene 2015). Displayed solar PV systems were described
by a set of 5 attributes, each featuring 4 levels (Table 4.1). Attribute levels were

randomly combined across the alternatives.#>? The selection of attribute and

corresponding levels is described in detail in Section 3.10.

Before making their choices, all respondents read a short introductory text, informing
them that, by purchasing a solar system for their house, they pay once and produce their
own electricity for about 20 years. They were also told that when they use the solar
power they produce for their own needs, they buy less electricity from the grid and could
save money on their future energy bills. In addition, respondents were told that, for the
electricity they produce but do not consume, they receive a payment. Respondents were
not provided with a quantitative assessment of the potential cost-savings at the
individual level. Right before making their hypothetical choices, respondents were
asked to assume that all the proposed solar PV systems could be installed on their house
as it was. Furthermore, they were asked to answer as if they were actually taking a real
investment decision, and they were reminded about their budget constraint and
budgetary substitutes, in line with recommendations in the literature on how to reduce

hypothetical bias (Arrow et al., 1993).

4 All combinations between attribute levels were allowed, with the only exception of the combination between
the lowest system cost level (CHF 15,000) and the highest self-consumption level (100 %). The constraint
was introduced to rule out a combination that might have otherwise seemed unrealistic, even with a 5-year
horizon, according to expert interviews, as 100% self-consumption would typically require additional
investment in battery storage.
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Table 4. 1 Attributes and attribute levels for the choice experiment

Variable: ranging from 6 to 10
cent/kWh

Variable: ranging from 4 to 12
cent/kWh

Variable: ranging from 0 to 16
cent/kWh

Attribute Levels Explanatory text shown to respondents
Investment cost CHF 15'000 This is the total cost of the solar PV system
. including installation and grid connection.
CHEF 20000 You have to pay this upfront. It excludes
CHF 25'000 government support (see below under
CHF 30000 "investment grant").
Self-consumption® 25 % Thanks to your solar PV system, a share of
your yearly electricity consumption will be
50 % . .
covered by your own production; you will
75 % buy less electricity from the grid and have
lower electricity bills over the life time of the
100 %
solar system (20 years).
Investment grant 10 % The federal government reimburses you this
20 9% share of the total cost you spend for the solar
? PV system. This sum is paid after the system
30 % is commissioned (see below under "waiting
40 % time for investment grant”).
Waiting  time for | No waiting time (immediate | The federal government reimburses you part
investment grant reimbursement) of the total upfront cost, this is the time that
you have to wait to receive the money from
Shorter than 1 year
the government.
1-2 years
Undetermined
Payment for surplus | Fixed: 8 cent/kWh When you produce more electricity than you
electricity use, surplus electricity goes directly into the

grid and you will receive a payment for the
electricity you send to the grid. The payment
can be fixed or variable. A fixed payment
remains the same over the lifetime of the
solar system. A variable payment depends on
the market price of electricity.

(a) The term "self-consumption" ("Eigenverbrauch" in German, "votre autoconsommation" in French,
"autoconsumo" in Italian) rather than "energy autonomy" was shown to respondents. This choice was motivated
by the fact that the former term has a more neutral connotation than the latter.

4.4.3 Core survey measures

The survey measured relevant covariates of the respondents, which are summarised in
Table 4.A2 in Appendix A and discussed in what follows. Descriptive statistics are

presented in Table 4.A3 in Appendix A.
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Perceived present electricity costs. The survey collected evidence on the respondents'
assessment of their own present electricity expenditures. I deliberately chose to use a
measure of perceived electricity expenditures rather than actual ones. Since most
households have limited energy-related financial literacy (Blasch et al. 2017, 2018;
Brounen, Kok, and Quigley 2013), perceived and actual energy expenditures do not
necessary match. The choice setting of the present study replicates a household's initial
assessment of solar PV options, performed without the assistance of a professional
energy consultant or solar installer, for instance when consulting an online quote
platform for prospective solar adopters. Although not being sufficient for a final
investment decision, a positive initial assessment is a necessary and fundamental step
towards it. In such a context, perceived costs and their salience are likely to matter more
than actual cost figures. In the survey, perceived electricity costs were measured using
a three-step approach. First, respondents were asked whether they know how much their
household spends monthly for electricity. In the second step, they were not asked for a

precise monetary amount, but rather which cost range applied to them (< 50 CHF/month,

50-100 CHF/month, 100-150 CHF/month or >150 CHF/month*3). Cost classes were

based on official statistics on Swiss households' electricity expenditures
(EnergieSchweiz 2018b). In the third step, respondents provided a subjective qualitative
judgement on the size of their electricity spending ("How would you describe the
amount you pay for electricity: very high; rather high; fair; rather low; very low; I don't
know"). Interestingly, consistently with evidence of generally low energy-related
financial literacy in Europe (Blasch et al. 2018), more than 60 % of the respondents
admit they do not know how much they spend for electricity every month. Among those
who know, slightly less than one quarter report to pay more than 150 CHF per month
(Table 4.A3 in Appendix A). Reported monthly electricity spending should not
significantly underestimate real costs, as official statistics show that in Switzerland, a
typical two-member household spends between 24 and 65 CHF/month, depending on
the place of residence (EnergieSchweiz 2018b). Most of respondents believe that their
present electricity spending is fair or rather low, only 3% thinks is very high (Table 4.A3

43 This corresponds to < 47 euro/month, 47-93 euro/month, 93-140 euro/month or >140 euro/month.
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in Appendix A). Overall, these statistics suggest that electricity costs are not very salient

to Swiss households.

Electricity price expectations. Households' beliefs on future electricity prices were
elicited in the survey using a two-step approach, based on the one used for gasoline price
in the Michigan Consumer survey (Anderson et al. 2013). In the first step, respondents
were asked whether they expect the price of electricity paid by a Swiss household to
drop or increase in the next 5 years. In the second step they were asked whether they
thought that the expected increase/decrease was larger than 10% (sharp
increase/decrease) or up to 10% (light increase/decrease). The "do not know" option was
included to capture full uncertainty about electricity prices. Only 20% of the people in
the sample expect sharp increases (Table 4.A3 in Appendix A). About a quarter of the
respondents simply assume that prices will remain at today's level and the large majority
expects only slight changes. This fact is consistent with evidence showing that the
average consumer's energy price expectations are typically indistinguishable from a no-
change forecast (Anderson, Kellogg, and Sallee 2013). A small minority, less than 4%,

feels completely uncertain about future energy prices.

Risk and time preferences. In the survey respondents' risk and time preferences were
elicited through a combination of items, following the approach developed by Falk et

al. (2016, 2018) for the Global Preference Survey.

Environmental preferences. Individual environmental preferences were elicited
following the approach of the 5" wave of the World Value Survey (Inglehart et al. 2014).
Our sample of potential residential solar PV adopters includes a significantly higher
share of individuals with very strong environmental concern, compared to the Swiss
population (Table 4.A3 in Appendix A), which is consistent with empirical evidence
showing that interest for solar could be driven by environmental motives (see, amongst

others, Palm 2018).
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4.5 Results and discussion

4.5.1 Estimation of willingness to pay for energy autonomy

Swiss potential solar adopters significantly value more solar PV systems that allow for
a higher degree of energy autonomy (Figure 4.1, Table 4.2). In the simulated choice
setting, energy autonomy was the attribute with the most substantial impact on
respondents’ willingness to pay for a solar system. Estimations reveal high willingness
to pay for energy autonomy: on average Swiss homeowners report to be willing to spend
about 20'000 CHF to increase their energy autonomy from 25 % to 50 %, and about an
additional 15'000 CHF each to further raise it to 75 % and 100 %, respectively. A 25 %
increase in energy autonomy is valued as much as 75 % of the average purchase cost of

a residential solar PV system in Switzerland in 2018.#* Estimates, however, suggest that

homeowners do not attach a disproportional utility to achieving 100 % energy
autonomy, as respondents are not willing to pay a significantly higher amount to reach
the "last 25 %" of autonomy. This finding is particularly relevant considering that the
technical cost of increasing self-sufficiency, on the contrary, is likely to grow
exponentially as the share of autonomy approaches 100 %, due to required additional

investment in battery storage (Weniger, Tjaden, and Quaschning 2014).

