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Abstract

The main goal is to analyse the individual preferences of Greek consumers for alternative-
fueled passenger vehicle technologies, including battery electric and plug-in hybrid electric
vehicles. Considering the low electric vehicle uptake and the large solar energy potential in
Greece, | investigate the impact of public support of a combination of photovoltaics and battery
electric vehicles when these two technologies are supported jointly on consumers' decisions. I
use discrete choice experiments to estimate the preferences and willingness to pay of a
representative sample of potential car buyers in Greece for monetary, technical and policy
attributes of vehicles. I find a positive attitude of consumers towards battery electric and plug-
in hybrid electric vehicles and that the installation of photovoltaics is instrumental in exploiting
the full benefits of electric vehicles. The results indicate that vehicle price, operating costs,
normal charging time and subsidization for wallbox installation are the key factors affecting
the adoption of electric vehicles. I also explore both unobserved and observed consumer
preference heterogeneity. Policy recommendations include joint support, when possible, of the
adoption of electric vehicles with the installation of photovoltaics and wallbox, the reduction

of the upfront price, and the increase in consumers' knowledge of technologies and related

policies.
JEL Classification C15; D12; D90; Q42; Q55
Keywords Battery Electric Vehicles; Photovoltaics; Consumer
choices; Stated Preference; Discrete Choice Experiments;
Mixed Logit; Willingness to Pay
Title Households’ adoption of energy-efficient technologies in

Greece: Independently or Jointly?



Abstrakt

Hlavnim cilem prace je analyzovat individudlni preference feckych spotiebiteli voblasti
technologii osobnich vozidel s alternativni palivem, véetn¢ bateriovych elektrickych a plug-in
hybridnich elektrickych vozidel. Vzhledem k nizkému rozsifeni elektrickych vozidel a
velkému potencialu solarni energie v Recku zkoumam dopad vefejné podpory kombinace
fotovoltaiky a bateriovych elektrickych vozidel, pokud jsou tyto dvé technologie podporovany
spole¢n¢, na rozhodovani spottebitelti. K odhadu preferenci a ochoty platit reprezentativniho
vzorku potencialnich kupcii automobilti v Recku za penézni, technické a politické atributy
vozidel pouzivam experimenty diskrétni volby. Shledavam, ze spotiebitelé maji pozitivni vztah
k bateriovym elektrickym a plug-in hybridnim elektrickym vozidlim a Ze instalace
fotovoltaiky je néstrojem pro plné vyuziti vyhod elektrickych vozidel. Vysledky ukazuji, ze
cena vozidla, provozni naklady, béznd doba nabijeni a dotace na instalaci wallboxl jsou
klicovymi faktory ovlivitujicimi piijeti elektrickych vozidel. Zkoumam také nepozorovanou i
pozorovanou heterogenitu spotiebitelskych preferenci. Politicka doporuceni zahrnuji
spole¢nou podporu prijeti elektrickych vozidel s instalaci fotovoltaiky a wallbox1, pokud je to

mozné, snizeni pocatecni ceny a zvyseni znalosti spotiebitelii o technologiich a souvisejicich

politikach.
Klasifikace C15; D12; D90; Q42; Q55
Klicova slova Bateriova elektricka vozidla; Fotovoltaika; Spottebitelské
volby; Uvedend preference; Experimenty s diskrétni
volbou; smiSeny Logit; Ochota platit
Nazev prace Ptijimani Energeticky U¢innych Technologii

Domacnostmi v Recku: Nezavisle nebo Spolecné?
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Motivation:

The adoption of energy-efficient and low-carbon technologies has been an instrumental
strategy for governments to reduce greenhouse emissions (Hesselink & Chappin, 2019). As a
part of the European Green Deal, the EU has proposed stringent targets for significant
mitigation of GHG emissions and increased use of renewable sources in its Fit for 55 policy
package (EC, 2019). The package also includes an extension of the EU emission Trading
System to the Buildings and Transport sector, an increase in the share of renewable sources
and clean transport technologies, and enriching the infrastructure for low-carbon vehicles,
which all will affect the relative prices of fossil fuels and the cost of conventional technologies
compared to their low-carbon alternatives.

Each member state needs to reach national targets through the implementation of policies
aiming to reduce its carbon footprint. Policymakers need to understand the existing barriers
identified through literature and provide incentives to all sectors of the economy for the
adoption of energy-efficiency technologies. Examples of barriers can be related to the energy
supply, economic reasons, or social and behavioural differences (Hesselink & Chappin, 2019).
Economic barriers are an important issue for many households in Greece since a majority of
them cannot afford the investment in new technologies, the renovation of the old building they
live in, or the purchase of low-carbon vehicles. Households need to be provided with the right
incentives that will be effective and make carbon transition socially affordable. Also,
consumers’ capabilities and their preferences shall be taken into account.

According to the “world in data”, in 2020, Greece produced almost 60 per cent of its total
energy using fossil fuels, increasing the share of renewable resources to almost 40 per cent.
However, the dependence on imports for fossil fuels and the excessive increase in their prices,
along with the climate change issues, indicate the need for the adoption of energy-efficient and
low-carbon technologies. From the renewable sources, only barely 9 per cent of electricity
production belongs to solar energy, despite the incentives that have been given by the
government since 2010 and the high source of natural sunlight in the country.
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According to the report on the EU progress of Greece on climate action, the transportation
sector is one of the sectors with the lowest emission reductions, since it succeded to reduce its
emissions between 2005 and 2019 by only 21 per cent. Electric cars are considered a necessary
choice for GHG reduction but the demand for electric vehicles in Greece remains considerably
low compared to other countries due to the absence of incentives and the low availability of
charging points (Lioutas, Adamos & Nathanail, 2020). Only recently, the government has
announced measures that promote the swift toward electric vehicles with tax reductions,
circulation laws in Athen’s centre, and subsidies (Geronikolos & Potoglou, 2021). Although
electric vehicles comprise a better choice compared to diesel and petrol vehicles, their
production and their charging still use fossil fuels. For real exploitation of the benefits that
electric vehicles can offer, it is interesting to examine what are the links between the adoption
of different energy-efficient technologies and how the investment in one of them, or the
incentives provided for one of them, can affect the adoption of another and contribute to a total,
significant reduction of energy demand and emissions.

Hypotheses:

1. Hypothesis #1: Households owning PVs and other energy-efficient technologies are more
likely to own or buy an EV.

2. Hypothesis #2: The availability and the cost of charging points for electric cars are significant
for respondents’ choice to purchase an EV.

3. Hypothesis #3: The demand for electric cars can be significantly increased if the households
are provided with energy from solar panel parks or if they can produce their solar energy for
the charging of EVs.

4. Hypothesis #4: Subsidies and support programs related to PVs and solar energy influence
positively and significantly the will of households to purchase an EV.

5. Hypothesis #5: Incentives for the promotion of electric mobility alone are not sufficient to
significantly increase EV purchases.

6. Hypothesis #6: Subsidies and programs focusing on the promotion of PVs, energy-efficiency
technologies and renovations can be combined with electric mobility incentives and
significantly increase EV purchases in the Greek market.

7. Hypothesis #7: Low-income households have significantly lower WTP for an EV compared
to higher-income households even after they are provided with subsidies.

Methodology:
Data

We will use individual, household-level, data collected from our own designed original survey.
The data will be collected through online surveys using (Computer-Assisted-Web-
Interviewing, CAWI) and self-interviewing (Computer-Assisted-Self-Interviewing, CASI).
The cost of the data collection will be covered by one of the research projects coordinated by
my supervisor, Milan S¢asny, as a part of a remuneration for my work as a research assistant
at the Environment Centre of Charles University.
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A sample of about 1000 respondents, residents of Greece, will be interviewed. In addition to
standard socio-economic, demographic, and building data, the surveys will include questions
related to the energy-efficiency technologies households are using or intend to purchase,
including the subsidies households might have received or intend to apply for.

Methodology

We elicit stated preferences for the adoption of the new low-carbon technologies, specifically
for BEV and PV, through discrete choice experiments, following previous work, for instance
S¢asny et al. 2017. Technical, policy (incl. subsidies), and monetary characteristics of several
alternatives of the technology will be described on the choice card to examine the preferences
of respondents between choices related to the purchase of electric vehicles and a set of different
attributes for the vehicles such as the cost, the charging points, the sources of energy, and
programs, subsidies or measures already introduced or discussed by the Greek government.
The design of the discrete choice experiments (DCE) will be prepared in collaboration with my
supervisor, Milan S¢asny, and his colleagues.

We posit choices of individuals are driven by the random utility model (McFadden, 1974),
assuming that an individual’s utility function can describe the preferences of an individual
among the available alternatives, and individuals are able to choose the alternative that
maximizes his/her utility. Estimation of utility parameters, households’ implicit WTP for the
characteristics of energy-efficient technologies, will allow me to derive and examine the trade-
off between the different attributes. The estimated probability will inform about the potential
market share of concerned technologies.

Based on the literature and a presurvey I will conduct in Greece, I will choose the monetary,
technical, infrastructure, and policy-related attributes and their levels for the DCE design. The
combination of these attributes will be a significant step to avoid offering the respondent a
preferred, dominant choice. The design will include, as one of the attributes, subsidies and
programs already offered by the government aiming to increase the energy-efficiency, the use
of RES, or EV purchases, and theoretical subsidies or programs which will be a combination
of implemented or discussed incentives. We will pay special attention to situations when the
two technologies might be purchased independently or jointly, and when fuel-mix and hence
emission-intensity of generating electricity will be changing over time.

The data from the surveys will be econometrically analysed, estimating Conditional Logit,
including the test of hypotheses mentioned above. To examine the differences in consumers’
choices, random parameters (mixed logit) models will be estimated, which assumes that
individual consumers’ preferences follow some a priori specified parametric distribution
(Revelt and Train, 1998), allowing for unobserved preference heterogeneity in the model
structure.

Expected Contribution:
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Although the literature has extensively dealt with the barriers to the adoption of energy-
efficient technologies and the different characteristics of electric car buyers, little or no
literature has focused on the greek economy.

Also, I will focus on solar energy as a renewable, highly available in the country, source of
energy, and one of the energy-efficient technologies possible to adopt. I will attempt to find the
links between the subsidies provided for PVs and the demand for electric cars.

I intend to examine what is the best combination of incentives for greek households which can
positively affect their WTP for an EV.

An understanding of the links between the different energy-efficiency technologies will assist
policymakers to introduce more efficient incentives, motivating lower-income households,
increasing EV purchases in the country, and reducing the money spent by the government for
the different targeting subsidies.

Outline:

Introduction: I will focus on the importance of the reduction of GHG emissions and the use of
renewable-based and energy-efficient technologies. I will mention the present energy sector
situation and possibilities in Greece.

Literature review: I will review relevant to my topic research and its results. I will identify
potential research gap.

Data: I will describe in detail the process followed to collect the data, and how the experiment
was built.

Methodology: Theoretical model (RUM) will be described, followed by a description of the
econometric approaches used to estimate the data and test the hypotheses.

Results: 1 will discuss the results, their explanation, and their importance.

Conclusion: I will summarize my research and explain how the results could be used in policy-
making in Greece and other similar climate countries.
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Introduction 1

1 Introduction

Measures to mitigate GHG emissions are taken globally and regionally to tackle the increasing
threats to human health and well-being caused by climate change and air pollution (EEA, 2024;
IPCC, 2023). To accomplish that, the increasing adoption of energy-efficient and low-carbon
technologies, such as EVs, PVs, BESs, and micro-CHP units, is an instrumental strategy for
governments (Hesselink & Chappin, 2019). Specifically, the mass adoption of EVs is of great
importance in destabilising "automobility regimes based on fossil fuels" (Skjelsvold &
Ryghaug, 2020, p.1). EV diffusion is supported by the hypothesis that EVs are an eco-friendlier
technology than CVs, and consequently, increasing the EV fleet would be a step towards a
more sustainable society. However, it is suggested that EV diffusion needs to be combined with
charging from decarbonised electricity by RES (Friis, 2020; EEA, 2016). For instance, solar
PV systems allow households to produce their electricity, and they can be seen as a motive to

adopt other energy-efficient technologies such as EVs (Hesselink & Chappin, 2019).

The EU, as a part of the European Green Deal, has proposed stringent targets for significant
mitigation of GHG emissions and increased use of RES in its Fit for 55 policy package (EC,
2019). The package also includes an extension of the Trading System for building and road
transport fuels, an increase in the share of RES and clean transport technologies, and
enrichment of the infrastructure for low-carbon vehicles. The EU aims to reduce GHG
emissions from new cars, compared to 2021 levels, by at least 55% from 2030 to 2034 and by
100% for new cars and vans from 2035 by reducing the use of conventionally fueled vehicles

in urban transport (EC, 2023).

Following the EU directive for sustainability and a climate-neutral economy, each European
member state needs to reduce its carbon footprint by reaching national targets (EC, 2019). The
revised National Energy and Climate Plan (NECP) for Greece, introduced in 2023, sets new
ambitious targets regarding electromobility, aiming for the increased deployment of EVs,
adequate charging infrastructure development and the increased share of RES in electricity
used for EV charging. The main target for Greece is for 30% of newly registered vehicles to

be BEVs by 2030 (NECP, 2023). The government introduced in 2020 policies and incentives,
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such as tax reductions, purchase subsidies, circulation law in Athen’s centre, and free parking

(Geronikolos & Potoglou, 2021).

Despite the government’s support for the technology in the last few years, the adoption of EVs
remains significantly low globally (Rotaris et al., 2021). The current EV adoption in Greece is
considerably lower than that of other European countries, mainly due to the absence of
incentives till 2020 and the low availability of charging points (Lioutas et al., 2020).
Specifically, Greece is still in the initial phase of EV uptake, with only 0.20% and 0.31% of
the total fleet of passenger cars being BEVs and PHEVs, respectively (EAFO, 2024).

In addition, Greece is implementing reforms in the energy sector and has set targets to reduce
GHG emissions by more than 56% by 2030 compared to 2005 (Dianeosis, 2021). The strong
deployment of solar and wind in energy and electricity production is crucial for the shift to
RES. Therefore, the promotion of RES is supported by auctions and the simplification of
licensing procedures for renewable energy projects that facilitate the deployment of solar PV
and onshore wind, as well as subsidies for households to install PV systems at their houses

(Dianeosis, 2021).

I focus on solar energy and household PVs for four reasons. First, solar energy has a high
potential due to the country's abundant natural sunlight. Second, studies have shown that solar
energy is preferable among RES (Stauch, 2021). Third, the government has been offering
incentives and subsidies for installing small PV systems on the roofs of households since 2010
(Dianeosis, 2021), with installed PV capacities exceeding, for the first time in 2021, those of
other energy sources, such as wind (IEA, 2021). Fourth, although wind turbines can generate
much more energy than solar PVs, their installation requires much space in rural and forest
areas, far from the urban areas that need more energy, and can potentially hurt wildlife
(Elemental Green, 2021). In contrast, solar PVs do not need much space and can be installed

in any building.

To achieve the ambitious targets the Greek government has set, the factors that influence the
adoption of EVs by Greek households are important to be investigated. In addition, for the real
exploitation of the benefits that EVs can offer, it is interesting to examine what are the links
between the adoption of different energy-efficient technologies, such as EVs and PVs, and
whether the incentives provided for one of them can affect the adoption of the other. By

understanding what motivates or prevents households from adopting EVs and consumers’
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unique capabilities and preferences, policymakers can provide effective incentives to

households to make the carbon transition faster and socially affordable.

The literature indicates a wide range of EV-related attributes that affect consumers' decisions,
such as purchase price, operation costs, charging infrastructure and time, and driving range (Li
et al., 2020). I test the hypothesis that the availability of PVs in households can increase the
demand for EVs by giving the opportunity to households to install a wallbox (home charger)
and charge their vehicles at the convenience of their house with electricity produced by their
installed PV systems. To do so, I use DCE:s to elicit consumers' preferences for all the main
available types of vehicles in the market (CVs, HEVs, PHEVs and BEVs), providing a
combination of BEV and PV installation as an alternative to all other types of vehicles.
Although the literature has extensively dealt with the factors influencing the adoption of EVs
and, to a smaller extent, of PVs, little or no literature has focused on the Greek economy. To
my knowledge, this is the first study that aims to elicit the preferences of Greek households

using DCEs for all types of vehicle technologies in combination with PVs

For this study, an original survey and two DCEs were created. A sample of more than 1,000
potential car buyers residing in Greece were interviewed. Monetary, technical and policy
characteristics related to both vehicles and PVs were provided to respondents who were asked
to examine and compare a set of alternatives in hypothetical scenarios and choose their
preferred alternative. I posit that the choices of individuals are driven by the random utility
model (McFadden, 1974), assuming that an individual's utility function can describe the
preferences of an individual among the available alternatives, and individuals are able to choose
the alternative that maximises their utility. The estimated probability provides information on
the potential market share of the studied technologies. The data are econometrically analysed
using CL (conditional logit) and MXL (mixed logit) models. The latter assumes that individual
consumer preferences follow some a priori specified parametric distribution, allowing for

unobserved preference heterogeneity in the model structure (Revelt & Train, 1998).