4 In particular, according to the expert interviews conducted for designing the choice experiment, in 2018 the
typical residential solar system costed around CHF 20,000, and the observed price range for residential solar
PV systems in Switzerland was CHF 15,000-30,000. Deviations were typically driven by the choice of
installer, origin of modules, modules’ colour and type (building-integrated or building attached), addition of
battery storage or not.
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Figure 4. 1 Estimated WTP for attributes of a solar PV system
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WTP coefficients represent the average reduction or increase in the initial investment cost for a solar PV system
that a Swiss potential solar adopter is willing to pay for the corresponding attribute level, relative to the attribute
baseline level, everything else being equal. WTP coefficients are reported in Table 4.2. Whiskers represent the
95% confidence interval.
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Table 4. 2 Estimates from mixed logit model

Coefficients Coefficients WTP
Mean Std. dev. (CHF)
Investment cost Q.07
(0.004)
50 % 1.27%#%% 0.30%** 18,143
(0.08) (0.10)
Energy 75 % 239 0.01 34,143
autonomy
(baseline:
25%) (0.08) (0.09)
100 % 3.30%%* 0.59%#* 48,429
(0.09) (0.05)
6 - 10 c/kWh -0.05 -0.14 -714
(0.06) (0.10)
Payment for
surp.lu.s 4 -12 c/kWh -0.10%* 0.24%** -1,429
electricity
(baseline: 8 11
e/kWh) (0.06) (0.11)
0-16 c/kWh -0.31%%* 0.32%%% -4,429
(0.06) (0.10)
20 % 0.63**%* -0.13 9,000
(0.06) (0.12)
Investment
grant 30 % 1.01%%* 0.36%** 14,429
(baseline 0.07) (0.07)
10%)
40 % 1.44%%% -0.21%%* 20,571
(0.07) (0.10)
<1 year -0.11%%* -0.18 -1,571
0.06 0.14
Waiting time ¢ ) ( )
(baseline: 1-2 year -0.44%** 0.58*#%* -6,286
immediate (0.06) (0.09)
payment) .
undetermined -0.99%** 0.92%%% -14,143
(0.07) (0.09)
Observations (N. choice tasks) 5272
Observations (N. respondents) 659
Controls YES

*##% p<0.01, ** p<0.05, * p<0.1. Standard errors in parentheses. Estimates report mean coefficients in the utility-
space, standard deviations for each coefficient in the utility-space, and mean WTP estimate for non-monetary
attribute levels. Dependent variable is the probability to purchase a solar PV system. Model without case-specific
constant term. All attributes, except for investment cost, coded as dummy. Control variables included in the model
are: age, gender, education, income, financial assets, region of residence, environmental preferences, political
orientation, technical affinity and peer influence. Full model estimates are reported in Table 4.A4 in Appendix A.
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The specific design of this study allows comparing stated WTP for particular levels of
energy autonomy with the corresponding expected monetary benefits in terms of future
cost savings. It turns out that, for all simulated levels of energy autonomy, respondents
are willing to pay about twice as much of what can be explained by anticipated cost

savings alone.

The above result holds even when making the conservative assumption of no time
discounting of future benefits (Figure 4.2). More specifically, according to survey
responses, over 75 % of the homeowners who are aware of their electricity expenditures,
report to pay no more than 150 CHF/month (Table 4.A3 in Appendix A). Given this
information set, the average homeowner could expect to save no more than 150
CHF/month for 100 % energy autonomy, provided that he/she assumes that retail
electricity prices would not diverge substantially from the present ones. This assumption
1s consistent with what the majority of respondents believes (Table 4.A3 in Appendix
A) and with the typical heuristics applied in comparable settings (Anderson, Kellogg,
and Sallee 2013). Given our assumptions, passing from 25% to 100% of energy
autonomy would allow increasing total savings by 27,000 CHF over the whole average

technical life of a solar system (20 years).*> These expected savings compare, for the

same increase in energy autonomy, to about 50,000 CHF in higher willingness to pay.

4 This amount is computed as follows: 150 CHF/month * (1 - 0.25) * 12 months/year * 20 years/system.
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Figure 4. 2 WTP for different degrees of energy autonomy and assessment of

corresponding future electricity cost savings

Willingness to pay (average increase compared to 25%
autonomy)

B Max. expected electricity cost savings (over 20y., at
current prices, compared to 25% autonomy)
60,000

50,000 I
40,000

- [

T 30,000

)
20,000 I

10,000 -
0

50 % 75 % 100 %

Energy autonomy

Willingness to pay estimates are those reported in Table 4.2 and are averages over Swiss potential solar adopters.
Whiskers represent the 95% confidence interval.

It might be argued that the adopted estimation does not correctly reflect Swiss
households' assessment of the potential savings from replacing grid electricity with self-
consumed solar power. In particular, if households apply different heuristics, have
limited energy financial literacy, or systematically overestimate the cost of grid

electricity, they might significantly overestimate such savings.%¢ If this is the case, the

observed high willingness to pay for energy autonomy might be just the consequence of
an excessively optimistic assessment of potential savings among respondents. However,
a much higher saving assessment than the one assumed here appears unlikely, as most
respondents in the sample do not regard own electricity costs as “high” (Table 4.A3 in

Appendix A).

46 Similarly to what happens in the case of electrical appliances when information on the future energy savings is
expressed in physical units (kWh), rather than in monetary terms (CHF) (Heinzle 2012).
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4.5.2 Drivers of willingness to pay for energy autonomy

Although potential solar adopters systematically prefer higher to lower energy
autonomy, they respond quite differently to the increase in the degree of energy
autonomy. In particular, in the mixed logit model, the estimated standard deviations of
coefficients for 50 % and 100 % energy autonomy are highly significant, indicating that
tastes for energy autonomy do indeed vary in the population (Table 4.2). Given the
estimated price coefficient, the model implies that WTP for 100 % energy autonomy is
normally distributed, with a mean of about 48,000 CHF and a standard deviation of
8,400 CHF (a fairly high variation). In the rest of this section, I exploit the observed
variation in WTP for energy autonomy among respondents to investigate its drivers and

test the hypotheses presented in Section 2.

4.5.2.1 Economic motivations (Hypothesis 1)

As discussed in Section 4.2, if potential solar adopters value energy autonomy for the
savings over purchasing grid electricity, the observed variation in WTP for energy
autonomy should be explained by different assessments of the net present value of such
savings. Assuming that the respondents do not anticipate substantial changes in the
price of retail electricity, the future savings that they expect should be 1) directly
proportional to their current electricity expenses, and 2) inversely proportional to their

time discount rate.

I find no evidence that the potential solar adopters who think their electricity bill is
(rather) expensive value energy autonomy more than the others. More specifically, the
coefficients of the interaction terms between dummy variables for all energy autonomy
levels and high perceived present electricity costs, controlling for expectations about

future prices, are not statistically significant from zero (Table 4.3). Therefore, the
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observed variation in estimated WTP for energy autonomy does not appear to be driven

by variations in present electricity costs (Hypothesis 1 rejected).”

Conversely, the observed variation in estimated WTP can be explained by variations in
respondents’ discount rates, that is how much they discount future monetary gains. In
fact, the coefficients of the interaction terms between dummy variables for high energy
autonomy levels and a dummy variable for respondents with a low time discount rate
are positive and statistically significantly different from zero (Table 4.3). In particular,
everything else being equal, the estimates indicate that a more patient respondent is
willing to pay about 12,000 CHF more than a less patient one to increasing energy

autonomy from 25 % to 100 %.

47 Interestingly, the estimated WTP for energy autonomy is not significantly higher for respondents who plan to
buy an electric car in the next 5 years, and hence could have expected to save more money through energy
autonomy than the others.
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Table 4. 3 Estimates from mixed logit model with interaction terms

Coefficients  Coefficients WTP (CHF)®
Mean Std. dev.
Investment cost 0.7k
(0.004)
Energy autonomy
(baseline: 25%)
50 % 1.23%%* 0.23%%* 17,571
(0.28) (0.10)
75 % 1.64%%* 0.06 23,429
(0.26) (0.07)
100 % 2.14%%* 0.52%** 30,571
0.27) (0.06)
Interaction terms for energy autonomy
(baseline: 25%)
50 % * considers electricity bill as rather high or high -0.22
(0.17)
75 % * considers electricity bill as rather high or high 0.06
(0.16)
100 % * considers electricity bill as rather high or high 0.17
0.17)
50 % * high risk aversion -0.14
(0.18)
75 % * high risk aversion 0.12
(0.17)
100 % * high risk aversion 0.07
(0.17)
50 % * expects electricity price rise 0.10
(0.17)
75 % * expects electricity price rise 0.35%* 5,000
(0.17)
100 % * expects electricity price rise 0.44%x 6,286
0.17)
50 % * high concern for environment -0.07
(0.20)
75 % * high concern for environment -0.02
(0.19)
100 % * high concern for environment 0.27
(0.19)
50 % * low individual time discount rate 0.29
(0.20)
75 % * low individual time discount rate 0.57+** 8,143
(0.19)
100 % * low individual time discount rate 0.827%** 11,714

(0.19)
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Coefficients  Coefficients WTP (CHF)®
Mean Std. dev.
Direct effects
Considers electricity bill as rather high or high -0.21
0.17)
High risk aversion -0.57 % -8,143
(0.18)
Expects electricity price rise -0.19
0.17)
High concern for environment 0.14
0.19)
Low individual time discount rate 0.27
0.19)
Payment for surplus electricity
(baseline: 8 c/kWh)
Variable: 6 - 10 cent/kWh -0.08 0.18*
(0.06) (0.10)
Variable: 4 - 12 cent/kWh -0.12% 0.34 %% -1,714
(0.06) (0.11)
Variable: 0 - 16 cent/kWh -0.30% 0.18 -4,286
(0.06) (0.14)
Investment grant
(baseline 10%)
20% 0.68%** 0.15 9,714
(0.07) (0.10)
30% 1.07%%* 0.02 15,286
(0.07) (0.12)
40% 1507 -0.377% 21,429
(0.07) (0.08)
Waiting time for grant
(baseline: immediate payment)
<1 year -0.14%* 0.5 -2,000
(0.06) (0.10)
12 year 0455 0.61 %5 6,429
(0.06) (0.09)
Undetermined -1.0T = 1.02%xx -14,429
(0.08) (0.09)
Observations (N. choice tasks) 5032
Observations (N. respondents) 629
Controls YES

#4% p<0.01, ** p<0.05, * p<0.1

(a) WTP estimates for specific attribute levels are reported only when the corresponding coefficient is statistically
significant at 10% significance level.

Standard errors in parentheses. Estimates report estimated mean coefficients in the utility-space, standard
deviations for each coefficient in the utility-space, and mean WTP estimate for non-monetary attribute levels.
Dependent variable is the probability to purchase a solar PV system. Model without case-specific constant term.
All attributes, except for investment cost, coded as dummy. Control variables included in the model are: age,
gender, education, income, financial assets, region of residence, environmental preferences, political orientation,
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whether the respondent reports to be always among the first ones to buy new technologies and whether the
respondent knows anybody among acquaintances and neighbours who has a solar PV system. Full model estimates
are reported in Table 4.A5 in Appendix A.

High risk aversion indicates individuals with a risk preference score equal to 1, 2, 3 or 4. Risk preference score
goes from 1 to 8, the higher the lower the risk aversion. High environmental concern indicates individuals with an
environmental preference score equal tol or 2. Environmental preference score goes from 1 to 5, the higher the
lower the environmental concern. See Table 4.A3 in Appendix A for more details.

4.5.2.2 Risk and environmental-related motivations (Hypothesis 2,3 and 4)

The analysis presented so far indicate two main results. First, the willingness to pay for
energy autonomy of Swiss potential solar adopters is twice the amount that can be
explained by cost savings alone (Section 4.1). Second, the respondents’ willingness to
pay for energy autonomy is independent of their present electricity costs (Section 4.2.1).
These results point to the possibility that potential solar adopters may be influenced by
other factors. In fact, WTP for a given feature of a product is a monetary valuation of
all possible benefits that may be important for the consumer, not necessarily only of
monetary nature. In the case of energy autonomy, a review of the literature (Section 2)
suggests that prospective solar prosumers may value not just cost savings, but also
protection against future uncertain electricity prices (Hypotheses 2 and 3), and non-
monetary rewards from making a personal contribution to the energy transition
(Hypothesis 4). To assess the importance of these theoretically relevant drivers, I exploit

the observed variation in WTP for energy autonomy among respondents.

To test Hypothesis 2, I investigate whether variation in WTP for energy autonomy can
be explained by potential solar adopters' risk preferences. I find that individuals with
stronger risk aversion do not value energy autonomy more than those with lower risk
aversion, for any level of the attribute (Hypothesis 2 rejected) (Table 4.3). Estimates in
Table 4.3 show that high-risk aversion, instead, tends to reduce willingness to pay for a
solar system in general, independently from the level of energy autonomy. This fact
might be explained by previous studies showing that risk-averse individuals are less
likely to invest in energy innovations (Sutherland 1991; Hassett and Metcalf 1993; Farsi
2010; Qiu, Colson, and Grebitus 2014; Schleich et al. 2019).
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Turning to Hypothesis 3, the results indicate that while general risk aversion does not
drive WTP for energy autonomy, homeowners' expectations on future electricity prices
do (Hypothesis 3 accepted). The positive and statistically significant interaction term
between 100 % energy autonomy and expectations about electricity price rises, implies
that respondents who expect future electricity prices to be higher than today's ones, value
energy autonomy more than others. More specifically, those who expect electricity price
rises would pay about 6,000 CHF more for obtaining 100 % energy autonomy than those
who expect no changes or a price drop. If homeowners expect electricity prices to go
up, they are willing to invest more now for increasing their energy autonomy, to avoid

an anticipated increase in their future spending.

Turning to Hypothesis 4, I find that WTP for energy autonomy is not significantly higher
for potential solar adopters with stronger environmental concerns (Table 4.3)
(Hypothesis 4 rejected). This result is relevant because - although our sample includes
a significantly higher share of individuals with strong environmental concerns compared
to the Swiss population — within respondents there is a substantial degree of variation in
environmental preferences. In particular, about 20 % of the respondents feature a

(relatively) low concern for the environment (Table 4.A3 in Appendix A).