Results show a positive attitude of Greek consumers towards EV technologies, although CVs
remain the prevalent car technology. Expanding options for consumers by allowing them to
install PVs along with their BEV purchase can potentially shift their preferences towards
BEVs. Although both BEVs and PHEVss are attractive options for Greek consumers, financial

barriers prevent the adoption of the technology. Car purchase price and operating costs are



Introduction 4

important factors for Greek consumers when considering their next car purchase. In addition,
a subsidy for installing a wallbox to charge their EVs at home is very significant for Greek
consumers, increasing their WTP. Normal charging time is also an important barrier to
increasing EV adoption. Surprisingly, PV price and capacity do not significantly impact
consumers' decisions, while a higher driving range of BEVs seems to affect their WTP
negatively. However, it is worth noting that the results indicate high preference heterogeneity.
Finally, I observe the need for more knowledge and information about EV and PV technologies

and related incentives.

The remainder of the text is organised as follows. Background Section explains the need for
reforms in the transportation and energy sector, provides information regarding electromobility
and the current market situation, and describes the incentives introduced in Greece for EV and
PV deployment. Literature Review provides a detailed overview of the most recent studies
regarding those attributes affecting EV adoption. Methodology presents the DCEs design and
the model specification. Data describes the data collection process, the survey structure, and
the profile of potential car buyers in Greece. Results present the findings of the analysis.
Discussion explores the implications of the findings while suggesting ideas for future research.

Finally, Conclusion summarises the entire content of this thesis.
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2 Background Section

2.1. The Need to Shift Towards a Climate-Neutral Economy

Energy combustion, industrial processes, and transportation are the sectors producing the most
GHG emissions globally (IEA, 2023). Global energy-related CO2 emissions reached a new
high of over 36.8 Gt in 2022 due to the gas-to-coal switch for electricity and heat generation,
the energy price shocks, rising inflation, and disruptions to traditional fuel trade flows, but the
increased deployment of clean energy technologies such as RES, EVs, and heat pumps
prevented an additional 550 Mt increase in CO2 emissions. Specifically, the contribution of
solar PV and wind was significant since their use in the generation mix of electricity increased
by 15% (from 2021 to 2022) and overtook the use of gas and nuclear power, preventing the
release of almost 75 Mt CO2 of emissions in the atmosphere (IEA, 2023).

Greece remains among the OECD’s ten most carbon-intensive economies due to the prevalence
of lignite for power generation and reliance on diesel on the non-interconnected islands, despite
the country's significant GHG emissions reductions in the last decades (OECD, 2021).
However, according to the "World in Data", Greece has already succeeded in producing almost
40% of its total energy using RES (Ritchie & Roser, 2022). In 2022, for the first time, RES
was the main source of the country's electricity generation mix. Specifically, 37.36% of
electricity was produced by gas, 20.76% by wind, 12.42% by solar, 10,47% by coal, 9.04% by
hydro, 9.00% by other fossil fuels and 0.96% by bioenergy (Ritchie & Roser, 2022).

In Greece, increasing the share of solar energy in electricity production is considered crucial
for the successful shift to RES (Dianeosis, 2021). Due to PVs’ environmental advantages, as
well as the increasing support for PV technology by governments, the growing efficiency of
the technology and the continuous decreases in the cost of PV panels, PVs have had a fast and
stable growth in Europe since 2007 (Gu & Feng, 2020). Therefore, solar energy has become

the main RES, with the largest number of installations both in Europe and in Greece (Gu &
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Feng, 2020; IEA, 2021). Specifically, in Greece, in 2022, 207.4 MW of new RES capacities
were installed, of which 153.2 MW were solar power plants (Todorovi¢, 2023).

The transportation sector accounts for more than 37% of global CO2 emissions (7.98 Gt) due
to the sector's high reliance on fossil fuels, which is higher than any other end-use sector (IEA,
2023). Road transport, namely, road vehicles, including cars, trucks, buses, and two- or three-
wheelers, is responsible for most of the sector's CO2 emissions, pollutants, such as NOx and
particulate matter, and noise pollution (EEA, 2024). In Europe, road transport emissions
account for 25% (in 2023) of total GHG emissions, while private cars only account for almost
44% of the EU’s transport-related GHG emissions (EEA, 2024). Moreover, air pollution
produced by road transport is of particular concern in urban areas, considering that cities are
already globally responsible for 60% of GHG emissions production, and the anticipated

urbanisation is expected to exaggerate the problem (Anastasiadou & Gavanas, 2022).

It is worth noting that the transportation sector in Greece is one of the most pollutant sectors of
the country’s economy due to its high dependence on oil (Dianeosis, 2021). The transportation
sector has the largest share of the final energy consumption in Greece, with 39% of final
consumption, consuming 5.9 million toe (tons of oil equivalent) in 2018. In the same year, 97%
of the energy consumption in the transport sector was produced by petrol, oil and diesel, while
electricity was responsible only for 0.29% of it. The average age of vehicles in Greece is also
high, 17 years, contributing to the GHG emissions since vehicles use engines of older
technology, which consume more energy and produce more emissions (Dianeosis, 2021). In
addition, transportation is the sector with the lowest emission reductions in the country, with a
total reduction of only 21% in its emissions between 2005 and 2019 (Dianeosis, 2021). All of
the above indicate the immediate need for resolutions in the sector and a shift towards
alternative energy sources and transport modes, but at the same time, highlight the

opportunities that still exist for a high decrease in the country's total GHG emissions.

2.2. Electromobility

One central policy to mitigate emissions from road transport is the promotion of electromobility
(e-mobility) (EC, 2019). Electromobility refers to a clean, quiet, and energy-efficient mode of

transportation using electric vehicles (EVs) powered by batteries or hydrogen fuel cells
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(Murphy, 2023). An EV is powered by a battery pack and uses one or more electric motors that
can either assist a conventional internal combustion engine (ICE) or power the car completely,

depending on the type of EV

This study focuses only on the three most popular (to this date) EV technologies: BEV, PHEV,
and HEV. Below, these three different types of EVs and the currently massively used CVs are
described as reported by Report No 20/2016 (EEA, 2016).

e Conventional vehicle (CV): uses fossil fuels (e.g., petrol or diesel) to power an internal
combustion engine. The main advantages of CVs due to the years of technology’s
development are the variety of vehicles available in the market and the high availability
of repair and refuelling stations. Nevertheless, CVs depend on fossil fuels, produce air
and noise pollution, and have low energy efficiency, with only 18% - 25% of the energy
from the fuel used to move the car on the road.

e Battery electric vehicle (BEV): is powered solely by an electric motor, using electricity
stored in an onboard battery. The battery is charged by plugging the car into a charging
point connected to the local electricity grid. BEVs have high efficiency since they can
convert about 80% of the energy into motion, can be recharged at home or work, have
low engine noise, and produce zero CO2 emissions. On the other hand, some of the
main disadvantages of the technology currently are the low recharging station
availability, the long recharging time, and the low driving range (compared to CVs).

e Plug-in hybrid electric vehicle (PHEV): is powered by an electric motor and an internal
combustion engine. The onboard battery can be charged from the grid, and the
combustion engine supports the electric motor when needed. Like BEVs, PHEVs have
high energy efficiency and can be recharged at home or work. In addition, since they
also use an internal combustion engine, they have the advantage of a sizeable refuelling
station availability. The CO2 emissions produced by this technology depend on the
mode the vehicle is used. Finally, the main disadvantage of PHEVs is the complexity
of the technology.

e Hybrid electric vehicle (HEV): combines an internal combustion engine and an electric
motor that assists the conventional engine during, for example, vehicle acceleration.
The battery gets charged during regenerative braking and cannot be charged from the
grid. The main advantages of HEVs are the high energy efficiency and availability of

refuelling stations. On the other hand, this technology shares the same disadvantages as
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CVs, producing high CO2 emissions and noise pollution due to its dependence on fossil

fuels.

For simplicity purposes, I follow the suggested terminology as described above, where the term
EVs includes all three relative technologies; that is, HEVs, PHEVs and BEVs. However, note
that some of the incentives and infrastructure refer only to BEVs and PHEVs. For example,
only the latter two technologies can be charged by the grid and hence can exploit the advantages

of micro renewable energy sources in the generation mix of electricity.

Several papers show that EVs could decrease GHG emissions and reduce air and noise
pollution (De Rubens et al., 2018; Gnann et al., 2018; Knobloch et al., 2020). In addition,
energy savings are projected due to the high energy efficiency of EVs (Figenbaum &
Kolbenstvedt, 2013a, as cited in Lindberg & Fridstrom, 2015). Specifically, the reduction in
energy use by a BEV compared to a CV is estimated to exceed 75%. Nevertheless, the final
impact of EVs is highly dependent on the electricity generation mix and the manufacturing and
battery recycling processes (Koroma et al., 2020; Capata & Calabria, 2022). Indeed, although
BEVs do not directly produce GHG emissions, and PHEVs can use primarily electricity and
emit less emissions when they are on the road compared to CVs, their overall environmental
footprint depends on the sources used for producing the electricity used in charging. Therefore,
the most significant environmental benefits occur when BEVs and PHEVs are powered by

electricity from RES.

Regardless of the environmental benefits related to EV technology and the global efforts to
increase its deployment, the adoption of EVs remains significantly low globally, with only a
few exceptions (Rotaris et al., 2021). According to the latest ACEA report (2023), in 2021, in
the EU, 51.1% of the vehicles used were petrol cars, and 41.9% were diesel cars. Hybrid cars
accounted for 2.3% of the vehicles in use, while BEVs and PHEVs accounted for only 0.8%
and 0.7%, respectively. The leading countries in EV adoption are Norway (27.4%) and Iceland
(15.2%), while several countries such as Bulgaria, Lithuania, Czech Republic, Poland, Estonia,
Slovakia, and Greece are still in the initial phase of EV uptake. As a result of incentives
introduced in most of the European countries after 2020, the adoption of EVs is increasing.
During the third quarter of 2022, BEVs recorded the greatest growth of all fuel types, increasing
their share by 22%, with 259,449 units registered across the EU (ACEA, 2023). In addition,
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HEVs increased by 6.9%, with 492,011 units sold. On the other hand, registrations of PHEV's
fell by 6% in the third quarter of the year.

The total number of alternative fuel vehicles is 3.93% (about 259,591 vehicles) of the total fleet
in Greece, which is 6,600,530 passenger cars (EAFO, 2024). The majority of alternative fuel
vehicles are LPG vehicles. From 2022 to 2023, the number of registrations of BEVs and
PHEVs almost doubled. However, by the end of 2023, there were only 13,315 BEVs and
20,643 PHEVs, representing 0.20% and 0.31% of the total number of passenger cars,
respectively (EAFO, 2024). In the first quarter of 2024, newly registered BEVs and PHEVs
(passenger cars) as a percentage of the total number of registrations was 3.51% and 6.25%,
respectively. The main target of Greece regarding electromobility is for 30% of new total

vehicle registrations in 2030 to be BEVs (NECP, 2023).

2.3. Incentives Supporting EV and PV Technologies in
Greece

In Greece, the decarbonisation of the transportation sector has been promoted by policies and
incentives since 2020 (Geronikolos & Potoglou, 2021). Based on the related literature review
and the context of this study, the following policies and incentives targeting EV adoption were
chosen for the DCEs of this study: registration fees, subsidy for the purchase of a BEV, free
parking, and subsidy for the installation of a wallbox (home charger). Below, I provide more

information regarding these incentives.

First, the government provides tax incentives to EV users, such as discounts or exemptions
from traffic fees, registration fees, the presumption and luxury living tax, and road tax
(Geronikolos & Potoglou, 2021). Specifically, BEVs are excluded by the registration fees
applied to the car's initial price during the purchase (Car and Driver, 2021). In addition, fees
for petrol- or diesel-based cars depend on the emissions the car produces, aiming to lower the
demand for them. Finally, although HEVs are also charged based on the emissions produced,
the registration fees are 50% lower than those for CVs. All of the above aim to enhance EV

deployment.
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Second, the government has introduced a subsidisation program that covers 30% of the retail
price before taxes for purchasing or leasing a BEV.! The maximum subsidy amount someone
could receive is €8,000. The applicants can receive an additional €1,000 for scrapping their old
vehicle. Moreover, disabled people or young people up to 29 years old can receive an additional
bonus of €1,000 to purchase a BEV. Similarly, families with at least three children can get an
extra €1,000 bonus (€1,000 for three children and an additional €1,000 for every other child,
up to €4,000).

In addition, applicants of the subsidy “I move electrically” can receive €500 for purchasing a
wallbox (home charger) if they own a parking spot. The latter supports the charging of EV's at
home. Currently, about 80% of the charging happens at home or work (EEA, 2016; S&asny et
al., 2018). Charging at home can be convenient for EV owners since they can charge at night
when not using their vehicles. It is also economically beneficial if combined with RES

electricity or a cheaper night electricity bill (Mpoi et al., 2023).

Although a home charger can benefit EV owners, charging infrastructure development is
significant for the higher EV uptake because not all households can install a charger due to
financial or technical reasons (e.g., they do not own a parking lot) (Mpoi et al., 2023).
Specifically, the lack of private parking lots in Greece, especially in Athens, where about 80%
of the total population of the country is located, is significant. As a result, most Greek residents
need to park on the streets or seek public parking spaces. The NECP agenda includes a plan for
the installation of more public charging points across the country. Specifically, the target is for
25,000 charging points to be installed by 2030. Currently (Q1, 2024), the total number of
recharging points in Greece, based on the AFIR (Alternative Fuels Infrastructure Regulation)

classification, is 3,110 AC and 314 DC charging points (EAFO, 2023).2

An additional motive for promoting electromobility is the exemption of BEV and PHEV
owners from paying parking fees for two years. The owners of BEVs and PHEVs (models
emitting CO2 up to 50 g/km) can park for free in the controlled urban parking zones (Car &

Motor Team, 2022). The process requires the drivers of these vehicles to print a special badge

! Information regarding the subsidization program for BEVs in Greece is available in the related section of the
Greek government’s website: https://kinoumeilektrika2.gov.gr.

2 AC and DC refer to the two kinds of "fuels" used in EVs. The power coming from the grid is AC, but EVs can
store DC power. So, as happens with any other device, every time an EV has been charged, the plug converts AC
power to DC. The converter, the so-called onboard charger, is built inside the car. However, a DC charger can
give the car power directly without needing the onboard converter, resulting in faster charging (Wallbox, n.d.).
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they will find electronically and then place it through their car's windscreen every time they
park in a controlled zone. This way, the municipal police officers carrying out checks will
recognize the car as a model exempted from any charges. Note that currently, the average cost
of charging an EV in Greece is about €0.171/kWh.?> However, in some cases, municipalities
nationwide might provide free public charging to promote electromobility (Energy Press, 2023;

Iefimerida, 2021).

Finally, in this thesis, in addition to EV-related incentives, I present an essential for the PV
deployment incentive. Since 2011, Greece has successfully provided incentives for households
to promote the installation of PVs on the rooftops of houses, and thus, the share of solar energy
has increased (Dianeosis, 2021). Specifically, PVs on the roofs accounted for 298 MW in 2012
and rose to 351 MW in 2019. The program "PVs on the roof" is a subsidy given by the Greek
government in order to cover part of the expenses related to PV installations, such as the
purchase of PVs, inverters or cables, installation of a BES, and any fees for the study of the
building and the installation (Demertzis, 2022). The latest round of the subsidy started in April
0f 2023 and will last until the amount dedicated to this program is spent (deadline at the end of
June 2024) 4

Beneficiaries of the subsidy are households and farmers who want to install a small PV system
(Odigostoupoliti, 2023). In the latest round of the subsidy, PV installation is combined with a
BES. The subsidy almost entirely covers the cost of the purchase and installation of the BES,
which is considered obligatory for households but not for farmers. Figure 2.1 shows the
percentage of the total cost covered for PVs and BES and the maximum amount that can be
given to each applicant. A special bonus of 10% is provided for people with disabilities or the
spouses and dependent members of people with disabilities, as well as single-parent, three-
child, and large-child families. Despite the program's name, 'PVs on the roof", applicants can
install PVs on the roof, terrace, or any other auxiliary areas of the building or their agricultural
area. Residents and tenants in apartment buildings can install PVs if they have the written

consent of all the owners of the apartments in the building.

3 Information about global cost of EV charging can be found in: https://www.comparethemarket.com/car-
insurance/content/cost-of-charging-an-electric-car-globally/. Last retrieval date: April 2024.