4.5.3 Discussion

This study's findings on strong preferences and high willingness to pay for energy
autonomy complement existing evidence on German energy prosumers' preferences
(Oberst and Madlener 2015; Korcaj, Hahnel, and Spada 2015; Ecker, Hahnel, and Spada
2017; Kalkbrenner 2019).

The findings also expand the literature documenting that pure financial cost-benefit
evaluations often fall short of explaining energy-related investment and spending
decisions of households. Many of the existing contributions document that homeowners

tend not to invest in energy efficiency measures even when the associated cost savings
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exceed the upfront monetary investment costs, leading to the widely cited "energy
efficiency gap" (Gillingham and Palmer 2014). This study sheds light on an opposite
phenomenon: a situation where homeowners are willing to pay for an energy-saving

investment substantially more than the corresponding cost savings in the future.*8

Findings suggest that this happens because investing in energy autonomy brings
something meaningful for households beyond cost savings. This result can be related
with past evidence showing that Swiss households' stated WTP for highly energy-
efficient products exceeds the monetary value of reduced energy consumption, arguably
because higher energy efficiency is associated not only with higher savings but also with
higher quality (Sammer and Wiistenhagen 2006). Similarly, there is evidence that, in the
case of efficient heating systems, German homeowners are willing to pay not only for

their cost benefits, but also for their environmental benefits (Achtnicht 2011).

The analysis suggests that WTP for energy autonomy is in part explained by the desire
to protect against the risk of future electricity price rises. Still, it is not explained by
environmental motivations. These findings, on the one hand, enlarge our understanding
of how risk considerations affect households' energy-related decisions (see Farsi 2010;
Alberini, Banfi, and Ramseier 2013; Qiu, Colson, and Grebitus 2014; Schleich et al.
2019). On the other hand, they bring new evidence on the relationship between
households' environmental preferences and their intention to adopt solar systems, a fact
that is investigated in the empirical literature on residential solar adoption (for a review

see Petrovich, Hille, and Wiistenhagen 2019).

Interestingly, results show that standard deviations of the coefficients for energy
autonomy levels remain still large and significantly different from zero even when
accounting for the drivers that, according to the literature on residential solar and battery
storage adoption, should explain the consumer value attached to self-consumption of

solar energy (Table 4.3). This result indicates that willingness to pay varies among

48 Such situation could be named “self-sufficiency glut” to highlight the difference with the “energy efficiency

th)

gap .
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potential solar adopters more than is captured by expected cost savings, electricity price

expectations and environmental motives.

Variation in WTP for energy autonomy could be explained by the fact that people choose
to produce their own power as this enhances their identities and fulfil personal values,
as it has been observed in the case of other forms of prosumption, such as "do-it-
yourself" (Wolf and McQuitty 2011). In particular, some might be willing to pay more
for their electricity because the choice of a non-traditional form of energy supply
distances themselves from traditional energy companies. This signalling function has
been reported in the case of households adopting innovative micro-generation
technologies (Leenheer, de Nooij, and Sheikh 2011; Palm and Tengvard 2011).
Alternatively, the value that households attach to producing their own energy could be
intrinsic: some energy consumers might simply value the act of retaining autonomy over
their own energy supply, no matter what consequences or signals this action brings
about. In the psychological literature (J. M. Burger and Cooper 1979), "preference for
control" is a stable and measurable personality trait. Laboratory experiments show that
individuals are willing to pay a monetary premium to satisfy their intrinsic preference
for autonomy and control (Bartling, Fehr, and Herz 2014; Owens, Grossman, and
Fackler 2014; Bobadilla-Suarez, Sunstein, and Sharot 2017). In particular, individuals
prefer to retain independent control, even if this is costly to the decision-maker when
the choice situation leads to uncertain monetary gains or losses (Owens, Grossman, and
Fackler 2014; Bobadilla-Suarez, Sunstein, and Sharot 2017). Preference for control
might explain why some people are still ready to pay for increasing their energy
autonomy even when purchasing energy from the supplier would be, in expectation, less

costly, and equally environmentally friendly.

4.5.4 Limitations and avenues for future research

This study is subject to some limitations, which can serve as starting points for further
research. First, institutional features and cultural differences are likely to matter for the
willingness to pay for energy autonomy. This study focuses on a single country,

Switzerland, where electricity costs are not salient for households, and residential energy
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consumers are supplied solely by local suppliers, due to the partial energy market
liberalisation. By extending our approach to other contexts, insightful cross-national

differences might be explored.

Secondly, WTP estimates presented in this study should be considered with caution. In
particular, over-estimation could result from the hypothetical choice situation. Also,
WTP estimation could be affected by the scaling and range used for the monetary
attribute (for a discussion see Banfi et al. 2008; Achtnicht 2011). The setting of this
study tries to reduce the hypothetical bias and so maximise the external validity of our
results in different ways: it uses a carefully selected sample of individuals for whom the
purchase of a solar system is realistic, it reminds them about their budget constraint
shortly before the choice task and it uses a choice experiment, where WTP is implicitly
derived from choices. Furthermore, WTP estimates, although high, are consistent with
the prices paid by the Swiss households for solar-plus-battery systems in 2016/17, that
varied between CHF 30,000 and CHF 40,000.4° Future research could test our findings

using a broader range of prices in the experimental design or revealed preference data

from sale transactions of residential solar systems and battery storage.

Thirdly, in the present study, potential solar adopters did not receive explicit information
on the economic value of reduced electricity bills due to increased energy autonomy.
Previous studies show, however, that the way this information is disclosed could
significantly influence stated willingness to pay for energy efficiency investments
(Deutsch 2010; Kaenzig and Wiistenhagen 2010; Newell and Siikaméki 2014). Future
research could investigate the optimal provision of information and contribute to the
debate on whether providing more valuation information is likely to increase willingness

to pay for goods with an environmental value (Spash 2002; Spash et al. 2009).

Finally, using mixed methods, future research could further explore the role of

preference for control and identity-enhancement motivations for solar prosumers.

4 More specifically, residential battery systems sold in Switzerland in 2016/17 had a price range that varied
between CHF 10,000 and CHF 20,000 (EnergieSchweiz 2018a) while the typical cost of the solar modules
for a residential house was 20,000 CHF according to the expert interviews conducted for designing the choice
experiment.
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4.6 Conclusion and policy implications

Today recent technological and regulatory innovations allow residential solar systems
to increase homeowners' energy autonomy (the share of own electricity needs that can
be satisfied with own-generated solar power) significantly more than in the recent past.
We know from existing literature that homeowners have a high interest in energy
autonomy. Still, we have limited evidence on how much and why they may be willing
to pay for increasing their energy autonomy. Understanding willingness to pay (WTP)
for energy autonomy could help designing decarbonisation policies and successful
business models for small scale solar. This study fills this gap by addressing two
research questions: What is homeowners' WTP for increasing levels of energy

autonomy? What drives WTP for energy autonomy?

This study uses data collected through an online survey which was answered by 659
Swiss homeowners interested in purchasing a solar system for their house in a 5-year
horizon. The survey included a choice experiment that asked respondents to choose
repeatedly between solar systems with different prices and different degrees of energy

autonomy.

The results of this survey reveal that Swiss potential solar adopters value significantly
more systems that allow for a higher degree of energy autonomy: a 25 % increase in
energy autonomy is worth about 15,000 CHF (14,000 euro), that equals to about 75 %
of the cost of the typical residential solar PV system in Switzerland in 2018. The price
premium that respondents are willing to pay for increasing their energy autonomy is
twice the amount that respondents could have expected in terms of future cost savings.
Swiss potential solar adopters appear eager to increase their energy autonomy even

when this choice does not financially pay off over the lifetime of the solar PV system.