4 Information regarding the subsidization program for PVs on the roofs of households in Greece is available in
the related section of the Greek government’s website https://www.gov.gr/ipiresies/polites-kai-
kathemerinoteta/periballon-kai-poioteta-zoes/photoboltaika-ste-stege.
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In this study, I focus on the PV systems households install on their roofs or other auxiliary
areas to produce their own energy. The energy produced can be used directly to support the
household's energy needs or converted into electricity (Gu & Feng, 2020). Households can use
electricity produced by PV systems for their basic energy needs, sell it, or return it back to the
grid (Net-metering) and charge their EVs (EVbox, 2023; Gu & Feng, 2020). That way,
households can reduce both their electricity bills and the operating costs of recharging their
vehicles in the future. At the same time, they produce fewer emissions and relieve the pressure

on the electric grid (Gu & Feng, 2020).

PV Battery Storage System
Percentage of expenses Maximum amount of Percentage of expenses Maximum amount of
that subsidy covers subsidy that subsidy covers subsidy

Category Household Type

Capacity<= 5kWp<Capaci Capacity<= 5kWp<Capaci Capacity<= 5kWp<Capaci

Capacity<= 5kWp<Capaci
SkWp ty<=10.8kWp Skwp ty<=10.8kWp SkWp ty<=10.8kWp

SkWp  ty<=10.8kWp
Low income
households
) €1,200/kW
A (personal income 65% 60% €830/kWp 100% 100% €890/kWp  €820/kWp
<= €7,000 or family P
income <=€21,000)
personal
income<=€20,000
or family income
<=€40,000
personal
¢ [ncome>€20,0000r ., 20% €560/kWp  €280/kWp 90% 90% €800/kWp  €750/kWp
family income
>€40,000
D Farmers 40% 20% €450/kWp  €450/kWp 20% 90% €600/kWp  €600/kWp

35% 25% €650/kWp  €350/kWp 100% 100% €890/kWp  €820/kWp

Figure 2.1. It illustrates the percentage of the total cost covered for PVs and BES and the maximum
amount that the subsidy “PVs on the roof” can give to each applicant. Source: (Odigostoupoliti, 2023).
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3 Literature Review

3.1. Introduction

The factors that influence the demand for energy-efficient technologies, and especially the
demand for EVs, have been extensively studied, indicating a wide range of important EV-
related attributes, but with no general agreement on which ones are the most influential for
consumers (Anastasiadou & Gavanas, 2022). The results vary mainly due to consumer
preference heterogeneity (Anastasiadou & Gavanas, 2022; Vilchez et al., 2019). However,
most studies agree that some of the most important factors affecting consumers' preferences
for EVs are price, operation costs, charging infrastructure and time, and driving range (Li et
al., 2020). Below, I present the main results regarding EV adoption from the most recent
available literature. In addition, I explain how literature supports the idea of the combination
of EVs and PVs. The review is mostly based on papers using DCE as an estimation method.
The key determinants are separated into categories as follows: product attributes, charging

infrastructure, policies, micro renewable energy sources, and consumers characteristics.

3.2. Key Determinants

3.2.1. Product Attributes

To begin with, operating costs and purchase price are two of the most influential product
attributes for consumers when deciding on their next vehicle purchase. Whether the purchase
price, the operating costs, or another attribute is the primary concern of consumers when
making decisions varies among studies, mainly based on the country or area under study and
the sensitivity of different groups of consumers assigned to specific attributes. For instance,

Rotaris et al. (2021) find that the price is more important than other attributes for Italian
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consumers, while the driving range and operating costs are more important than other attributes
for Slovenian consumers. In addition, Chinese consumers value lower annual operating costs
more than the purchase price, a result that could be explained by the long-term-oriented

Chinese culture (Qian et al., 2019).

Nevertheless, the high upfront cost of EVs hinders consumers’ adoption of the technology. In
all the DCEs reviewed, the coefficient of price is statistically and practically significant and
with a negative sign, indicating that the higher the price, the lower the likelihood the consumer
will choose to buy any EV (Bansal et al., 2021; Danielis, 2020; Huang et al., 2022; Qian et al.,
2019; Wang et al., 2017). Additionally, Vilchez et al. (2019) explore the factors that influence
the decision-making of consumers regarding EV and fuel cell car technologies in Europe using
a sample of 1,248 car owners from France, Germany, Italy, Poland, Spain, and the United
Kingdom and find the purchase price to be the most important attribute for all the countries.
Note that the estimated coefficients of price are found to vary by car size, showing that those

who want to buy a large car have a higher sensitivity to price (Vilchez et al., 2019).

Operating costs refer to what consumers pay on average in a specific period or for a specific
number of kilometres for refuelling or recharging their vehicles. The results indicate that the
higher the operating costs, the lower the likelihood of choosing an EV (Choi et al., 2018; Gong
et al., 2020; Jia & Chen, 2021; Li et al., 2020; Li et al., 2022; Oryani et al., 2022; Qian et al.,
2019). Below, results from the literature regarding the estimated WTP from an additional

reduction of operating costs are presented.

Danielis (2020) finds that Italians are willing to pay an additional €300.40, while Oryani et al.
(2022) find that Iranians are willing to pay an additional $1,103.78 (= €1,028.12) to reduce
costs by about €1 per 100 km. Qian et al. (2019) measure consumers’ WTP for an annual
decrease of ¥1 (= €0.13) in operating costs to be equal to ¥10 (= €1.28). Bansal et al. (2021)
calculate that Indian consumers are willing to pay 9.3 thousand INR (= €104.17) to see a
reduction of X100 (= €1.12) per week in operating costs. Choi et al. (2018) find WTP for
operating costs to be equal to ¥¥111.691 (= €79.48) for every ¥1 (= €0.00071) less per km.
Finally, Greene et al. (2018), reviewing 20 papers using Stated Preferences Surveys, estimate
the MWTP for reduced operating costs by $0.01 per mile (= €0.0092/1.609km) to be equal to
$1,225 (= €1,122.16) and $2,866 (= €2,625,40) using fixed and random coefficients,

respectively, in the estimation method.
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Moreover, the driving range is also a very impactful product attribute for consumers when
making decisions regarding EVs due to range anxiety related to the technology (Aravena &
Denny, 2021; Danielis, 2020; Liao et al., 2019; Qian et al., 2019; Rotaris et al., 2021; géasny
et al., 2018; Wang et al., 2017). Qian et al. (2019) and Jia and Chen (2021) find the driving
range to be significant only for BEVs and not for PHEVs, showing that maybe range anxiety
is closely related to vehicles running only on electricity since consumers are worried about how
many kilometres they can drive before they need to recharge their vehicles, considering the
low availability of charging points. On the other hand, some studies find the driving range to
be only slightly significant or non-significant for consumers (Abotalebi et al., 2019; Li et al.,
2022). In addition, findings show that consumers who prefer a large car, those familiar with
BEV policies, and consumers with higher income, knowledge and confidence in EVs’ safety,
reliability, and technology maturity care less about the driving range of EVs (Wang et al.,
2017).

The WTP for higher driving ranges varies in the literature. Aravena and Denny (2021) find
WTP for 1 km of additional range to be equal to €11.04 and €21.30 before and after learning
and short-term experience with BEV, respectively. Jia and Chen (2021) argue that EV owners
have about 7.4 times greater MWTP ($113 per mile increase) for range than non-EV owners,
indicating that those with better knowledge of EV's care more about the driving range. Qian et
al. (2019) and Huang et al. (2022) estimate WTP for BEVs to be ¥587 (€74.84) for 1 additional
km of range and ¥571.43 (€72.86) for the next level of improvement in range, respectively.
S¢asny et al. (2018) estimate WTP for additional driving range to be equal to €506 for PHEVs
and €1,067 for BEVs. Finally, Danielis (2020) estimates WTP for 1 extra km of range for
Italians to be €28.7.

Furthermore, some studies identify a decreasing marginal range value at higher values of
driving range. That means the utility consumers get from the additional range decreases while
the base range increases (Noel et al., 2019; Bansal et al., 2021). For example, consumers in
Norway and Iceland are willing to pay €302 to increase the range from 150 km to 151 km,
while they are willing to pay only €113 to increase the range from 400 km to 401 km (Noel et
al., 2019). Similarly, Bansal et al. (2021) estimate that Indian consumers are willing to pay
%298,000 (= €3,302) to increase the range from 200 km to 300 km, while they are willing to
pay less X119,000 (= €1,318) to increase the range from 500 km to 600 km.
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Finally, a wide range of other car characteristics has been examined and received mixed results,
such as the cars’ size, speed, performance and acceleration, and battery warranty (Abotalebi et
al., 2019; Aravena & Denny, 2021; Li et al., 2020; Li et al., 2022; Noel et al., 2019; Rotaris et
al., 2021). Vilchez et al. (2019) identify vehicle attributes such as depreciation, insurance cost
and the car's brand, comfort, and safety as important for European consumers. In addition,
Singh et al. (2020), reviewing previous literature, find that technological factors such as top
speed and power generation affect EV adoption. They also argue that consumers are more
concerned about vehicle safety, comfort, and maintenance costs than choosing a vehicle with

an automatic transmission or a popular brand name.

3.2.2. Charging Infrastructure

First, regarding the speed of charging, studies that do not distinguish between fast and slow
charging find this attribute to be essential for consumers. The coefficient of charging time in
these cases is significant and negative, meaning that the less time it takes for cars to be charged,
the higher the likelihood for people to choose an EV (Huang et al., 2022; Aravena & Denny,
2021; Tchetchik et al., 2020; Noel et al., 2019; Li et al., 2019). WTP for a 1-hour reduction in
charging time is calculated to be equal to ¥571.43 (= €74.23) (Huang et al., 2022) and between
€324.83 and €344.29 (Aravena & Denny, 2021) for consumers in China and Ireland,
respectively. On the other hand, Noel et al. (2019) find that consumers in the Northern countries
have much higher WTP for 1-hour reduction in charging time. That equals €7,643 for Norway,
Iceland, and Denmark and €4,373 for Sweden.

Although results vary in literature when the researcher distinguishes between the two types of
charging speed, most studies agree that only fast charging time is significant for consumers
(Bansal et al., 2021; Danielis, 2020; Li et al., 2020; Qian et al., 2019; géasn}'f et al., 2018). In
this case, WTP for a 1-minute reduction in fast charging time is calculated to be ¥2,424 (=
€315) for Chinese consumers (Qian et al., 2019) and €86.8 for Italian consumers (Danielis,
2020). Similarly, Bansal et al. (2021) estimate the WTP for a 10-minute reduction in fast
charging time to be between 214,400 (= $160) and 220,900 (= $233) for Indian consumers.
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Li et al. (2020) argue that a potential reason for the prevalent importance of fast charging is
that it fills the battery to 80% within 30 to 60 minutes, representing the time cost to the
consumer. In contrast, individuals are usually home for more than eight hours per day, which
indicates that 6 to 10 hours of slow charging time at home will have less effect on their
schedule. On the other hand, some studies find fast charging time to be insignificant for
consumers (Li et al., 2022; Rotaris et al., 2021). Finally, Qian et al. (2019) find that those living

in bigger cities with a faster pace of life value charging speed more.

Second, charging infrastructure availability and charging station density are found to be
positive and significant in some studies, indicating that an increase in the number of charging
points or a decrease in the distance between them could increase EV adoption (Choi et al.,
2018; Huang et al., 2022; Oryani et al., 2022). According to findings by Choi et al. (2018) and
Oryani et al. (2022), consumers are willing to pay ¥80,489(= €56) and $43.02 (= €40) more
for an increase of 1% in the availability of charging stations, respectively. Estimations by
Huang et al. (2022) show that consumers are willing to pay ¥170,000 (= €22,076) for a 20%
increase in charging density. On the contrary, Qian et al. (2019) find the coverage of charging
public stations to be insignificant, and Danielis (2020) and Bansal et al. (2021) indicate that the
availability of fast charging stations does not influence consumers' choices regarding EV

adoption.

In addition, Jia and Chen (2021) show that for respondents living in Virginia, USA, the impact
of charging infrastructure availability is significant only for BEVs (not for PHEVs) and only
for those without garages at their houses. Similarly, Qian et al. (2019) find that the effect of the
permission to install a home charger is significant and large, even though the availability of
public charging stations is insignificant. The latter may indicate a preference of consumers for
the convenience that charging at home provides. Specifically, consumers are willing to pay
¥91,039 (= €11,822) more for a BEV if they have permission to install a charger at home (Qian
etal., 2019).

Last but not least, the results from the techno-economic modelling of Wu et al. (2022) show
that the charging cost comprises one of the main concerns for EV owners. Most EV owners
prefer to charge their vehicles at home using rooftop PV and BES systems (or using green

energy from the grid). They can also benefit from the lower electricity cost and exploit the time
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when they do not use their vehicles (Falchetta & Noussan, 2021). However, installing PVs and
BES is not economical for many households (Wu et al., 2022).

Overall, public charging infrastructure for EVs in many countries, including Greece, remains
inadequate and only complementary to home and work charging (Geronikolos & Potoglou,
2021). Nevertheless, the adequate development of public charging stations and their strategic
placement and allocation around the country are instrumental to enabling long-distance and
outside-of-urban areas travel (Geronikolos & Potoglou, 2021) and support EV adoption from
middle- and lower-income households which cannot afford home chargers (Engel et al., 2018).
Indeed, EV owners prefer to charge their vehicles every day or every two days during the night
at home, while the main reasons for choosing public charging stations are the nonavailability

of home chargers and the long trips (EEA, 2016).

3.2.3. Policies

Policymakers attempt to introduce efficient policies and incentives to facilitate faster EV
diffusion (Caulfield et al., 2022; Hesselink & Chappin, 2019). In recent years, many studies
have examined whether the policies implemented or discussed can indeed increase EV
adoption. Anastasiadou and Gavanas (2022), reviewing over 70 papers regarding EV adoption,
find that financial and non-financial incentives play a significant role in consumers’ intention
to buy an EV. Below, findings regarding a wide range of financial, non-financial, and market-

oriented incentives are provided.

In Europe, subsidies for BEV purchases and reductions in the annual vehicle circulation tax are
the two most implemented policies targeting the adoption of BEVs (ACEA, 2023). Purchase
subsidies are applied once during the purchase of the car, target the barrier of the high upfront
cost of EVs, and are proven to increase EV adoption (Abotalebi et al., 2019; Cerruti et al., year;
Gong et al., 2020; Jia & Chen, 2021; Qian et al., 2019; Tchetchik et al., 2020). On the other
hand, Cerruti (2023), using the differences in differences model, finds reductions in circulation
taxes to be only slightly or not at all significant for consumers. Circulation taxes usually depend
on vehicle characteristics such as weight, engine size, and power, and their benefits are
connected to the entire vehicle's life cycle (Cerruti, 2023). The authors argue that the results

show consumers' preference for the subsidies over the circulation taxes due to the direct benefit
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they can get from them. Finally, exemption from taxes and fees such as road tolls, purchase
tax, circulation tax, Vehicle and Vessel tax (V & V), and insurance fees can positively affect
EV adoption (Jia & Chen, 2021; Li et al., 2022; Wang et al., 2017). Although subsidies and tax
discounts can be instrumental in the promotion of EV technology, they are two very high
financial expenditures for governments (Cerruti, 2023). Thus, they are expected to be

terminated in the future (Wang et al., 2017).

Another widely implemented financial incentive is the parking fee discounts targeting the EV
promotion. The latter has a notably lower cost than subsidisation, but their impact receives
mixed results in the literature. Some studies find discounts on parking fees to increase EV
attractiveness (Gong et al., 2020). Similarly, Wang et al. (2017) and Danielis (2020) find
parking fee exemption to be significant but of relatively less importance compared to other
policies. The latter studies calculate WTP for parking fee exemption of ¥10,440.76 (= €1,356)
and €1.8 for Chinese and Italian consumers, respectively. In contrast, Aravena and Denny
(2021) and Bansal et al. (2021) show that this policy does not influence consumers’
preferences. Additionally, free public charging increases consumers WTP for EVs (Li et al.,
2019; Wang et al., 2017). Finally, Gong et al. (2020) find one of the most preferred policies for
EV adoption in Australia to be the energy bill discount, which is “an innovative support
designed to attract EV users and can be extended with other green energy infrastructure” such

as installation of PVs at home.

Furthermore, purchase restriction exemption and driving restriction exemption are two non-
financial policies of high influence on EV adoption (Oryani et al., 2022; Wang et al., 2017).
Additionally, access to specialised lanes, such as bus or HOV (high-occupancy vehicle) lanes,
has a positive and significant, but relatively smaller than other policies, impact on BEV
adoption (Gong et al., 2020; Oryani et al., 2022; Wang et al., 2017). On the contrary, other
studies find the access to specialised lanes non-important for consumers, especially when the
deployment of EVs is very low, and consumers are mainly concerned with different aspects

related to EVs, such as those described above (Abotalebi et al., 2019; Bansal et al., 2021).

In addition, the lack of information regarding EV technology appears to be a prevalent barrier
in literature (Hesselink & Chappin, 2019). Authors conducting DCEs argue that consumers'
knowledge of EV-related incentives may affect their choices (Jia & Chen, 2021; Li et al., 2020;

Noel et al., 2019). Therefore, policies increasing consumers' familiarity with EVs are necessary
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to assist in EV deployment (Li et al., 2022). For example, information campaigns, test-driving
possibilities, exhibitions, conferences, EV rental and sharing programs could promote EV

adoption (Anastasiadou & Gavanas, 2022; Hardman et al., 2017).

Lastly, in the last few years, there has been an increasing exploration of the effects of various
alternative policies on EV adoption. I will briefly present the results regarding some of those
policies. In China, free-licensing regulation significantly increases consumers' WTP for EVs
(Qian et al., 2019). In addition, the lack of battery recycling policies hinders consumers’
willingness to adopt EVs (Huang et al.,2022). Also, carbon trading policies, such as PCT
(Personal Carbon Trading), TDC (Tradable Driving Credit) and CT (Carbon Tax), are
considered significant by consumers and potentially able to enhance EV deployment without
affecting CV adoption (Li et al., 2020; Li et al., 2022). There is also increased attention on the
V2G (Vehicle-to-Grid) possibility that can offer control over energy by transferring power in
a duo channel between an EV and the charging network, and it is found to add attractiveness
to EVs (Singh et al., 2020; Noel et al., 2019). Bostrom et al. (2021) argue that V2G can assist
the use of PVs by storing the produced electricity in the EV battery. Finally, market-oriented
policies such as battery or vehicle leasing can help in the adoption of EVs (Liao et al., 2019).
Specifically, leasing is the preferred option for BEVs, and battery leasing is the least preferred

option. For PHEVs, the traditional purchase business model remains the most popular method.

3.2.4. Micro Renewable Energy Sources

As mentioned before, for the total exploitation of EV environmental benefits, the increased
participation of RES in the electricity mix used for EV charging is instrumental. Choi et al.
(2018) investigate whether an eco-friendly electricity generation mix could assist EV
promotion. Although BEVs are currently the least preferred type of car, the most preferred
generation mix of electricity is the RES-oriented mix. Thus, the authors argue that a
combination of RES-oriented electricity mix, higher availability of charging infrastructure, and
decreased fuel cost could increase consumers' BEV adoption. Specifically, by changing the
electricity generation mix from one based on fossil fuels and natural gas to a RES-oriented mix,
consumers are willing to pay, on average, an additional 9 million KRW (= €6,235) for the

purchase of a BEV (Choi et al., 2018).
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Similar results occur from the DCE conducted by Noel et al. (2019) for Nordic countries, where
fuel type is one of the most important attributes for consumers, with the coefficients of
renewable and hydro energy to be positive, large, and statistically significant for all the
countries. Results show that consumers are willing to pay much more for the energy source
used to recharge their vehicles to be generated by RES. Specifically, WTP for RES is €25,551
for Norway and Sweden, €24,487 for Iceland, and €16,274 for Denmark and Finland.

Due to their potential benefits, PVs and EVs comprise two key elements for energy
decarbonisation (Hutty et al., 2021). Furthermore, Delmas et al. (2017) illustrate that people
are similarly interested in buying EVs and PVs, and it is likely to purchase both but maybe not
simultaneously. Finally, Stauch (2021) investigates whether bundles of highly complementary
products, such as EVs and PVs, can increase car buyers' WTP. His findings show that bundling
these products adds value to EVs for potential consumers, increasing their WTP for an EV.
Similarly, EV ownership or the intention to purchase an EV impacts the demand for PVs (Gu
& Feng, 2020). Indeed, Gu and Feng (2020) explore the Austrian households' preferences for
PVs and heat pumps and find that the combination of EV ownership and PV installation

increases the attractiveness of the two technologies.

The literature argues that this combination is also very beneficial financially for households. It
is estimated that PVs combined with a BES and an EV is the most profitable configuration for
households, reducing their average energy consumption by up to 39.6% compared to the case
when a household does not own an EV, BES, or PV (Wu et al., 2022). Gu and Feng (2020)
cite, among others, the results by Ritte et al. (2012) and Coffman et al. (2017), arguing that a
household that uses EVs and PV's simultaneously can significantly reduce both electricity bills

and total costs of EV charging.

3.2.5. Consumers Characteristics

Psychological and attitudinal factors, experiences, perceived behavioural control, emotions,
beliefs, and morality are displayed in the literature as significant variables for EV adoption
(Singh et al., 2020) and are able to explain some of the heterogeneity in consumers' preferences
(Tchetchik et al., 2020). For example, consumers inclined towards innovation (Tchetchik et al.,

2020), EV-tech believers, and early adopters are more likely to choose an EV (Bansal et al.,
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2021). Moreover, studies show that societal influence, family and peer pressure, and whether
consumers know someone who drives or would drive an EV affect their preferences (Singh et
al., 2020). Finally, Tchetchik et al. (2020) find that those located higher on the driving
hedonism scale (pleasure, excitement, and enjoyment of driving) are less willing to adopt
BEVs. The latter might explain why those with higher annual mileage show less willingness to

adopt a BEV (Danielis, 2020; Jia. & Chen, 2021).

In addition, environmental awareness, a progressive attitude towards the environment,
perceived environmental benefits, climate change acceptance, and subjective norms play an
important role in whether consumers intend to adopt an EV technology (Abotalebi et al., 2019;
Bansal et al., 2021; Danielis, 2020; Li et al., 2022; Rotaris et al., 2021). However, the high
purchasing price of EVs, the belief that EVs are not beneficial for the environment, and the
lack of knowledge about EV technology may hinder their motivation to buy an EV (Aravena
& Denny, 2021; Singh et al., 2020).

Furthermore, consumers' demographic and socioeconomic characteristics seem to affect their
preferences for EVs (Hidrue et al., 2011). To begin with, although the impact of consumers'
age varies in the literature, most of the studies agree that younger people are more likely to use
technologies that protect the environment and consequently to choose an EV (Abotalebi et al.,
2019; Danielis, 2020; Ferguson et al., 2018; Geronikolos & Potoglou, 2021; Huang et al., 2022;
Hidrue et al., 2011; Jia & Chen, 2021; Noel et al., 2019; Qian et al., 2019).

Regarding gender, many studies support that women are more likely to choose an EV
(Ferguson et al., 2018; Qian et al., 2019). Rotaris et al. (2021) and Li et al. (2022) find that
female consumers are more concerned about the environment and have higher perceived
environmental characteristics. In addition, Bansal et al. (2021) show that females, although
they have low trust in EV technology, have a stronger belief that EVs can contribute to climate
change mitigation, so they are more likely to adopt an EV. On the other hand, Jia and Chen's

(2021) results show that males are more likely to choose an EV.

The education level and income of consumers are the most commonly examined
socioeconomic characteristics. Higher-educated people seem more interested in buying EVs
(Abotalebi et al., 2019; Bansal et al., 2021; Ferguson et al., 2018; Jia. & Chen, 2021).
Surprisingly, Danielis (2020) findings show that higher education negatively impacts the utility
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people derive from BEVs. Furthermore, Caulfield et al. (2022), Jia and Chen (2021), and Wang
et al. (2017) find that, as expected, the lower income households are more concerned about the
purchase price and the likelihood of EV adoption increases with income. Interestingly, several
studies indicate a negative relationship between income and EV adoption, arguing that the
higher the income, the lower the likelihood that consumers will choose an EV (Liao et al.,
2019; Qian et al., 2019; Singh et al., 2020). For instance, Qian et al. (2019) argue that the latter
might be due to the context of the Chinese car market and consumers considering EVs to be of

lower quality than CVs.

Nevertheless, even if lower-income households are more positive towards EV technology, they
are not very likely to purchase an EV if they have no adequate financial help since the high
purchase price of EVs is the primary concern of low-income households (Caulfield et al., 2022;
Falchetta & Noussan, 2021; Geronikolos & Potoglou, 2021). Indeed, lower-income households
often experience financial barriers to shifting from a CV to an EV, such as a lack of financial

resources or access to credit (Caulfield et al., 2022; Schleich, 2019).

EV ownership can be very beneficial for low-income households since transportation is the
second largest component of household expenditures, and the costs related to it (insurance,
maintenance, and fuel costs) can comprise a significant financial burden (Bauer et al., 2021).
Although these costs are expected to be reduced as the technology is improved and adopted by
more people (Bauer et al., 2021), currently, low income may be a significant barrier for
consumers. That indicates that the transition towards electromobility could exacerbate
exclusion, injustice, and inequality since EVs might be accessible only to rich people (Caulfield

et al., 2022; Gomez Vilchez et al., 2019; Sovacool et al., 2019).

Gu and Feng (2020) show that heterogeneity in consumer preferences also exists for home
energy equipment such as PVs, with income being highly impactful on decision-making. An
interesting result from their research is that although low-income households have lower WTP
to install RES equipment such as PVs than high-income households, the combination of PVs
and EVs is more attractive to them. Specifically, the ownership of EVs or the intention to own
an EV can increase the probability of installing PVs by 5% and 10% for lower and higher-
income households, respectively (Gu & Feng, 2020).
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Along with household income, ownership and the size of the house also affect consumers'
preferences regarding home energy equipment. Since lower-income households tend to rent
and live in smaller houses, they often lack the space for PV installation, resulting in lower WTP
for PVs (Gu & Feng, 2020). Finally, Schleich (2019) provides evidence from the literature
regarding the adoption of energy-efficiency technologies by low-income households in the EU.
He argues that since low-income households spend in total a higher share of their income to
cover their energy needs, the adoption of energy-efficient technologies will be instrumental in
the reduction of their expenses and contribute to the reduction of energy poverty, which is
prevalent in the whole of Europe and increasing in the Southern European countries such as

QGreece.

Finally, results regarding car ownership and the number of vehicles owned vary in the literature
(Singh et al., 2020). Qian et al. (2019) find that car owners are more likely to buy an EV,
whereas Noel et al. (2019) show that those who already own one or more cars are more reluctant
to change their current vehicle for an EV. S&asny et al. (2018) find that those with a higher
number of vehicles are more likely to purchase a BEV ora PHEV. On the other hand, Abotalebi
et al. (2019) find car ownership to be a non-significant factor in consumers' choices. Finally,
BEVs seem more appealing to those interested in small, economy vehicles (Ferguson et al.,

2018) and residents of urban areas (Caulfield et al., 2022).
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4 Methodology

4.1. Stated Preferences and Discrete Choice Analysis

The SP (Stated Preferences) method has been widely used to estimate the performance of non-
market goods, meaning products or services that have not yet penetrated or have been newly
introduced to the market, for which there is a lack of data regarding people's preferences
(Merino, 2003). SP method has received increasing acceptance since the mid-1990s in several
research domains such as agricultural, environmental, health and transport economics, where
the availability of data is scarce, and the RP (Revealed Preferences) data cannot be obtained
(Louviere et al., 2010; Merino, 2003). EVs are a newly introduced technology, and its
penetration in most countries worldwide, including Greece, is still in the initial stage.

Therefore, SP is an appropriate method to explore people’s preferences for EVs in Greece.

SP data can be collected by using techniques such as contingent valuation, conjoint analysis,
and discrete choice analysis (Merino, 2003). The current study uses discrete choice analysis,
in which respondents are asked to consider a few hypothetical options through a survey
(Merino, 2003). With this method, it is possible to elicit consumers’ preferences and derive
consumers’ WTP by asking them to assess value trade-offs amongst the product attributes
(Merino, 2003). Finally, discrete choice analysis is suitable for evaluating market products with

multiple attributes, such as EVs.

4.2. Experiment Design

4.2.1. Efficiency and Choice Sets

The tool for discrete choice analysis is the DCEs (Discrete Choice Experiments) (Train, 2003).

In the DCE:s, respondents are asked to reply in a few hypothetical scenarios and choose their
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preferred product or service among a series of alternatives. A set of alternatives in a DCE is
called a choice set. The main characteristics of a choice set are that it is exhaustive, and the

alternatives in each choice set are mutually exclusive and finite.

The five important features, according to Mariel et al. (2021), that need to be considered when
designing a DCE are the number of attributes, the number of levels used to describe the
corresponding attribute, the range of the attribute levels, the number of alternatives presented
in a choice set and the number of choice sets. The extent to which the number and size of these
features affect the results of DCEs varies significantly in the literature. Mariel et al. (2021)
argue that researchers must provide respondents with relevant choices and the maximum
possible informational content. The selection of these features for this study was made based
on a discussion with the researchers of the Environment Center of Charles University, the

available literature, the reality of the Greek market and economy, and the purpose of this study.

Two different experiments were created based on the survey questions. For an efficient DCE
design, N-gene software and D-efficiency optimisation were used (Mariel et al., 2021;
ChoiceMetrics, 2018). D-efficiency is the most commonly used measure in the literature, used
to minimise the standard errors on the diagonal AVC matrix that summarises all the uncertainty
associated with the parameters of interest while controlling for the degree of correlation
between the parameters (Mariel et al., 2021). Prior information from relative literature was
used for the initial design, as well as any additional knowledge regarding the parameters by the
estimates from a pilot study was used to improve the design (ChoiceMetrics, 2018). Bayesian
priors and a median of 1000 Sobol draws as an indicator of the central tendency were used to
evaluate the efficiency of the design (ChoiceMetrics, 2018). Last but not least, the design of
DCEs in the N-gene software was completed under the guidance of my supervisor, Milan
S¢asny, and the DCEs in the environment of the survey were programmed by Martin Kryl, a

researcher at the Environment Center of Charles University.

For the first DCE, 48 choice sets were produced, separated into 12 blocks of four choice sets
each. For the second DCE, 60 choice sets were produced and separated into 10 blocks of six
choice sets each. The blocks and choice sets presented to each respondent, the order of choice
sets, and the order and colour of each alternative were randomised across respondents. A
specific number of choice sets was presented to respondents, and they were asked to choose
the vehicle they would buy considering their available income and the available attributes of

each alternative provided.
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If respondents had already installed PVs in their households and they believed that their
capacity was enough to charge their EVs in the future, they were provided with two blocks of
the first DCE (40 respondents). Each block includes four choice sets, and each choice set
presents four alternative cars (CV, HEV, PHEV and BEV). Figure 4.1 shows an example of a
choice set for the first DCE as respondents received it through the survey. On the contrary, if
respondents had not installed PVs or they believed that the capacity of their installed PVs would
not be enough for charging a EV, they were provided with one block of the first DCE plus one
block of the second DCE (1,036), which includes six choice sets, with five alternatives each
(CV, HEV, PHEV, BEV and BEV+PV). An example of a choice set from the second

experiment is illustrated in Figure 4.2.

Thus, in the first case, respondents had to reply to 8 hypothetical choice scenarios (2 x 4), while
in the second case, respondents had to reply to 10 hypothetical choice scenarios (4 + 6). Using
two different DCEs, I can observe and estimate whether some consumers shift their choices if
they have one extra purchase option. That is the option to combine the purchase of a BEV with
the installation of PVs at their houses. Finally, all the respondents had an opt-out option,
meaning they could choose not to buy any of the available alternatives. The opt-out choice is
added to the choice scenario to ensure consistency with economic theory and the choices any
consumer would have in real-life scenarios (Merino, 2003). The opt-out choice’s impact on the
efficiency of the DCE design receives mixed results in the literature, with some studies arguing

that it can reduce the hypothetical bias of the DCE (Mariel et al.,2021).

4.2.2. Attributes and Levels

The choice of attributes and their levels for each alternative were chosen after considering the
available literature and their relevance to Greek households. Note that changes were made in
the levels of some attributes based on the data acquired from the pilot. Below, I describe in
detail all the attributes and levels used in the experiments before and after the pilot. Table 4.2

summarises all the attributes and their levels used in the main wave of the data collection.