WTP for energy autonomy is independent of a household's assessment of its own present
electricity costs. In fact, homeowners who do not perceive their current electricity bill
as expensive appear anyway willing to pay for energy autonomy the same amount than
those with (rather) high perceived electricity bills. Instead, difference in WTP can be in

part explained by expectations on future electricity prices and in part by individual time
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preferences. As expected, homeowners who expect electricity price rises and discount
less future benefits tend to value higher degrees of energy autonomy significantly more
than the others. However, these two factors do not capture the whole observed variation
in WTP for energy autonomy. Interestingly, WTP for energy autonomy does not

increase if individuals have stronger environmental concerns.

Overall, the analysis suggests that homeowners may be still willing to pay a premium
for producing their own power, beyond financial and environmental considerations.
Households might be willing to pay a premium to distance themselves from traditional
energy suppliers or satisfy their intrinsic preference for control. A number of policy and

marketing implications can be drawn from our findings.

First, this evidence on consumer preferences suggests that those who will adopt
residential solar systems in the near future are likely to opt for a self-consumption
optimisation solution, such as battery storage, and size it to maximise their autonomy,
even if such solutions are expensive and do not pay back over the lifetime of the
technology. In particular, WTP estimates reported in this study exceed current real-

world capital costs of home batteries.>° This result suggests high market potential and a

rapid diffusion for this technology in Switzerland. In fact, already in 2018,
notwithstanding the high cost of electricity storage, one out of every five residential
solar systems sold in Switzerland had battery storage, and that trend has been on the rise
since then (EnergieSchweiz 2018a). As this could have a significant impact on the whole
energy system and grid operation, policymakers should get prepared for governing this
trend. In particular, on the one hand, high levels of solar energy autonomy for
homeowners increase the renewable supply of buildings and significantly contribute to
decarbonisation. On the other hand, individual self-consumption choices might push
homeowners towards relatively small solar PV systems, possibly making national
renewable targets harder to reach than, for example, in the world of generous feed-in

tariffs (see Karneyeva and Wiistenhagen 2017).

5 In 2016/2017 the cost range of residential storage battery systems sold in Switzerland varied between CHF
10,000 and CHF 20,000, depending on the size and technical features (EnergieSchweiz 2018a). According
to this study, potential solar adopters are ready to pay about CHF 15,000 for each 25 % increase in energy
autonomy compared to the baseline level that can be achieved without investing storage (25 %).
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Secondly, solar marketers and policy makers could work towards increasing the
technically feasible energy autonomy degree per single PV system, as this would make
small-scale solar significantly more attractive to homeowners and could accelerate
decarbonisation. Solar marketers, in particular, could bundle residential solar PV
systems with battery storage and/or an electric vehicle. Such market solutions could be
made available in "do-it-yourself" stores, as the perceived value of energy autonomy
appears to be linked also to identity enhancement motivations that are common among
the community of "do-it-yourself" consumers. Policy makers could loosen the definition
of self-consumption (e.g., extending it beyond confined boundaries to include different
assets owned by the same consumer at different locations). Furthermore, they could push
for ambitious standards for renewable self-supply in buildings, as these are expected to
find high acceptance. Also, current policies that facilitate renewable self-consumption

are expected to be successful in attracting new residential solar adopters.

Thirdly, to foster the adoption of residential solar, also among less environmentally-
concerned homeowners, solar marketers and policy makers should disclose information
about the energy autonomy degree that can be achieved through residential solar
systems. This could be done, for instance, through communication campaigns targeting
potential solar adopters and/or through the use of a "self-sufficiency label" on solar PV
systems. In particular, this study suggests that, when the information on energy
autonomy is readily available in the purchase situation, it could become very salient for
the consumer and significantly increase the perceived customer value of the solar
system. The way information on energy autonomy is displayed is likely to have
important implications for willingness to pay for solar. In fact, this study shows that
other benefits than the economic value of lower future electricity bills, are meaningful
for potential solar adopters. Therefore, advice to potential solar customers or online
quote platforms for prospective solar adopters should not just focus on a detailed
financial valuation of expected cost savings or return on investment, but also provide a
synthetic metric of the energy autonomy that could be obtained. Displaying only
monetary information might reduce the salience of other aspects that create substantial

customer value for potential solar adopters.
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Finally, this study has significant implications for business models that rely on
aggregation of distributed flexibility (Burger and Luke 2017). Typically, in these
models, solar prosumers make some of their battery storage capacity available for the
provision of flexibility to the grid, and, hence, potentially give up to some of their energy
autonomy (Burger and Luke 2017; Kubli, Loock, and Wiistenhagen 2018).
Consequently, there is a potential trade-off between prosumers' willingness to co-create
flexibility and their energy autonomy preferences. The result of substantial WTP for
retaining high energy autonomy suggests that adequate compensation schemes should

be developed for solar prosumers to be willing to co-create distributed flexibility.
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4.8 APPENDIX A - SUPPLEMENTARY MATERIALS

Table 4.A.1 Sample descriptive statistics and comparison with the Swiss

population
Variable name Description % in % in Not
sample Swiss e
populatio
n
Household income Household monthly income
Up to 6'000 CHF 12.0 30 o (a)
6'001 to 9'000 CHF 26.0 25 o (a)
9'001 to 12'000 CHF 26.4 19 o (a)
More than 12'000 CHF 25.2 27 o (a)
Household assets Household assets
Up to 100'000 CHF 44.9 65.0 o (d)
100'001 to 500'000 CHF 29.2 22.6 o (d)
500'001 to 1'000'000 CHF 6.8 6.7 (d)
More than 1'000'000 CHF 8.4 5.7 o (d)
Age Age (years)
18-29 9.5 149 = (b)
30-44 18.5 17.1 o (b)
45-59 46.9 31.9 o (b)
>59 25.1 36.1 o (b)
Female 1 if female, O if male 48.5 51.1 ek (b)
University degree 1 if holds university degree, 0 otherwise 38.7 30.6 o (b)
German-speaking 1 lives in German-speaking region, 0 77.5 72.7 o (b)
region otherwise
Technical affinity 1 if reports being always among the first 18.2 15.8 o (©)
ones to buy new technologies
Political Party Self-reported preference for political party
ey
right-wing 42.6 49 e (a)
centre 18.3 17 e (a)
left-wing 26.8 26 e (a)
other 12.0 8 ok (a)
Does not have solar 1 if does not know or not aware of anybody 8.5 n.a.

peers

among acquaintances and neighbours who
has a solar PV system

Note: *, ** and *** imply statistically-significant differences in the proportion between our sample and Swiss population at 10%, 5% and 1%,
respectively Due to missing data, some categories do not sum up to 100%
(a) Percentage in the fourth column refers to the Swiss population. Source: Swiss Federal Statistical Office (2017).

(b) Percentage in the fourth column refers to the population of Swiss homeowners. Source: Swiss Federal Statistical Office (2017).

(c) Percentage in the fourth column refers to the population of Swiss homeowners. Source: own estimate based on pool of 1,335 households
who received survey invitations for this study, do not own a solar PV system, and passed the quality check in the survey.
(d) Percentage in the fourth column refers to the Swiss population. Source: Swiss Federal Department of Finance (2015)
(1) Right-wing parties: SVP, FDP, BDP; Center parties: GLP, CVP, EVP; Left-wing parties: GPS, SP; declared no party preference and
information intentionally not disclosed added to residual category (Other).