First, the car purchase price represents all the one-time vehicle purchase expenses. The base
price for all vehicles was calculated based on participants’ responses in the survey regarding
the car they intend to purchase. A pivoted design and default prices based on the car categories
were set in case respondents had not marked up their preferred price. The price of CVs is always

the calculated base price. The price of HEVs, PHEVs and BEVs is expected to be relatively
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1. Emheyn

Baoikn TiuR
EmiSoual TéEAn
Tehikfy TipR

AsiToupyikd £5o8a

(kaTd péoo opo eTNGIWG)
Autovopia

Kavoviki ®épTion

Fpryopn ®opTion

EmavagopTiiopsvo
(plug-in) YRpi18ik6é
Oxnua
16.000 €
1.600 €
17.600 €

6€ yia kéBe 100 xhp

(600 € Tov xpovo)

900 XAy
+ 100 xAp (pTratapia)

4 wpeg

Oy ePIKTO

EAe0Bepn Z1aBpeuon

EupBaTikd Oxnpa
(Beviivn, NTileA)

12.000 €
2400€
14.400 €

7€ yia k@Be 100 xhy
(1.700 € Tov xpdvo)

600 xAu

YRp1Bikd Oxnpa

13.000 €
1300€
14.300 €

17€ yia k@Be 100 xAp.
(1.700 € Tov xpovo)

750 xhu

Apryug HAEKTPIKS
Oxnua

14.000 €
-3.500 €
10.500 €

2€ yio k&Be 100 xAp.

(200 € Tov xpdvo)

700 xhu

10 wpsg

30 Aetrtél

500 € emidopa yia TV
ayopd wallbox (£guttvou

MoAmkég/KivnTpa

Moio autokivnTo Ba eTéAeyeg;

Emavagopnidpeve

Tupparkd Oxnua

Aev Ba eTTEAEYO KavEVa OTTO TA TIAPATIAVW.

YBpidiké Oxnua

Figure 4.1: Example of a choice card from the first DCE.

@opTiaT)

Apywg HAekT,

Note: The choice cards are in Greek, as displayed in the original survey.

1. emnoyn

Baowd Tipr
EmriGopal TéAn
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Apy. Tip (B/E)
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AuTavapia

Kavoviki #éprion
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NotumégKivnrpa
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ETEAEVES;
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16.000 £
-2.200€
12.800 €
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2.000€
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300 yhp
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(EEuTrvou popTioTA)

EheiBzpn Trduzuan

Emavapopniiéusvo
{plug-in) YEpiBucs
Oxnua
16.000 £

1.500€
17.600 €

17.600 €

12€ yia kaSe 100 XAp.

{1.200 € Tov ypdvo)

GO0 yhp
+ 50 ghp (prrarapia)

2 ipeg

Dy s

Ehsiifizpn Er&Bpzuan

Eupamiké Oynpa
{Bevivn, NTigeh)

12000 €
1.200€
12.200 €

12.200€

30€ yi1a kAS: 100 yAp.

{2.000 < Tov ypdvo)

Q00 yhp

Asv Ba sTEASya KavEVa GTTS Ta TTAPATIEN.

¥ BpiBikd Dynpa

12000
GO0 €
12600 €

12600€

20€ yia waBz 100 AP,

(3.000 € Tov ¥pévo)

200 xhp

Figure 4.2. Example of a choice card from the second DCE.

Aprgic HAZKTPIRG
Dxnuao

14000 €
-3.500€
10.500 €

10500 €

15€ yia kisBz 100 yhp.

(1.500 £ Tov ypévo)

850 yhy

& dipeg

20 Azmrma

500 £ cmiGoua yia T

ayopd wallbox
{EEuTrvou popnaTi)

Note: The choice cards are in Greek, as displayed in the original survey.
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higher since, currently, the price of most EVs available in the market is higher than that of CVs.
Thus, the price of HEVs was assumed to be 0%, 10% or 20% higher than the base price. The
price of PHEVs was originally set to be 10%, 20%, 30% or 40% higher than the base price, but
after the analysis of pilot data, the 40% level was reduced to 35%. The latter decrease was
intended to better fit the currently lower prices of PHEVs in the market and enhance their
competitiveness in the choice sets. Finally, the price of BEVs was assumed to be 10%, 20%,

30%, 40%, or 50% higher than the base price.

Although CVs’ prices are usually lower than those of EVs, the registration fees on fuel-based
vehicles or the subsidies for purchasing EVs can alter the initial prices. In the choice sets,
respondents could see the initial purchase price, the amount of fees or subsidisation applied to
the initial purchase price, and the final price they would have to pay. The CVs’ price could take
no change or increase by 10%, 20%, 30% or 40% due to registration fees for fuel-based
vehicles. The 40% increase was removed from the design after the pilot due to the effect
extreme taxation had on respondents' choices. Taxation on HEVs is expected to be half of that
of CVs. Therefore, the HEV purchase price was assumed to take no change or increase by 5%,

10%, 15%, or 20%. Similarly, the 20% increase was removed from the design after the pilot.

For PHEVs, the initial price could decrease if subsidies were provided to promote this
technology or increase if registration fees were applied for the technology due to CO2
emissions. So, PHEVs' price could take no change, decrease by 10% or 20%, or increase by
10% or 20%. Finally, since subsidies for BEVs are provided, and BEVs emit no CO2
emissions, the original design assumed that BEVs' price could take no change or decrease by
20%, 25%, 30% or 35%. Analysing the pilot data, it was noticeable that BEVs were
surprisingly preferred over CVs. The latter was assumed to occur because of the very high
registration fees for CVs and HEVs and the significant decrease in BEV prices due to high
subsidisation. Therefore, for the main wave, the BEVs' price was assumed to take no change

or decrease by 10%, 20%, 25%, or 30%.

Next, respondents were provided with the operating costs for each alternative car, which refer
to the amount of money someone must pay for every 100 km to refuel or recharge his vehicle.
The following values were calculated based on the average fuel and electricity prices available
in the market. Operating costs per 100 km for CVs could be 15, 17, 20, 30, or 40 euros. For
HEVs, slightly lower operating costs were assumed. Specifically, operating costs for HEVs

could equal 13, 15, 17, 20 or 30 euros per 100 km. Operating costs can be much lower for
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PHEVs and BEVs since the price of electricity is lower than that of gasoline or diesel.
Therefore, PHEVs' operating costs, including both refuelling and recharging, may be 6, 8, 12,
16 or 10 euros per 100 km. Finally, BEVs' operating costs could be 0, 2, 4, 5, 8, or 15 euros
per 100 km. The assumption of zero operating costs happens in the case someone only charges
at home using electricity that he/she produces (e.g., from solar PVs) or charges at free public
charging stations. In addition to the cost per 100 km, respondents could see the average
operating costs per year, which were calculated based on the expected mileage they indicated
in the survey. In the case that no information about mileage was provided, an average default

value of 10,000 km per year was assumed for a Greek car owner.’

In addition, respondents were provided with the driving range of each vehicle, which represents
the maximum distance a car can travel with a full tank of fuel or a fully charged battery. The
range of different types of vehicles can vary based on the fuel or drive they use and their size,
and in the future, also due to technological advancements. Respondents were provided with
different values of driving range according to the car category respondents had chosen in the
survey as their preferred for the next vehicle purchase. Note that car categories are separated

into three size groups as described in the Data.

First, the driving range for CVs, HEVs and PHEVs had the same three levels for each car size
(small, medium, and large). For convenience, I refer to this driving range as CV range
throughout the rest of the text. The first level of the CV range was 600 km for all car sizes. The
CV range could take values equal to 700 km, 750 km and 800 km in the second level and 800
km, 900 km and 100 km in the third level for small, medium and large cars, respectively.
PHEVs can also be charged by the grid, and thus, the electric driving range was calculated and
presented to the respondents. The electric range for PHEVs could be 50 km, 75 km, 100 km,
or 125 km, regardless of the car size. Finally, five levels of electric range were available for
BEVs. In the first level, the range could be 200 km, 300 km, and 400 km for small, medium,

and large cars.

Similarly, the values of the electric range could take the values 300 km, 400 km, and 550 km
in the second level, 400 km, 550 km and 700 km in the third level, and 500 km, 650 km and
800 km in the fourth level. In the fifth level, the electric range could be 600 km, 700 km, and

1,000 km for small, medium, and large cars, respectively. The latter, which assumes a range as

> Based on information for car drivers’ yearly driven kilometers in Europe available in: https://www.odyssee-
mure.cu/publications/efficiency-by-sector/transport/distance-travelled-by-car.html.



https://www.odyssee-mure.eu/publications/efficiency-by-sector/transport/distance-travelled-by-car.html
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high as CVs, was added to the experiment based on the idea that although the range of BEVs
is much lower than that of CVs, technological progress is fast and promising a higher electric
range in the next few years. Specifically, the automobile company TOYOTA announced the
addition of advanced solid-state batteries in BEVs by 2025, significantly cutting the charging

time and increasing the driving range to almost 1,000 km (Davies, 2023b).

In this study, there is a distinction between normal (slow) and fast charging time for the battery
of BEVs and PHEVs. Since most PHEV models currently cannot be charged in fast DC
charging stations, the only available attribute for PHEVs is the normal charging time. The time
is given in hours and refers only to the time of charging the battery of a PHEV and not to the
time of refuelling the petrol/diesel tank. The normal charging time for a PHEV was calculated
based on the electric range previously assigned to the car. Specifically, four levels with the
values 0.5, 1, 1.5, and 2 were assumed for the PHEV and then included in the following

equation to calculate the time:
Normal charging time [in hours] = {0.5,1,1.5, 2} * Electric Driving Range [PHEV]/ 50

The normal charging time for BEVs has four levels and varies based on the size of the car. For
BEVs, normal charging time could be 3, 5, 7 or 9 hours for a small car and 4, 6, 8, or 10 hours
for a medium or large car. Finally, the fast charging time for BEVs could take the values 20,
30, 45 or 60 minutes, regardless of the vehicle size. Note that the refuelling time for CVs and
HEVs was not included in the design, but respondents were asked to consider that even

refuelling the tank of these vehicles would require some time.

Finally, two policies implemented in Greece targeting EV promotion were added to the
experiment for BEVs and PHEVs, and they were coded as dummies. The message “500€
subsidy for the purchase of a wallbox (smart charger)” was provided to the respondents if it
was assumed that PHEV or BEV purchase could be combined with this additional benefit of
buying a wallbox (home charger) for charging their vehicle at home. In addition, the message
“free parking” was provided to the respondents if it was assumed that PHEV or BEV was

excluded from parking fees.

In the second DCE, three attributes related to PVs were added. Note that the fifth alternative,
which includes a combination of a BEV with PV installation, had the same levels for all
attributes related to BEVs. The only difference was the additional attributes. First, respondents
could see the capacity of the PVs that would be installed in their households in that specific
hypothetical scenario. The total capacity installed could be 3, 5, 7 or 10 kWp.
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Previous to the choice sets, respondents were provided with adequate information regarding
PV capacity and its potential. Specifically, respondents were asked to consider that the capacity
of the PV system is given in kilowatts peak (kWp), which is the peak power of the PV system
or a panel, meaning how much energy the system will generate at peak performance, such as
on a sunny day in the afternoon. In addition, Table 4.1 was available to them as an indication
of the potential of the PV system. Table 4.1 shows the maximum (at peak performance) annual
electricity production from PVs based on their capacity, what percentage of a household's
annual consumption would be possible to cover using this amount of electricity, or how many

km of electric driving range could be charged.

Table 4.1: Potential of a PV system at peak performance based on its capacity in KkWp.

Capacity 3kWp SkWp 7kWp 10kWp
Annual electricity 4,500 kWh 7,500 kWh 10,500 kWh 15,000 kWh
production from PVs

Percentage of household’s  64.19% 107.14% 150% 214.29%
annual consumption

covered

Km could be charged 22,500 km 37,500 km 52,500 km 75,000 km

Next, the purchase price of PVs was provided. PV purchase price refers to all the costs related
to PV system installation, such as the purchase of PVs, inverters, or cables, and any fees for
the study of the building and the installation. As it was explained in the Background Section,
in the latest round of the subsidy (started in April of 2023), PV installation is combined with
the installation of a BES, the cost of which is almost fully covered (90%-100%) by the subsidy,
and therefore it is excluded from the price of PVs. The price had three levels, but each level
could take different values based on the assumed capacity of the PV system. Specifically, if the
capacity installed was 3 kWp, the price could be 3, 4.5 or 6 thousand euros. If the capacity
installed was 5 kWp, the price could be 4, 7, or 10 thousand euros. If the capacity installed was
7 kWp, the price could be 6, 9, or 12 thousand euros. If the capacity installed was 10 kWp, the

price could be 8, 12, or 18 thousand euros.

In addition, the government subsidises PV installation. To avoid complicated calculations

based on respondents' socioeconomic characteristics, such as their income, and to provide a
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personalised level of subsidy based on reality (Figure 2.1), five levels of subsidy that cover all
the cases of subsidisation were assumed for the pilot data. Therefore, someone could take no
subsidy at all or receive a subsidy covering 20%, 30%, 50% or 70% of the initial PV price.
After the analysis of pilot data, the fifth level of 70% subsidy was removed so the final price
of PVs could better represent reality and avoid presenting alternatives that were clearly better
than all the other alternatives. All respondents could see the initial purchase price for PV
installation, the discount they would get based on the subsidy, and the final price they would

need to pay. Finally, respondents could also see the total price for the bundle product. That is

the final price of the BEV plus the final price of PVs.

Table 4.2. Summary of the attributes and levels of the DCE design.

Ccv HEV PHEV BEV BEV+PV
Car Attributes Car Size Levels
Purchase Price (€) All Base stated 1) PPO 1) 1.1*PPO 1) 1.1*PPO Same as for
by the 2) 1.1*PPO 2) 1.2*PP0 2) 1.2*PP0O BEV
respondent 3) 1.2*PPO 3) 1.3*PPO 3) 1.3*PPO
(PPO) 4) 1.35*PP0 4) 1.4*¥PP0
5) 1.5*PPO
Fees or subsidy (€) All 1) 0% 1) 0% 1) -20% 1) 0% Same as for
2) +10% 2) +5% 2) -10% 2) -10% BEV
3) +20% 3) +10% 3) 0% 3)-20%
4) +30%" 4) +15% 4) +10% 4) -25%
5) +20% 5)-30%
Operating Costs (€/  All 1) 15 1)13 1)6 1o Same as for
100 km) 2) 17 2) 15 2)8 2)2 BEV
3)20 3) 17 3) 12 3)4
4) 30 4) 20 4) 16 4)6
5) 40 5) 30 5) 20 5)8
6) 15
Driving Range (km)  Small 1) 600 1) 600 1) 200 Same as for
2) 700 2) 700 2) 300 BEV
3) 800 3) 800 3) 400
4) 500
5) 600
1) G-Range +
Medium 1) 600 1) 600 50 * 1) 300
2) 750 2) 750 2) G-Range + 2) 400
3) 900 3) 900 75 3) 550
3) G-Range + 4) 650
100 5) 700
4) G-Range +
Large 1) 600 1) 600 125 1) 400
2) 800 2) 800 2) 550
3) 1000 3) 1000 3) 700
4) 800

5) 1000



Methodology 34

Normal Charging Small - - 1) 0.5 ** 13 Same as for
Time (h) 2) 1 2)5 BEV
3) 15 3)7
4) 2 49
Medium & - - 1)4
Large 2)6
3)8
4) 10
Fast Charging Time  All - - - 1)20 Same as for
(Min) 2)30 BEV
3)45
4) 60
500€ Wallbox All - - 1) Yes 1) Yes Same as for
Subsidy 2) No 2) No BEV
Free Parking All - - 1) Yes 1) Yes Same as for
2) No 2) No BEV
PV Attributes PV Levels
capacity
PV capacity - - - - 13
2)5
3)7
49
Purchase Price for 3 kWp - - - - 1)3
the installation of 2)4.5
PVs (1,000 €) 3)6
4 kWp - - - - 1)4
2)7
3) 10
7 kWp - - - - 1)6
2)9
3)12
10 kWp - - - - 8
2) 12
3) 18
PV subsidy 1) 0%
2) -20%
3)-30%
4) -50%

* G refers to the petrol/diesel (Gasoline) driving range.
**Normal Charging Time for PHEVs is calculated as: {0.5,1,1.5, 2} * Electric Driving Range [PHEV]/ 50.

4.3. Method of Estimation

According to McFadden (1986), a decision-maker is assumed to be rational and attempt the
maximisation of their utility. Therefore, every respondent is assumed to choose from a set of

alternatives, one that offers them the highest level of utility. According to the Random Utility
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Theory, unobservable utility is defined as a random variable with two components: the
deterministic component, which reflects the tastes of the population and the stochastic
component, which reflects the idiosyncrasies of an individual in tastes for an alternative with
specific attributes (McFadden, 1986; Train, 2003). The assumptions made for the utility, the

function and the distributions of the random components derive different models (Train, 2003).

The CL model is widely used because of its simplicity. It provides a simple closed form for the
potential choice probabilities without any requirement of multivariate integration (Hausman &
McFadden, 1981). However, the CL model has the disadvantage of the restrictive IIA
assumption (independence of irrelevant alternatives), meaning that no unobserved correlation
exists across alternatives. In reality, taste heterogeneity exists in individuals' choices (Train,

2003).