160

Table 4.A.2 Operationalisation of core survey measures

Variable

Question(s) Source

Electricity cost awareness

#Do you know how much you spend monthly
for electricity in your house?

1.Yes

0. I do not know, I would have to check.

Own

Perceived monthly electricity cost

[following up question to "Do you know how
much you spend monthly for electricity in
your house?" only if answer is "Yes"]

#If yes, please indicate

1. <50 CHF/month

2. 50-100 CHF/month

3. 100-150 CHF/month

4. >150 CHF/month

Own

Perceived electricity bill importance

How would you describe the amount you pay
for electricity:

. very high

. rather high

fair

. rather low

. very low

. I don't know

Own

Environmental preferences

#Would you please indicate for the following
description

whether that person is very much like you,
like you, somewhat like you, not like you, or
not at all like you?

"Looking after the environment is important
to this

person; to care for nature and save life
resources"”

1. very much like you

2. like you

3. somewhat like you

4. not like you

5. not at all like you

World Value
Survey (Inglehart et
al. 2014)

Risk preferences

#How do you see yourself: are you generally
a person who is fully prepared to take risks or
do you try to avoid taking risks? Please tick a
box on the scale, from 'not at all willing to
take risks' to 'very willing to take risks'.
[answers on a 10-point scale]

#Please imagine the following situation. You
can choose between a sure payment of a
particular amount of money, or a draw, where
you would have an equal chance of getting
750 CHF or getting nothing. We will present
to you three different situations.

First situation. What would you prefer:

1. receiving 400 CHF for sure

2. a 50% chance of receiving 750 CHF, and
the same 50% chance of receiving nothing
[continues using the staircase approach]

Global Preferences
Survey (Falk et al.
2016, 2018)
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Time preferences

# How willing are you to give up something
that is beneficial for you today in order to
benefit more from that in the future? Please
tick a box on the scale, from 'not at all willing'
to 'very willing'. [answers on a 10-point
scale]

#Suppose you were given the choice between
receiving a payment today or a payment in 12

months.
We will now present 5 situations to you. Global Preferences
The payment today is the same in each of Survey (Falk et al.

these situations. The payment in 12 monthsis 2016, 2018)
different in every situation.

For each of these situations we would like to

know which you would choose.

Please assume there is no inflation, i.e, future

prices are the same as today's prices.

First situation. What would you choose
1. 200 CHF today

2. 308 CHF in 12 months

[continues using the staircase approach]

Expectations on electricity prices

# What do you think about how electricity
prices for Swiss households will develop over
the next five years?
I think that the price of electricity for Swiss
households..
1. will go up
2. will stay about the same as it is now
3. will go down
4. no idea
(Anderson et
[following up question only if answer to 2013)
above-question is 1 or 3]
# About how much do you think the price of
electricity for Swiss households will increase
[decrease] during the next five years
compared to now?
1. It will raise [decrease] sharply (increase
[decrease] by more than 10%)
2. It will raise [decrease] slightly (increase
[decrease] up to 10%)

al.
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Table 4.A.3 Descriptive statistics for core survey measures

Variable name Description % in % in Note
sample Swiss
populatio
n
Environmental Environmental preference 5-level score,
preferences the lower the stronger the environmental
preferences
1 32.5 27.5 ok (a)
2 46.0 39.2 ok (a)
3 18.4 30.4 ok (a)
4 2.8 2.5 ok (a)
5 0.3 0.3 (a)
Risk preferences Risk preferences 8-level score, the higher
the more risk taker
1 3.1 n.a
2 15.1 n.a
3 24.5 n.a
4 27.1 n.a
5 19.7 n.a
6 8.3 n.a
7 2.0 n.a
8 0.3 n.a
Low risk aversion 1 if risk aversion is low (Risk preference 30.3 n.a
score higher than 4)
High risk aversion 1 if risk aversion is high (Risk preference 69.7 n.a
score lower or equal to 4)
Time preferences Time preferences 8-level score, the higher
the more patient
1 0.7 n.a
2 1.6 n.a
3 53 n.a
4 10.4 n.a
5 21.3 n.a
6 36.0 n.a
7 22.4 n.a
8 2.3 n.a
Low discount rate 1 if individual intertemporal discount rate 82.0 n.a
is low (time preference score higher than
4)
High discount rate 1 if individual intertemporal discount rate 18.0 n.a

is high (time preference score lower or
equal to 4)
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Electricity bill 1 if aware of the amount of his/her 37.9 n.a
awareness electricity bill
Perceived monthly  Self-reported amount for household's
electricity cost monthly electricity bill, in 4 classes
1: <50 CHF 4.6 n.a
2:50-100 CHF 30.3 n.a
3: 100-150 CHF 41.2 n.a.
4: >150 CHF 23.9 n.a.
Electricity bill Perceived importance of electricity bill in
importance family budget, 5-level score, the higher the
more important electricity bill is
1 (very low) 0.7 n.a
2 (rather low) 9.1 n.a
3 (fair) 53.4 n.a
4 (rather high) 33.7 n.a
5 (very high) 3.2 n.a
Expectations on Self-reported electricity price expectations
electricity prices for the next 5 years, in 5 classes
sharp drop 0.8 n.a.
light drop 5.2 n.a.
no change 23.9 n.a.
light increase 46.5 n.a.
sharp increase 19.7 n.a.
no idea 3.9 n.a.

Note: *, ** and *** imply statistically-significant differences in the proportion between our sample and Swiss population at 10 %, 5 % and 1

%, respectively

(a) Percentage in the last column refers to the sample of the Swiss population of the World Value Survey, Sth Wave. Source: Kriesi and Hug

(2007).

Table 4.A.4 Estimates from mixed logit model, showing all control variables

Coefficien Coeffici WTP®
ts ents (CHF)
Mean Std.
dev.
Investment cost -0.07%**
(0.004)
Energy autonomy 50 % 1.27%%%  (.30%** 18,143
(baseline: 25%)
(0.08) (0.10)
75 % 2.39%%* 0.01 34,143
(0.08) (0.09)
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100 % 3.39%%%  (.59%** 48,429
(0.09) (0.05)
Payment for surplus 6 - 10 c/kWh -0.05 -0.14
electricity
(baseline: 8 c/kWh) (0.06) (0.10)
4 -12 c/kWh -0.10%  0.24%* -1,429
(0.06) (0.11)
0-16 c/kWh -0.31%*F* (. 32%%* -4,429
(0.06) (0.10)
Investment grant 20 % 0.63%** -0.13 9,000
(baseline 10%) (0.06) 0.12)
30 % LO1***  (.36%** 14,429
(0.07) (0.07)
40 % 1.44%%%  (0.2]%* 20,571
(0.07) (0.10)
Waiting time <1 year -0.11%* -0.18 -1,571
(basel;r;ilznlll:l?lt)edlate (0.06) 0.14)
1-2 year -0.44%%% (. 58%** -6,286
(0.06) (0.09)
undetermined -0.99%**  (),92*** -14,143
(0.07) (0.09)
Household income 0.177%**
(0.04)
Household assets 0.05
(0.05)
Age -0.027%%%*
(0.00)
University degree -0.14
(0.10)
Female -0.26%%*
(0.09)
German speaking region -0.07
(0.11)
Technical affinity 0.27%*
(0.13)
Right-wing voter -0.24**
-0.096
Does not have solar peers -0.23
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-0.164
High concern for 0.25%%*
environment
-0.11
Observations (N. choice tasks) 5272
Observations (N. respondents) 659

(a) WTP estimates for specific attribute levels are reported only when the corresponding coefficient is statistically significant at 10%

significance level.