The MXL model does not exhibit IIR restriction, allowing for unobserved heterogeneity. The
MXL is a flexible and computationally simple model that, according to McFadden and Train
(1997), can approximate any Random Utility Model (under an appropriate choice of variables
and mixing distribution). The advantages of the MXL model are that it allows for random taste
variation, unrestricted substitution patterns, and correlation in unobserved factors over time
(Train, 2003). Finally, MXL is an appropriate model to efficiently estimate repeated choices
made by the same customer as occurs in the DCEs presented in this study (Revelt & Train,

1998).

Following the estimation specification by (S¢asny et al., 2018), the MXL utility function takes

the form:

Unjt = ASCpje + B x Xpje +v(Yn — PRICEyj¢) + &njt, (1.1)

where Unjtis the indirect utility consumer n gets from alternative j of J available alternatives in
a choice set t, ASCyjt is the Alternative Specific Component, which captures all technology-
related characteristics other than those shown on the choice cards, and X.j is a vector of the
vehicles’ characteristics. The vector Xyt includes all the non-monetary attributes, including
policy attributes, plus the operating costs. For the first DCE, the vector Xy includes six
variables {COST, RANGE, NCHARGE, FCHARGE, WALLBOX, PARKING}. For the
second DCE, two more attributes are added in the vector Xujr {CAPPV, PRICEPY}, where

PRICE"Y represents the final price of PVs, including the amount of subsidy applied to it. Bis a



Methodology 36

vector of all the coefficients of the attributes included in X,j.. Note that all coefficients would
get the subscript n for all random factors in the MXL model.

In addition, Y. represents the income of consumer n, and v is the marginal utility of income. In
most specifications, I assume that PRICE,; in (1.1) represents the final purchase price of the

vehicle, including the amount of tax or subsidy applied to it, i.e. PRIC E,‘{ftH . However, in a

model presented in the Appendix (Appendix Table P), I assume that PRICE,,j; = PRIC EY ]EtH +

PRIC E,f]Vt Finally, €njtis the stochastic part of the utility.

To estimate the model, I use maximum likelihood techniques (S¢asny et al., 2018). Each
consumer n chooses the alternative j from J available alternatives in the choice set t if Upjt >
Unk, for all k #j. The probability that alternative j is chosen from a set of J alternatives is given

by the following probability function:

P = exp(ASCyje + BuXnje + ¥u( Yy — PRICE,;)) (1.2)
Z{<=1(Ascnkt + .Bankt + Vn(Yn - PRICEnkt))

Although there is no closed form of the probability function in (1.2) when applying a random
parameter logit model, it can be simulated by averaging over D draws from the assumed
distributions. I use 50 draws to simulate the probability function in (1.2). The simulated

loglikelihood function takes the form:

N T ]
InL = ZZZynktln(P(])) (1.3)

Where ynk: is a dummy taking the value 1 when the alternative is chosen in the choice set t, and
value 0 otherwise. The maximisation of the log-likelihood function in (1.3) gives the estimates
for the parameters of (1.1). Note that the number of alternatives differs for each DCE; thus, J
equals five or six (including the opt-out option) based on which DCE respondents are replying
to. Also, T differs among respondents since some of them respond to eight choice sets and

some others to 10 choice sets.
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To compare the results from CL and MXL, I calculate two model selection criteria, AIC and
BIC (Mohammed et al., 2015b). Akaike information criterion (AIC) is an in-sample fit that

estimates the likelihood of a model to predict or estimate future values calculated as:
AIC=-2* InL +2*k (2.1)

Bayesian information criterion (BIC) measures the trade-off between model fit and complexity

of the model, and it is calculated as follows:
BIC= -2* InL + 2* InN*k (2.2)

In equations 2.1 and 2.2, L is the value of the loglikelihood, N is the number of observations,
and k is the number of estimated parameters. Lower values of AIC or BIC indicate a better fit
of a model (Mohammed et al., 2015b). Finally, STATA software is used to estimate and test

all the models.®

4.4. Willingness to Pay

WTP is the maximum amount an individual is willing to give up to acquire a good or avoid a
bad (Varian, 1992, as cited in Greene et al., 2018). From respondents’ choices in choice sets,
it is possible to elicit consumers' preferences and derive consumers” WTP, which here means
the additional money someone is willing to pay for a vehicle to receive or enjoy an

improvement on a specific attribute (Merino, 2003).

WTP can be calculated either as the ratio (3.1) of the values of utility changes caused by a
specific attribute and the purchase price when everything else remains equal (ceteris paribus)
(Greene et al., 2018) or by directly estimating the model in WTP-space (Train & Weeks, 2005).
I calculate WTP using the first method, taking the ratio of an attribute's estimated coefficient

over the price's estimated coefficient (Greene et al., 2018) as:
dU = (0U/0Xk)dX«k + (dU/0p)dp, (3.1)

where U(X, p) is the indirect utility function of a respondent, X is the vector of k attributes,

and p is the price of vehicles (or price of PVs).

6 All the code used to analyse and estimate the data is provided in the attachment file.
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5 Data

5.1. Data collection

An original survey in Greek was created for the data collection. The survey was conducted
using the method of computer-assisted web self-interviewing (CASI) by the market research
agency ThreeSixtyOne, which is located in Athens, Greece, and is a member of ICC/ ESOMAR
(International Chamber of Commerce/ European Society for Opinion and Market Research). A
pilot survey was administered from 1st December 2023 to 11th December 2023, and the main
wave from 2nd February 2024 to 17th February 2024. The cost of the data collection was

covered by one of the research projects coordinated by the thesis supervisor, Milan S¢asny. ’

The survey aimed to elicit the preferences of Greek households for EVs and PVs. The target
population was Greek residents between 18 and 69 years old who intended to buy a passenger
car within the next three years. For the sample to be representative of the Greek population,
quota sampling based on the age, gender, education, and residence (region) of the participants
was set. The quota represents demographic statistics for car users in Greece, augmented by
10% to include potential car buyers who do not currently use a car, such as younger people.®

Appendix Table A presents the quota for the survey.

It is important to note that permanent residents of Greek islands were excluded from the target
population to avoid any complexity due to differences between the islands and the mainland,
deriving mainly from the peculiarities of the Greek energy system and geomorphology of the
country (Georgiou et al., 2011). Till 2019, 61 Greek islands were electrically autonomous and
characterised as Non-Interconnected Islands (NII). The connection of the NIIs (mainly

operating with coal, fuel oil or diesel, or completely with RES) to the grid of the mainland is

7 The data collection was funded by the Charles University Environment Center, and any request regarding the
data shall be directed to the supervisor, Dr. Milan Scasny.

8 As for the region, the quota used Eurostat information for NUTS 1,
https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/nuts.
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either under process or recently completed (IETO, n.d.; Vima, 2019). In addition, there is great
heterogeneity between the islands and the mainland, as well as among the islands (Katsoulakos,
2019). Differences exist in the permanent population, infrastructure, habits, lifestyle, shares
and potentials of energy sources, stability of energy system, and accessibility. Considering the
purpose of this study, all of the above could make the derivation of conclusions for potential

Greek car buyers and their preferences more challenging.

5.2. Survey Design

The survey consisted of seven sections. The structure was almost identical to a survey
conducted in the Czech Republic by S¢asny et al. (2023), with new sections added.’ First, two
screening questions identified respondents' suitability based on the survey’s target population.
Participants who intended to purchase a passenger car within the next three years and agreed

to the terms of participation were allowed to enter the survey.

The first section of the survey included questions about socio-demographic characteristics such
as age, gender, education, region, and town size. In the second section, the participants were
asked to provide information regarding their household's electricity and energy consumption
and PV installation. In the third and fourth sections of the survey, respondents replied to
questions related to the current car or cars they own and the car they intended to buy. For

example, questions about the price, category, age, fuel, and power of the car were asked.

The fifth section of the survey included the two DCEs. The design of these experiments is
explained in the Methodology section. The participants were provided with hypothetical choice
scenarios similar to those illustrated in Figure 4.1 and Figure 4.2 and were asked to choose
their preferred alternative. Prior to the DCEs, adequate information regarding the alternative
products (vehicles and PVs) and their attributes was presented to the respondents. Hence, all
the respondents had the same and sufficient knowledge to reply to the choice scenarios. Finally,

respondents were asked to provide information about the way they made choices.

In the sixth section of the survey, respondents replied to a few questions in the form of a 7

Likert rating scale regarding their beliefs, expectations, and motivations. Note that in order to

9 Survey’s structure follows a common order as suggested, for instance, by Bateman et al. (2002).
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limit as much as possible the length of the survey and thus the time required to be completed,
additional questions regarding the lifestyle, travel habits, and beliefs related to climate change
and the environment, which have been proven by literature to affect consumers preferences for
EVs, were not added in the survey. In the seventh and last section of the survey, respondents’
socioeconomic characteristics, such as their household type and income, were collected. At the

end of the questionnaire, all the respondents could write comments regarding the survey.

5.3. Sample and Observations

In total, a sample of 1,367 complete surveys were collected. After removing the speeders, the
final sample consisted of 1,311 valid observations. Note that a speeder is defined as someone
who spent at the survey less than 48% of the median time required as computed from all the
completed surveys (Mitchell, 2014). The average survey time for those who completed the
survey 1s 22 minutes and 22 seconds, while the median time is 17 minutes and 1 second. Thus,
56 participants who spent less than 8 minutes and 10 seconds to complete the survey were
removed from the final valid sample. Of 1,311 observations, 200 were collected from the pilot

study, while the rest, 1,111 observations, were collected during the main wave.

The purpose of the pilot data was to calculate the average and median survey time to allow for
the completion of the survey after the necessary number of surveys and to perform corrections
and changes in the survey and experimental design. Several changes were made after analysing
and testing the pilot data results. First, as described in the Methodology section, the levels of
the prices and subsidies of both cars and PVs were slightly changed to better represent reality.
Second, a question related to the preferred car brand was added to the survey. Third, after
noticing that the base price was significantly high and was largely affecting the initial prices
for EVs, the default prices based on the categories were lowered down, and the logarithm used
for the calculation of the base price was transformed to consider the differences between new
and used car prices. As a result, more realistic prices, which better represented the current
market situation, were presented to respondents in the main wave. Fourth, a mistake in the
design was identified and corrected. That mistake was that during the pilot, the driving range
for PHEVs appeared to the respondents to be equal to the CV range in all the hypothetical

scenarios.
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Due to these changes in the survey and DCEs design, it was important to identify the impact of
the pilot data in the final data and choose whether it would be included in the final sample used
for the analysis. The same estimations were performed both with and without the pilot data. In
addition, the final data was estimated by adding interactions between a dummy for pilot data
with the car price, the CV range, and the PV price (Appendix Table B). The results show that
pilot data affect the coefficients of the attributes and their statistical significance. First, as was
expected, the CV range is greatly affected by the pilot data (due to the mistake in the pilot's
design). Also, when the pilot data is included in the sample, the share of people choosing BEVs
(with and without PVs) is much higher than expected due to very high initial prices and high
subsidies for PVs and EVs in the pilot design. Therefore, pilot data, 200 respondents, was

removed from the estimation of the main effects of this study.

In addition, an exploration of the impact of luxury cars, which can be considerably more
expensive than others, was performed. Luxury cars are defined as those which receive a base
price above €50,000. Estimations were run again, both with and without luxury cars. The data
was estimated by adding to the model an interaction between the car price and a dummy for
luxury cars (Appendix Table B). Results indicate that the preferences of respondents who were
considering buying a luxury car differ. The absence of luxury cars slightly improves the
estimated coefficients. Also, the results show that the interaction between car prices and luxury
cars is positive and statistically significant. Finally, there are only 35 respondents who intend
to plan a luxury car. Therefore, these respondents were removed from the final sample used for

the analysis.

After removing the speeders, pilot data, and those who intend to buy a car with a price higher
than €50,000 (luxury car), the final sample used to estimate the main effects includes 1,076
respondents. Data from DCEs need to be reshaped (P’erez-Troncoso, 2020). By transforming
the dataset from wide-shape to long-shape, the available final total number of observations is
59,616, that is, the number of respondents multiplied by the number of choice tasks multiplied

by the number of alternatives in each choice task.

5.4. Descriptive Statistics
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5.4.1. Socio-Demographic Characteristics

Table 5.1 contains the descriptive statistics of the final sample used for the estimation of the
main effects, which consists of 1,079 respondents after excluding speeders, pilot data and
respondents who plan to buy a car for more than €50,000. The representativeness of the sample
was tested with a one-sided t-test for equal means to test the statistical equality of the final
sample and the quota set for the target population (Appendix Table C)!°. The results do not
indicate that the means of variables are equal to the quota. Nevertheless, the sample’s
representativeness of the target population for all variables (gender, age, education, region) is

accurate at a level between -3.25% and 2.13%.

The sample consists of 523 male respondents and 553 female respondents. The younger
respondents, between 18 and 34 years old, are 30% of the sample, while older respondents,
between 50 and 65 years old, are 37% of the sample. I separate the highest level of education
respondents have attained into two groups: basic education, which includes all levels of
education up to secondary, and higher education, which includes those who have at least
received a bachelor's university degree. Sixty seven percent of the sample have attained basic
education (up to secondary), and 34% have obtained a higher education degree. About 46% of
the respondents live in Attica, 31% live in North Greece, and 23% live in Central Greece. More
than 75% of the respondents live in urban areas. Specifically, 33.64% of the sample live in
metropolitan cities with more than 500 thousand residents (Athens or Thessaloniki), and
41.45% of the sample live in big cities with more than 50 thousand residents. On the other
hand, 17% of the respondents live in small towns or big villages with 10-50 thousand residents,

and only 8% live in rural areas.

Table 5.1: Summary of respondents’ socio-demographic characteristics.

Demographic Characteristics (N=1,076) Frequency Percentage
Gender
Male 523 48.61%
Female 553 51.39%
Age
Young (18-34) 322 29.93%
Middle age (35-49) 357 33.18%
Older (50-65) 397 36.90%

10 Tests for the representativeness of the sample did not exclude those who plan to buy a luxury car.
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Education
Basic (Up to Secondary) 721 67.01%
Higher 355 32.99%
Region
Attica 491 45.63%
North Greece 337 31.32%
Central Greece 248 23.05%
Town
Metropolitan Area (>500K) 362 33.64%
Big city (>50K) 446 41.45%
Small town/ Big Village(10-50K) 183 17.01%
Rural (<10K) 85 7.90%
Monthly Household Income
Less than 500€ 35 3.63%
501€- 1000€ 184 18.03%
1001€- 1500€ 255 23.70%
1501€- 2500€ 297 27.32%
2501€ - 4000€ 155 14.41%
More than 4000€ 34 2.42%
Household Size (People living in the household)
1 member 71 6.60%
2 members 272 25.28%
3 members 312 29.00%
4 members 287 26.67%
More than 5 members 134 12.45%
Number of Kids in the Family (N=1,005)
Families with no kids 517 51.18%
Families with 1 kid 268 26.94%
Families with 2 kids 167 16.82%
Families with more than 3 kids 53 5.28%
Type of House
Family house-detached house 356 33.09%
Family house-semi-detached house 135 12.55%
Family villa with separate apartments 33 3.07%
Apartment building with less than 10 apartments 310 28.81%
Apartment building with more than 10 apartments 233 21.65%
Other 9 0.84%

Regarding the households the respondents live in, more than 60% are located in the city centre
or the wider city centre. In addition, 33% of the respondents live in family house-detached
houses, 13% live in semi-detached houses (a house with two separate apartments), and about
50% of the respondents live in apartment buildings. In addition, 51% of the respondents are
owners of their households, and 29% of the respondents rent their houses. More specifically,

almost 80% of those living in detached or semi-detached houses stated that those or other



Data 44

members of their families own the house. In comparison, nearly 60%. of those living in

apartment buildings own their house.

About 80% of the respondents live in families consisting of two, three or four members, and
more than 50% of all families (with two or more members) are childless. Moreover, about 52%
of the respondents are employees for more than 30 hours per week, about 15% are self-
employed, about 9% are students, and merely 5% are retired. Respondents were asked to
provide information regarding the total net monthly income of the entire household they live
in from all sources after the deduction of taxes and levies. About 18% of households gain
between €500 and €1,000 per month, 24% of households gain between €1,000 and €1,500 per
month, 27% of households gain between €1,500 and €2,500 per month, and 14% of households
gain between €2,500 and €4,000 per month. Finally, almost 2% of households gain more than
€4,000 per month, while 4% of households gain less than €500 per month.

5.4.2. Energy and PVs

In addition, I present the information that was collected regarding energy sources and PVs. The
findings about the energy sources are illustrated in Figure 5.1 and Figure 5.2. The respondents
were asked to choose all the energy sources used to cover all the energy needs of their
households and for heating alone. In both cases, electricity and heating oil are the prevalent
sources of energy. Natural gas and wood also have a high share in the energy needs of
households, with almost 19% of the households using natural gas and 19% of the households

using wood, among other energy sources, for heating their houses.

In addition, almost 23% of households use solar energy for their energy needs, but merely 9%
of them use solar energy for heating. Interestingly, only 2 households, 0.19% of the sample,
stated that solar energy is the only energy source their households use. Finally, 24% of
respondents stated that their households use merely electricity, while about 11% of the

households use only heating oil, and 9% of the households use only natural gas for heating.

The results indicate that only 9% of the respondents have already installed PVs; of those, almost
38% received the subsidy "PVs on the roof", while an impressive share of them, 24%, are
unaware of the subsidy. About 40% of the respondents who already owned PVs believe that
their installed capacity is adequate for charging an EV in the future. In comparison, about 35%

of them answered that they do not know if the installed capacity could be enough for this
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purpose. Less than half of the respondents, 43%, who have installed PVs have also installed a
BES. It is important to mention that almost 63% of the respondents who had received the

subsidy applied for it before April 2023, when the installation of BES became obligatory.

0.65%
4.18%

17.75%
22.96%

39.31%
19.42%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
H Wind M Heat Pumps Wood (cord wood and wood pellets)
M Solar Energy B Geothermal Energy M Kerosene
B LPG/Propane M Heating Oil Natural Gas

M Electricity
Figure 5.1: Share of households that use a particular type of energy for any purpose; multiple answers
were possible (N=1,076).

0.37%
4.65%

19.05%

40.52%

18.59%

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00%

B Wind M Heat Pumps Wood (cord wood and wood pellets)
m Solar Energy W Geothermal Energy MW Kerosene

W LPG/Propane M Heating Oil Natural Gas

M Electricity

Figure 5.2: Share of households that use a particular type of energy for heating; multiple answers were
possible (N=1,076).
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On the other hand, 91% of the respondents have not installed PVs. Of those, about 28% stated
that they intend to install PVs in the future, and 27% do not intend to install PVs, while a large
share of them, 46%, are uncertain. About 40% of the respondents who are positive or unsure
about a future PV installation are thinking of installing PVs in the next two to four years.
Interestingly, more than 50% of these respondents who have not yet installed PVs are not aware
of the subsidy "PVs on the roof". However, 54% of those respondents who are aware of the

subsidy were thinking of applying for the subsidy.

Table 5.2. Summary of descriptive statistics regarding PVs.

PV buyers’ information Frequency Percentage
Have you installed solar panels in your household (e.g. (N=1,076)
terrace/roof)?

Yes 101 9.39%

No 976 90.61%

Those who have already installed PVs:

Is the capacity of the installed solar panels on your roof (N=101)

enough to charge an EV in the future?
Yes 40 39.60%
No 25 24.75%
I don’t know 36 35.64%

What is the total capacity of the installed solar panels in (N=101)

your household?
<0.5 kWp 7 6.93%
0.5-1 kWp 10 9.90%
1-2 kWp 21 20.79%
2-3 kWp 12 11.88%
3-5kWp 9 8.91%
>5 kWp 6 5.94%
I don’t know 36 35.64%

When did you install the solar panels in your household? (N=101)
In 2023 10 9.90%
In 2022 10 9.90%
In 2021 17 16.83%
In 2020 11 10.89%
In 2019 13 12.87%
Before 2019 30 29.70%
I 'am not sure 10 9.90%

Do you have a battery storage system installed in your (N=101)

household?
Yes 43 42.57%
No 43 42.57%

I don’t know 15 14.85%
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Did you use the “PVs on the roof” subsidy for installing (N=101)
solar panels?
Yes 35 34.65%
No 29 28.71%
No, and I am not aware of this subsidy 26 25.74%
I don’t know 11 10.89%
When did you apply for the “PVs on the roof” subsidy? (N=35)
After April 2023 8 22.86%
Before April 2023 22 62.86%
I am not sure. 5 14.29%
What do you do with the energy you produce? (N=101)
I consume all the energy produced for the energy needs of 65 64.36%
my household.
I sell all the energy produced back to the grid. 16 15.84%
I use only a part of the energy produced and I return the 20 19.80%
rest back to the grid (Net-Metering Program).
Those who haven't installed PVs yet:
Are you intending to install solar panels in your household (N=975)
in the future?
Yes 271 27.79%
No 259 26.56%
I don’t know 445 45.64%
When are you thinking of installing solar panels in your (N=716)
household?
Within next year 50 6.98%
In 2 years 141 19.69%
In 3-4 years 139 19.41%
In 5-7 years 51 7.12%
Later than 8 years 24 3.35%
I don’t know 311 43.44%
Are you aware of the “PVs on the roof” subsidy? (N=716)
Yes 237 33.10%
No 367 51.26%
I am not sure 112 15.64%
Are you thinking of applying for the subsidy “PVs on the (N=237)
roof” in order to install solar panels on the roof of your
household?
Yes 128 54.01%
No 22 9.28%
I don’t know 87 36.71%
What are you planning to do with the energy you will (N=716)
produce?
I will consume all the energy produced for the energy 351 49.02%
needs of my household.
I will sell all the energy produced back to the grid. 49 6.84%
I will use only a part of the energy produced and return the
rest to the grid (Net-Metering Program). 316 44.13%
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Furthermore, the respondents were asked to provide information about their motivation to
install PVs or the reasons they would not invest in this technology. Those who already owned
PVs had to choose the prevalent motivation to install PVs. The results showed that more than
50% of the respondents installed PVs to save money, while the main motivation of about 24%
was that PVs are considered environmentally friendly. Those who still needed to install PVs
could give multiple answers regarding their motivation. In the case when respondents were
positive or uncertain about future PV installation, the results are illustrated in Figure 5.3. It is
obvious that economic reasons overcome environmental benefits since 85% of the respondents
are considering the installation of PVs in order to save money, and 36% believe that they could
also earn money by selling the produced electricity. Nevertheless, more than 50% of the
respondents stated that the possible environmental benefits of PVs consist of a reason why they

would invest in the technology.

Similarly, those who were negative or uncertain about a future PV installation were asked to
provide all the reasons why they would not install PVs in their households (Table 5.4). As
expected, the majority of respondents, about 57% of them, stated that PV installation has a high
initial investment cost. The second and third most important reasons preventing them from
installing PVs are the lack of adequate space and technical difficulties. Finally, a considerable
12% of the respondents stated that they did not have enough knowledge or trust in the
technology. Still, only 2% think that PVs are associated with high pollution during

manufacturing.

They are environmentally friendly. _
| could earn money by selling the... _
They need low maintenance. -
]

I don't know

Figure 5.3: Share of respondents who would install solar panels for the particular reason; multiple
answers were possible (N=716).
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It is not technically possible in the... _
Not enough knowledge/trust about... _
| will have to install Battery Energy... -
My energy consumption is low. -
Other -
Not enough sunlight l
[

It is associated with high pollution in...

| am not sure .

Figure 5.4: Share of respondents who would not install solar panels for the particular reason; multiple
answers were possible (N=704).

5.4.3. Potential Car Buyers Profile

Of'the available sample, only 107 respondents stated that they currently have no driver’s license
and 83% of those replied that another member of the household drives. Overall, about 19% of
the respondents are the main drivers in their households since no other members of the
household drive a car. The majority of households own only one or two vehicles. Specifically,
52% of the households own only one vehicle, and 35% of the households own two cars. Also,
8% of the households do not currently own a car. Thus, the vehicle they are considering buying
in the next three years, which is the focus of this study, will be the family's first vehicle. Finally,

merely 5% of the households have a family fleet size of three or more vehicles.

For comparison, it is interesting to have information about both respondents' current vehicles
and the future vehicles they are considering buying. Therefore, all respondents, except for those
who do not currently own a car, were asked to provide information about the vehicles their
households currently own. In case they own more than one vehicle, they were asked to consider
the one they use more often. The average year of purchase for the current cars was 2013, while
the average year of manufacture was 2010. Fifty one percent of the respondents stated that the
vehicle they already own was purchased as new, and 47% of them bought a used car. In
addition, respondents were asked how many km had driven in the last 12 months. About 70%

of them stated that they had driven up to 10,000 km in a year (about 626 - 833 km per month).
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Respondents also had to provide information about the category of their vehicles. For analysis
purposes, the 14 categories of different cars from which respondents could choose were
separated into three groups based on their size. The car categories class A and B, SUV B, and
MPV B comprise the group of small cars. The car categories class C and D, along with SUV
C, comprise the group of medium cars. Finally, car categories class E and F/G, sports vehicles,
SUV D and SUV E, MPV E, and pick-up cars comprise the group of large cars. More than 70%
of the respondents own a car from class B, C, or D. Based on the car size, 43% of the

respondents currently own small cars, 48% own medium cars, and 8% own large cars.

Regarding the price of the current vehicle, almost 35% of the households paid between €2,500
and €10,000 for the purchase of their car. A large group of respondents, 12%, paid between
€12,000 and €15,000, and 11% paid between €10,000 and €15,000. Of course, the price
depends on the car's size and whether it is new or used. For example, almost 90% of the newly
purchased vehicles’ price was between €7,500 and €35,000, while nearly 90% of the used

vehicles’ price was lower than €15,000.

Furthermore, the information regarding the fuel or alternative drive of the vehicles respondents
currently own confirms the low uptake of EVs from Greek consumers. Respondents could
choose more than one answer regarding the types of fuels. As expected, the share of petrol and
diesel cars is significantly higher than all the other types of fuels and alternative drives.
Specifically, 80% of respondents answered that they use petrol, 11% use diesel, 3% use CNG,
and 5% use LPG. On the other hand, the shares of EVs are below 1% for each case. Specifically,
8 households use mild-hybrid vehicles, 7 of them use HEVs, 1 of them uses PHEV, and 2 of
them use BEV. Finally, as stated by respondents, the average fuel consumption for petrol and
diesel cars is 8.84 litres per 100 km. There are no adequate observations to make any
conclusions regarding the consumption of vehicles using natural gas (8 observations) or

electricity (1 observation).

In addition, it is essential to look at the characteristics that consumers want their future vehicles
to have. To begin with, almost 39% of the respondents are considering buying a new car and
40% a used car, while 21% have yet to decide. In addition, more than 50% of respondents are
considering replacing the old vehicle with a new one. Small and medium cars are the preferred
size for 48% and 45% of the respondents, respectively. Similar to the driving habits respondents
already have, the majority of them, 67%, are expecting to drive up to 10,000 km per year.

Moreover, 65% would like to purchase a vehicle with an engine capacity between 1 and 1.8
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thousand cc. However, a large share of them, 17%, still need to decide the engine capacity they

would prefer.

The respondents' preferences regarding the fuel or alternative drive of their future cars differ
from those they currently own. Although petrol remains the prevalent type of fuel, there is a
significant increase in all other fuels and alternative drives. About 24% are considering buying
a diesel vehicle, and almost 16% of them are considering a car that uses CNG. Most
importantly, around 37% of respondents are at least considering a type of EV for their next

purchase, with 6% of the respondents considering buying a BEV.

Respondents chose the preferred price of the future vehicle based on whether they are
considering buying a new or used car. The detailed statistics are available in Table 5.3. More
than 75% of the respondents who want a new vehicle prefer a price between €12,500 and
€30,000. Meanwhile, about 75% of those who want to purchase a used car (or are still uncertain

whether they want a new or used car) prefer a price between €1,200 and €15,000.

Moreover, respondents chose all the characteristics their future vehicles would like to have in
comparison to those they already own. Their answers are illustrated in Figure 5.5. It is not a
surprise that over 50% of them want their new vehicle to be more economical and have less
fuel consumption than the old one. The next more desired car characteristics are safety, better
equipment, eco-friendliness, and reliability. Interestingly, about 20% of the respondents would

like to have a car that is more or less the same as the one they already own.

more economical and have less fuel...
safer.

better equipped (electronics, air...

.
S mw
S s
more ecological. _
more reliable (less faulty). _
more or less the same as the car we... _
more powerful. _
smaller. _
faster. -
U
|

more luxurious.

other.

Figure 5.5: Share of respondents who want the particular characteristic for their next vehicle; multiple
answers were possible (N=1,076).
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Finally, I provide a brief insight into respondents' beliefs, expectations, and motivations, as
stated through questions on a 7-point Likert rating scale. First, although the majority of
respondents, 88%, trusted that the information provided in the survey regarding EVs and PVs
is real, their trust in the application of the policies presented, especially on subsidies and free
parking, is ambiguous. Second, respondents were asked how likely it is that they will buy an
EV the next time they buy a car. The results indicate that there is strong heterogeneity in their
responses. Notwithstanding, more than 50% of the respondents assigned a likelihood of a future
EV purchase on a scale between 4 and 6, showing that Greek consumers might be positive
towards EVs but still reluctant. Third, Greek consumers tend to believe that if they purchase
an EV, it is likely that they will contribute to reducing dependence on oil imports and to better
air quality in the country and will support the development of new technologies. Last but not
least, more than 85% of the respondents strongly agree that a sufficient network of public
charging stations in Greece, more choices between EVs with different features, and a similar
number of service points for EVs, as there is for CVs, would make it easier to choose an EV.
On the contrary, as expected, the worsening of the financial situation of consumers or the

increase in EV prices can prevent them from buying an EV.

Table 5.3: Summary of potential car buyers’ characteristics and preferences.

Car Byers Profile (N=1,076) Frequency Percentage
Family Fleet Size

0 78 7.25%
1 575 53.44%
2 373 34.67%
3 and more 50 4.64%
New or Used Vehicle

New 419 38.94%
Used 424 39.41%
I don’t know yet 233 21.65%
Replace old vehicle or not

Use the new car along with the old car. 363 36.37%
Replace the old car with the new car. 551 55.21%
I don’t know yet 84 8.42%
Size of Car (Based on the Category)

Small 514 47.77%
Medium 485 45.07%
Large 77 7.16%
Type of Fuel or Alternative Drive

Benzine 628 54.18%

Diesel 282 24.33%
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Natural gas (CNG)

Liquefied Petroleum Gas (LPG)

Biofuels (e.g. E85)
BEV

Mild-Hybrid

HEV

PHEV

Hydrogen

I don’t know

Expected km Driven per Year
Up to 5 thousand km

5-10 thousand km
10-20 thousand km

More than 20 thousand km

I don’t know
Engine Capacity
Less than 1000cc
1,000 — 1,199 cc
1,200 — 1,399 cc
1,400 — 1,599 cc
1,600 — 1,799 cc
1,800-1,999 cc
2,000 and more

I don't know yet
Price of the Car
New Cars

Less than 10000 €
10001 €- 12500 €
12501 €- 15000 €
15001 €- 17500 €
17501 €- 20000 €
20001 €- 25000 €
25001 € 30000 €
30001€ -50000€
More than 50000 €
I don’t know
Price of the car
Used Cars

Less than 1200 €
1201 €- 2500 €
2501 €- 4000 €
4001 €- 7500 €
7501 €- 10000 €
10001 €- 12500 €
12501 € 15000 €
15001 €- 17500 €
17501 €- 20000€
20001 €- 25000 €
25001 €- 30000 €
More than 30000 €
I don’t know

173
66

73
178
102
67
13
109

476
249
167
42

142

32
188
272
203
116
47
37
181

(N=419)
16
37
70
49
64
80
59
37
0
7

(N=657)
6
45
100
132
98
67
57
30
36
28
11
12
35

14.93%
5.69%
0.78%
6.30%
15.36%
8.80%
5.78%
1.12%
9.40%

44.24%
23.14%
15.52%
3.91%

13.20%

2.97%
17.47%
25.28%
18.87%
10.78%
4.37%
3.06%
16.82%

3.82%
8.83%
16.71%
11.69%
15.27%
19.09%
14.08%
8.83%
0.00%
1.67%

0.91%
6.85%
15.22%
20.09%
14.92%
10.2%
8.68%
4.57%
5.48%
4.26%
1.67%
1.83%
5.33%



Results 54

6 Results

6.1. Tendency of Greek Consumers

To begin with, I will comment on the overall tendency of Greek consumers towards different
car technologies. Table 6.1 summarises the variable choice, which is the dependent variable of
the estimations. Variable choice is binary, taking the value 1 if the respondent chose the specific
alternative and 0 if otherwise. As expected, CV is the alternative chosen most often. However,
the second most preferred option is the BEV. HEVs and PHEVs follow, indicating consumers
might be more reluctant towards these two technologies. By offering one more alternative to
respondents, that of BEV's combined with PVs, a share of respondents who would choose CVs,
HEVs or PHEVs move towards BEVs. As a result, BEVs are becoming the most preferred
option. Indeed, by adding the shares for BEVs from both alternatives (with and without PVs),

I conclude that Greek consumers prefer BEVs over CVs.