##% p<0.01, ** p<0.05, * p<0.1

Standard errors in parentheses. Estimates report estimated mean coefficients in the utility-space, standard deviations for each coefficient in the
utility-space, and mean WTP estimate for non-monetary attribute levels. Dependent variable is the probability to purchase a solar PV system.
Model without case-specific constant term. All attributes, except for investment cost, coded as dummy.

Table 4.A.5 Estimates from mixed logit model with interaction terms, showing all

control variables

Coefficients  Coefficients WTP (CHF)
Mean Std. dev.
Investment cost -0.Q7#*k
(0.004)
Energy autonomy
(baseline: 25%)
50 % 1.23 %% 0.23%* 17,571
(0.28) (0.10)
75 % 1.64 %% 0.06 23,429
(0.26) (0.07)
100 % 2.14%%% 0.527%** 30,571
0.27) (0.06)

Interaction terms for energy autonomy

(baseline: 25%)

50 % * considers electricity bill as rather high or high -0.22
0.17)
75 % * considers electricity bill as rather high or high 0.06
(0.16)
100 % * considers electricity bill as rather high or high 0.17
0.17)
50 % * high risk aversion -0.14
(0.18)
75 % * high risk aversion 0.12

(0.17)
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100 % * high risk aversion 0.07
0.17)
50 % * expects electricity price rise 0.10
0.17)
75 % * expects electricity price rise 0.35%* 5,000
0.17)
100 % * expects electricity price rise 0.44%* 6,286
0.17)
50 % * high concern for environment -0.07
(0.20)
75 % * high concern for environment -0.02
(0.19)
100 % * high concern for environment 0.27
(0.19)
50 % * low individual time discount rate 0.29
(0.20)
75 % * low individual time discount rate 0.57%** 8,143
0.19)
100 % * low individual time discount rate 0.82%3%3% 11,714
0.19)
Direct effects
Considers electricity bill as rather high or high -0.21
0.17)
High risk aversion -0.57%** -8,143
(0.18)
Expects electricity price rise -0.19
0.17)
High concern for environment 0.14
(0.19)
Low individual time discount rate 0.27
(0.19)
Payment for surplus electricity
(baseline: 8 c/kWh)
Variable: 6 - 10 cent/kWh -0.08 0.18*
(0.06) (0.10)
Variable: 4 - 12 cent/kWh -0.12%* (.34 %% -1,714
(0.06) (0.11)
Variable: O - 16 cent/kWh -0.30%%** 0.18 -4,286
(0.06) (0.14)

Investment grant
(baseline 10%)
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20% 0.68*** 0.15 9,714
(0.07) (0.10)
30% 1.07#%* 0.02 15,286
(0.07) (0.12)
40% 1.50%%* -0.37%%* 21,429
(0.07) (0.08)
Waiting time for grant
(baseline: immediate payment)
<1 year -0.14%* 0.51%** -2,000
(0.06) (0.10)
1-2 year -0.45%%%* 0.61%** -6,429
(0.06) (0.09)
Undetermined -1.07%** 1.02%%* -14,429
(0.08) (0.09)
Observations (N. choice tasks) 5032
Observations (N. respondents) 629
Controls YES
Payment for surplus electricity
(baseline: 8 c/kWh)
Variable: 6 - 10 cent/kWh -0.08 0.18%*
(0.06) (0.10)
Variable: 4 - 12 cent/kWh -0.12* 0.34 %% -1,714
(0.06) (0.11)
Variable: 0 - 16 cent/kWh -0.30%** 0.18 -4,286
(0.06) (0.14)
Investment grant
(baseline 10%)
20% 0.68%** 0.15 9,714
(0.07) (0.10)
30% 1.07%** 0.02 15,286
(0.07) 0.12)
40% 1.50%** -0.37%%%* 21,429
(0.07) (0.08)
Waiting time for grant
(baseline: immediate payment)
<1 year -0.14%%* 0.51%** -2,000
(0.06) (0.10)
1-2 year -0.45%%* 0.61%*** -6,429
(0.06) (0.09)
Undetermined -1.01%%* 1.02%** -14,429
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(0.08) (0.09)
Control variables
Household income 0.22%x5%
(0.04)
Household assets -0.04
(0.06)
Age -0.01**
(0.00)
University degree -0.13
(0.10)
Female -0.17%*
(0.10)
German speaking region -0.06
(0.12)
Technical affinity 0.36%**
(0.14)
Right-wing voter -0.29%%%
-0.101
Does not have solar peers -0.21
-0.172
Observations (N. choice tasks) 5032
Observations (N. respondents) 629
Controls YES

8% p<0.01, ** p<0.05, * p<0.1

Standard errors in parentheses. Estimates report estimated mean coefficients in the utility-space, standard deviations for each coefficient in the
utility-space, and mean WTP estimate for non-monetary attribute levels. Dependent variable is the probability to purchase a solar PV system.
Model without case-specific constant term. All attributes, except for investment cost, coded as dummy. High risk aversion indicates individuals
with a risk preference score equal to 1, 2, 3 or 4. Risk preference score goes from 1 to 8, the higher the lower the risk aversion. High
environmental concern indicates individuals with an environmental preference score equal tol or 2. Environmental preference score goes from

1 to 5, the higher the lower the environmental concern. See Table 4.A2 for more details.

4.9 APPENDIX B - EMPIRICAL APPROACH

I estimate WTP for energy autonomy by fitting a mixed logit model for the probability
to purchase a solar PV system, based on 5,272 choices made by 659 respondents. In this
model, the probability to purchase a solar system is a function of its characteristics,

including the level of energy autonomy, and the characteristics of the respondent making
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the choice. Respondent-specific covariates are included in the model to control for
observable factors that, according to the literature, can influence the probability to adopt
a residential solar system. This choice enables robust estimation of other parameters in
the model (for a similar approach, see Newell and Siikamiki 2014). More specifically,
the respondent-specific covariates included in our model were: age, gender, education,
income, financial assets, region of residence, environmental preferences, political
orientation, technical affinity (defined as whether the respondent reports to be always
among the first ones to buy new technologies) and peer influence (defined as whether
the respondent knows anybody among acquaintances and neighbours who has a solar
PV system). Formally, the probability that respondent » invests in solar PV system i in

choice task 7 is:

eﬁ’X‘nit

P. = —
nit Zjeﬁrxnjt

whereby Xt represents a vector containing the alternative-specific variables for
attribute levels of the solar system i presented to respondent » in choice task ¢ and a set
of characteristics of respondent n. Alternative-specific variables are dummy coded, with
the exception of the investment cost that is coded as a continuous variable to allow for

willingness to pay estimation.

The decision to use a mixed logit model, instead of a standard conditional logit model,
allows to account for random taste variation in the population, as it assumes a probability
distribution for the B coefficients over respondents (McFadden and Train 2000; Train
2009). In the mixed logit specifications used in this study, coefficients for the
alternative-specific variables are assumed to be normally distributed, with the exception
of the investment cost (for a similar approach see Revelt and Train, 1998). Coefficients

for respondent-specific covariates are assumed to be fixed.

The average willingness to pay for specific levels of energy autonomy is estimated as

the negative ratio of the attribute level's coefficient to the coefficient for the investment
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cost (Train 2009).5! To test the hypotheses on the drivers of WTP for energy autonomy

(Section 2), I assess whether WTP for energy autonomy varies significantly depending
on the theoretically relevant individual characteristics, namely: perceived present
electricity costs, time preferences, risk preferences, electricity price expectations and
environmental preferences. Variations in WTP that are driven by observed respondents'
characteristics can be captured and quantified in logit models through interaction of
respondents' characteristics with attributes of the alternatives (Train and Atherton 1995;
Revelt and Train 1998). Following this approach, in order to investigate the drivers of
WTP for energy autonomy, I fit a mixed logit model that includes interaction terms
between the theoretically relevant individual characteristics and energy autonomy

levels.

51 Since T assume the investment cost coefficient to be fixed, then the willingness to pay for each attribute is

distributed in the same way as the attribute's coefficient, which is convenient for interpretation of the model (Train

2009).
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5 General Conclusions

This dissertation investigates the determinants of households’ decisions to invest in solar
systems installed on residential buildings. The relevance of this research topic follows
from the fact that residential solar systems are a high-potential strategy to speedily
decarbonize our economy and so address the climate crisis. Over the last ten years,
policy and technology developments have created new opportunities but also new risks
for private individuals who invest in a solar system for their house. On the one hand, the
cost of PV modules and electricity storage solutions, such as home batteries, has
decreased dramatically. On the other hand, in many countries we observe a general
reduction in financial incentives available for residential solar adopters coupled with
growing policy uncertainty around them in the wake of an increasingly polarized climate
debate. Moreover, governments all around Europe are phasing out traditional financial
support schemes that guarantee solar electricity producers with long-term secure
monetary benefits (i.e. feed-in tariffs), often replacing them with alternative instruments
(e.g. investment grants, feed-in premia and incentives for self-consumption) that imply

a higher degree of uncertainty around the monetary benefits of solar investments.

The impact of these novel factors on households’ willingness to invest in residential
solar is arguably relevant for policy makers who aim to sustain residential solar
adoption. However, it is still under-investigated in the academic literature. The three
empirical contributions included in this dissertation contribute to closing this gap using
stated preference data collected in two choice experiment surveys to Swiss homeowners.
The three studies contribute to the literature on households’ adoption of green
innovations. More specifically, the first one profiles different segments of potential
adopters with different sensitivity to price and aesthetic product features; the second one
enlarges our understanding of how risk considerations affect households’ decisions in
the energy domain and the third explores households’ willingness to pay for energy
innovations that allow to “prosume” (i.e. produce and consume a good at the same time).
Based on the empirical findings, the studies discuss policy and market implications for
accelerating residential solar adoption. While results are based on evidence from

Switzerland, implications can also inform policy makers of other European countries



172

which aim at promoting residential solar energy. Three main policy implications from

the three studies are summarized in this section.

1. Product differentiation in particular with regard to aesthetic product features is
needed to broaden the market for residential solar. Study 1 (Chapter 2) identifies
two promising segments of Swiss potential future residential solar adopters: a premium
segment preferring coloured and building integrated (BIPV) solar modules and a value
segment with more price-sensitive customers who would rather opt for a standard
building attached solution. This calls for product differentiation to meet different
customer preferences: while some suppliers can focus on cost leadership and target the
value segment who cares more about the budget, others can develop higher-priced
design solutions suitable for premium customers who are willing to pay a premium for
solar system’s beauty and visual appeal. Policy makers should then include both types
of solar solutions in building codes and labels. Policy makers together with other market
players should continue to raise awareness with regard to the existence and feasibility
of different solar solutions for buildings. Such awareness campaigns can target the wider
public (such as private homeowners), but may also be dedicated to professional decision
makers in the real estate sector, e.g. architects and developers. Study 1 also finds that
perceived poor appearance hinders further solar adoptions in Switzerland. This suggests
that changing the perception of how solar panels fit the appearance of buildings is
important for adoption in the later phases of solar diffusion. Policy makers could then
collaborate with architects and designers on equipping high-profile public buildings
with (BI)PV systems. This would set a normative social norm and send a signal to
private building owners on the visual appearance, existence and feasibility of building-

scale solar solutions.

2. Keeping perceived policy uncertainty low maximises the effectiveness of
promotion policies for residential solar and minimises their overall cost. Study 2
(Chapter 3) finds that perceived investment risk, especially when driven by policy
uncertainty on incentive schemes, can significantly deter Swiss homeowners from
adopting a solar system. Governments that incentivize private investments in solar are

likely to incur a cost represented by the risk premium asked by households to



173

compensate for their rational expectations of potential policy changes. In order to lower
this cost and correct for the potential detrimental impact of perceived policy risk on
residential solar adoption decisions, policy makers should aim at keeping perceived
policy risk low for residential solar investors. This could be done, for instance, by paying
financial incentives upfront or informing prospective solar investors about an explicit
ban for retrospective policy changes. Study 2 also shows that volatile revenues from the
sale of electricity to the grid are less of a concern for Swiss homeowners investing in
solar. Consequently, fully hedging residential solar producers against market risk is less
important than ensuring predictable promotion policies. However, setting a positive
price floor for power purchase agreements that involve residential solar producers can

contribute to ensure sustained interest in residential solar adoption.

3. Increasing and disclosing the share of household electricity needs that could be
met by a solar system could increase homeowners’ willingness to adopt and pay for
residential solar. Study 3 (Chapter 4) shows that Swiss potential solar adopters
significantly value more systems that allow for a higher degree of energy autonomy.
Hence, if solar marketers and policy makers work towards increasing the technically
feasible energy autonomy degree allowed by a solar system, an investment in residential
solar would become even more attractive to homeowners. This could accelerate
decarbonisation and be done through bundling solar PV modules with battery storage
and/or with an electric vehicle, as well as through extending the definition of self-
consumption beyond confined boundaries to include different assets owned by the same
consumer at different locations. Study 3 also shows that the willingness to pay for solar
autonomy substantially exceeds the monetary benefits that potential solar adopters could
expect in terms of future cost savings. This price premium is not fully explained by
environmental concerns. Swiss potential solar adopters are willing to increase their
energy autonomy even when grid electricity has a lower cost and is equally
environmentally friendly. Therefore, advice to potential solar customers or online quote
platforms for prospective solar adopters should not just focus on a detailed financial
valuation of expected cost savings or return on investment, but should also provide a

synthetic metric of the energy autonomy that could be obtained with the solar system.



174

In fact, only displaying monetary information in this context might reduce the salience

of other aspects that create substantial customer value for potential solar adopters.

Finally, this work suggests several avenues for future research. The three studies focus
on a single country, Switzerland. However, institutional and cultural differences are
likely to matter for solar adoption decisions. Extending our approach to other contexts
could shed light on insightful cross national differences and would help assert to what
extent the results are generalizable beyond the Swiss context. Moreover, the three
studies focus on one particular promising category of residential solar investors, namely
single- and multi-family house owners. Further research could explore whether the
determinants of solar adoption decisions investigated in this work and related policy
implications could also apply to apartment owners and tenants. This would be relevant
especially in light of the fact that recently introduced regulations such as those allowing

collective self-consumption schemes®? and micro-grids have opened up ways for them

to invest in residential solar systems installed on their premises.

52 In Switzerland collective self-consumption of solar energy (Eigenverbrauchgemeinschaften, EVG, now
redenominated Zusammenschluss zum Eigenverbrauch, ZEV) has been allowed since 2017 (Art. 17-18 EnG),
while the European Union introduced a regulatory framework for “jointly acting renewables self-consumers”
in 2018 with the new EU Renewable Energy Directive (Art. 21). In such frameworks a community of
prosumers share the locally generated electricity within a multi-family house covering several households.
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