Table 6.1: How often given alternative was chosen (in percentages).

choice altl CV alt2 HV alt3 PHEV  alt4 BEV alts alt6 opt-out
BEV+PV

All data 293 17.1 16.9 21.1 16.0 6.3

DCE1 31.6 18.8 18.7 24.6 6.3

DCE 2 27.7 15.8 15.5 18.6 16.0 6.3

DCE 1 includes only data from the first DCE with no PV installation available, while DCE 2 includes only data from
the second DCE, where a fifth variable with PV installation is added. The sum across the rows equals naturally to
100%.

After completing their choices in DCEs, respondents replied about how they made their choices
and how important the attributes were for them when choosing. Fifty-seven percent of the
respondents chose based on several car attributes, while 30% of respondents made choices

based on one car attribute. In addition, 10% of them replied that important features of the cars
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were missing, making it impossible for them to make a realistic choice. Finally, only 3% of
them stated that they chose randomly. Figure 6.1 below provides a preliminary overview of the
importance of the attributes as stated by respondents. Note that they had to choose the level of
importance on a 7 Likert rating scale, where 1 means that the attribute is not important at all,

and 7 means that the attribute is very important.

Overall, all the attributes included in the experiment are important for consumers since more
than 20% of respondents replied that each one of the attributes was very important, assigning
them a scale of 7. Respondents assigned great importance to monetary attributes such as the
price of cars and PVs, subsidies and taxation, and operating costs. Car-related monetary
attributes play a more critical role for consumers in their choices than PV-related, with 57%
considering the car's purchase price very important and 37% considering the car subsidy or
taxation very important. On the other hand, only about 28% and 23% consider the final price
of PVs and the subsidy for PVs very important, respectively. Both fast and normal charging
times are less important for consumers than other car attributes. Finally, the two policies, free
parking and wallbox subsidy, show the biggest heterogeneity of preferences among all car-

related attributes.

7 31.69%

6 16.54%

5 16.73%

a 13.29%

3 6.78%

2 5.30%

1 9.67%
W PVs capacity m PVs final price  PVs subsidy

Free Parking m Subsidy for the purchase of wallbox = Fast charging- time

m Normal charging - time m Driving range (in km) = Average operating costs per year
= Final purchase price of the car m Car subsidy or tax

Figure 6.1: Importance of attributes for respondents when making choices in the DCEs.
Note: Percentages represent the share of respondents who assigned a specific level of importance to each
attribute. 1 = not important at all, 7 = very important. N=1,076 for all attributes except for PV-related
attributes, for which N=1,036.
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6.2. Main Effects and WTP

Table 6.2 summarises the values of all the attributes used in the following estimations of the
main effects. It shows each attribute's average, standard deviation, minimum, and maximum
values. To provide more information, Table 6.3 illustrates the values of the car purchase prices
presented to the respondents through the DCEs based on each alternative and whether the car

respondents consider purchasing is new or used.

Table 6.2: Summary of attributes' values presented to respondents on the choice cards in both DCE

experiments.

Attribute Mean Std. Dev. Min Max
Range petrol/diesel (100 km) 7.293 1.124 6 10
Range electric PHEV (100 km) 0.877 0.279 0.5 1.25
Range electric BEV (100 km) 4.711 1.712 2 10
Normal Charging time (h) 4.882 32.879 0.5 10
Fast Charging time (min) 38.785 15.227 20 60
Wallbox subsidy (dummy) 0.230 0.421 0 1
Free parking (dummy) 0.231 0.422 0 1
PVs capacity (kWp) 6.768 4.563 3 10
PV price (1,000 EUR) 6.768 4.563 1.5 18
Operating costs (EUR/ 100 km) 14.971 9.219 2 40
Car price (1,000 EUR) 22.185 12.081 1.4 74.4

Data excluding speeders, pilot data, and respondents who plan to buy a luxury car.
Respondents=1,076 and choice scenarios = 10,680.

Table 6.3: Descriptive statistics of the car purchase price presented to respondents through DCEs based
on new/used cars and the available alternatives.

Car price (1,000 EUR) Obs. Mean Std. Min Max
Dev.

New All 18,924 28.457 12.135 7 74
cv 4,140 28.278 10.990 9 60
HV 4,140 29.206 11.568 9 63
PHEV 4,140 30.516 13.538 8 74
BEV 4,140 26.775 12.045 7 69
BEV + PV 2,364 26.802 11.919 7 69

Used All 30,012 18.230 10.231 1 74
CvV 6,540 18.120 9.562 2 60
HV 6,540 18.740 10.033 2 63
PHEV 6,540 19.638 11.168 2 74
BEV 6,540 17.107 10.005 1 69
BEV + PV 3,852 17.062 10.024 1 69

ALL All 48,936 22.185 12.081 1. 74.4
CvV 10,680 22.058 11.283 2 60
HV 10,680 22.797 11.811 2 63
PHEV 10,680 23.855 13.247 2 74
BEV 10,680 20.855 11.820 1 69
BEV + PV 6,216 20.767 11.774 1 69

Data excluding speeders, pilot data, and respondents who plan to buy a luxury car,
respondents=1,076, observations=59,616. Note that for those who replied “I don’t know” to

the question about new/used cars, their choice was treated as a used car.
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Below, I interpret the estimation results for a sample of 1,076 respondents. I estimate CV and
MXL models for three different groups of the final sample. First, I estimate all the final data
from both DCEs, which include all the respondents and 59,616 total observations. Then, I
estimate respondents’ preferences based only on the first DCE, which consists of all
respondents but only 22,320 observations. Finally, I use data only from the second DCE, which
includes 37,296 observations from 1,036 respondents who answered both experiments (40
respondents are excluded, who already own PVs and consider the capacity of their PV systems
adequate to charge an EV and thus did not receive the second DCE). The results of CL and
MXL are illustrated in Table 6.4 and Table 6.5, respectively. The results show that MXL has
lower AIC and BIC measures, allowing us to conclude that MXL is a better model than CL for
estimating consumers' preferences for EVs. Finally, Table 6.6 presents the WTP for 1 extra
unit of a specific attribute as calculated by the estimates of the MXL model. A positive sign in
WTP means that consumers would pay more for a car to enjoy the increase of 1 unit related to
an attribute, while a negative sign means they would pay less for a car if they had to experience

an increase of 1 unit related to an attribute.

Table 6.4: Estimation results of the CL model.

All data DCE | DCE 2
Estimates (s.e.) Estimates (s.e.) Estimates (s.e.)
Car Purchase Price (1,000 €) -0.025%** -0.025%** -0.025%**
(0.003) (0.004) (0.004)
Conventional 2.209%¥* 2.202%** 2.247%%%*
(0.182) (0.210) 0.217)
Hybrid 1.663%%* 1.661%%* 1.69 1%
(0.186) 0.214) 0.217)
Plug-in Hybrid 1.556%%* 1.608%%** 1.522%%%
(0.200) (0.237) (0.241)
Battery Electric 1.685%** 1.91 1 %%* 1.535%%*
(0.184) (0.227) (0.206)
Battery Electric + PVs 1.624%** 1.524%**
(0.204) (0.223)
Range — CV (100 km) 0.025%* 0.046%* 0.007
(0.012) (0.017) (0.017)
Range - electric (PHEV) (100 km) -0.079 -0.168 0.001
(0.085) (0.129) (0.116)
Range - electric (BEV) (100 km) 0.014 0.018 0.013
(0.016) (0.026) (0.018)
Normal Charging time (h) 0.001 0.006 -0.002
(0.008) (0.015) (0.009)
Fast Charging time (min) 0.000 -0.002 0.001
(0.001) (0.002) (0.001)
Wallbox subsidy 0.174%%* 0.180%** 0.167%%*
(0.033) (0.053) (0.040)
Free Parking 0.049%* 0.053 0.050
(0.028) (0.044) (0.036)
PVs capacity (kWp) -0.025 -0.023

(0.018) (0.018)
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PV price (1,000 €) -0.001 -0.001
(0.010) (0.010)
Operating costs (€/100 km) -0.009%#*%* -0.011%%=* -0.008%**
(0.002) (0.004) (0.002)
Model Diagnostics
LL start -17,365.248 -6,709.4169 -10,638.217
LL at convergence -17,279.091 -6,674.434 -10,593.739
Wald chi2(n) 340.22 293.13 262.50
Prob > chi2 0.000 0.000 0.000
Pseudo R"2 0.0569 0.0710 0.0488
AIC/n 34,590.18 13,374.87 21,219.48
BIC/n 34,734.11 13,479.04 21,355.91
Observations 59,616 22,320 37,296
Respondents 1,076 1,076 1,036
Parameters 16 13 16

Note: *, **, and *** represent coefficients significantly different from zero at the 0.1, 0.05, and 0.01 significance
levels, respectively. Standard errors are provided in the parentheses. DCE 1 includes only data from the first DCE
with no PV installation available, while DCE 2 includes only data from the second DCE, where a fifth alternative
with PV installation is added. Range - CV = the driving range for petrol or diesel (CV, HEV, PHEV). Blank

spaces are shown when there are no estimates for the corresponding attribute.

All ASC estimates for all data groups have the expected positive sign and are statistically
significant at a 1% significance level. In the CL model, CV is the prevalent alternative, while
BEV, HEV, and the BEV combined with PVs follow with only minor differences among
them.!' On the other hand, in the MXL model, BEV combined with PV installation and PHEV
are the prevalent alternatives, while BEV and CV follow with slight differences. The results
show that the least preferred option is HEV. The two BEV alternatives combined (with and
without PVs) show that BEV technology is the most preferred. Respondents are willing to pay
about €64,000 for a PHEV, €62,000 for purchasing a BEV along with PVs, €60,000 for a BEV
alone, €57,000 for a CV, and only €48,000 for an HEV, to enjoy the same level of utility. It is
also interesting to observe the results for the two DCEs separately. When a fifth alternative of
BEV and PVs is added, the WTP for BEV alone and CV is decreased by almost €10,000. In
the case of the second DCE, respondents are willing to pay even about €65,000 for a
combination of BEVs with PVs. To obtain the same level of utility, they are willing to pay
almost 8.5, 12.5, 17.5, and 21 thousand euros less for a BEV, CV, PHEV and HEV,

respectively.

' See Appendix Table D for results from Wald test testing the statistical equality of the ASC estimates of CL.
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In addition, price and operating costs have the expected negative sign, and they are statistically
significant in all models and for all groups of data estimated. The latter agrees with the available
literature, arguing that economic reasons are significant for respondents when deciding about
their next car purchase. Thus, the likelihood of choosing a vehicle decreases when the purchase
price or operating costs increase. The coefficient of the car price is estimated to be equal to -

0.025 for the CL model and varies between -0.040 and -0.043 for the MXL model.

The operating costs have a coefficient between -0.008 and -0.011 for the CL model and
between -0.017 and -0.021 for the MXL model. The latter can be translated into WTP, as
presented in Table 6.6. Consumers are willing to pay about €420 to €500 less to purchase a
vehicle if there is an increase in the operating costs of €1 per 100 km. Consumers seem to
assign more importance to operating costs if a hypothetical alternative offering a BEV and PVs
is available since they could charge their vehicle at home, reducing the related operating costs.
WTP for the operating costs is not much higher than the WTP Danielis (2020) found (€300.40)

for Italian consumers for a €1 per 100 km reduction in operating costs.

Table 6.5: Estimation results of the MXL model.

All data DCE 1 DCE 2
Mean Std. dev. Mean (s.e.) Std. dev. Mean (s.e.) Std. dev.
(s.e.) (s.e.) (s.e.) (s.e.)
Car Purchase Price -0.041%** -0.040%%** -0.043%%*
(1,000 €) (0.003) (0.005) (0.004)
Conventional 2.314%%* 3.102%%* 2.541%%* 3.093%%* 2.248%%% 3.818%**
(0.192) (0.105) (0.303) (0.184) (0.290) (0.175)
Hybrid 1.946%** 2.404%** 1.792%%* 2.436%** 1.878%%* 2.714%%*
(0.187) (0.094) (0.305) (0.170) 0.277) (0.181)
Plug-in Hybrid 2.625%%% 0.74]1%%* 2.124%%* 1.939%%* 2.034%%* 1.483%%*
(0.202) (0.090) (0.356) (0.185) (0.303) (0.159)
Battery Electric 2.439%%% 1.279%%* 2.659%** 1.815%%* 2.423%%% 1.635%%*
(0.156) (0.090) (0.344) (0.218) 0.211) (0.121)
Battery Electric + PVs 2.520%%* -1.113%%* 2.788%%* -0.047
(0.197) (0.099) (0.238) (0.150)
Range — CV (100 km) -0.013 0.240%** 0.037 0.128%%* -0.026 0.248%**
(0.019) (0.010) (0.029) (0.022) (0.028) (0.016)
Range - electric -0.202 -0.866%** -0.115 -0.598% %% 0.296* -0.076
(PHEV) (100 km) (0.134) (0.105) (0.219) (0.201) (0.178) (0.273)
Range - electric (BEV) -0.043%* 0.241%%* -0.013 -0.002 -0.083%%** 0.294%%*
(100 km) (0.019) (0.016) (0.040) (0.039) (0.029) (0.030)
Normal Charging time -0.036%**  (.183%** -0.089%%** -0.291%%** -0.061%*%** 0.218%**
(h) (0.012) (0.012) (0.032) (0.039) (0.017) (0.018)
Fast Charging time 0.000 0.010%%*=* -0.004 -0.011%%** 0.001 -0.003
(min) (0.002) (0.002) (0.004) (0.003) (0.002) (0.002)
Wallbox subsidy 0.202%%* 0.235%%* 0.201%** -0.293 0.203%** -0.278%%*
(0.041) (0.066) (0.085) (0.325) (0.053) (0.093)
Free Parking 0.049 0.043 -0.0430 -0.697%%* 0.044 -0.350%**
(0.038) (0.061) (0.077) (0.136) (0.053) (0.090)
PVs capacity (kWp) -0.012 -0.015 -0.029 -0.113%%*
(0.023) (0.013) (0.028) (0.024)

PV price (1,000 €) -0.012 0.013 -0.020 0.051%**
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(0.013) (0.012) (0.015) (0.018)

Operating costs (€/100 -0.019*%**  0.008*%** -0.017%%* 0.024 -0.021%%* -0.005

km) (0.003) (0.003) (0.006) (0.015) (0.004) (0.006)

Model Diagnostics

LL start 14,988.13 -6,046.70 -9,464.81

LL at convergence -11,796.71 -5,166.20 -7,492.57

LR chi2(15) 10,964.75 3,016.46 6,202.34

Prob > chi2 0.000 0.000 0.000

AIC/n 23,655.43 10,382.41 15,047.13

BIC/n 23,934.29 10,582.74 15,311.46

Observations 59,616 22,320 37.296

Respondents 1,076 1,076 1,036

Parameters 31 31 31

Note: *, ** and *** represent coefficients significantly different from zero at the 0.1, 0.05, and 0.01 significance
levels, respectively. Standard errors are provided in parentheses. DCE 1 includes only data from the first DCE with
no PV installation available, while DCE 2 includes only data from the second DCE, where a fifth alternative with
PV installation is added. All factors are random except for the car purchase price. Range - CV = the driving range
for petrol or diesel (CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the corresponding

attribute.

The results about driving range vary among the different models and groups of data. In the CL
model, only the estimates for the CV range are statistically significant. On the other hand, in
the MXL model, the estimates for the CV range are not statistically significant. However, the
CV range is characterised by high heterogeneity, which I further explore below in the next
section of this chapter. The estimates of electric driving range for PHEVs are statistically
significant at a 10% significance level with a positive sign only when estimating the data from
the second DCE. The latter shows that the higher the electric driving range of a PHEV, the
more likely consumers are to choose a PHEV. More specifically, consumers are willing to pay

almost €7,000 more to purchase a PHEV for an increase of 100 km in the electric driving range.

Surprisingly, the estimates for electric driving range for BEVs are statistically significant for
all the data and the data from the second DCE but have a negative sign. The latter means that
the higher the driving range of a BEV, the less likely it is for consumers to choose a BEV.
Consumers are willing to pay between €1,000 and €2,000 less for a 100 km increased electric
driving range for BEV. That is in contrast with the findings presented in the literature review,
which mostly agree that the driving range for BEVs positively impacts BEV adoption (Aravena
& Denny, 2021; Danielis, 2020; Liao et al., 2019; Qian et al., 2019; Rotaris et al., 2021; géasn}'/
etal., 2018; Wang et al., 2017). A possible explanation for these results may be that the electric
driving range has already been increased, and technological progress is promising further
increase in the next few years (Davies, 2023b). Therefore, consumers experience less range

anxiety related to BEVs. Another reason could be that most Greek consumers do not drive
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more than 5,000 km yearly. Hence, consumers may not consider the driving range as important
as other car attributes. Nevertheless, the electric driving range shows indications of preference

heterogeneity, and thus, it may be important for at least some consumers.

Moreover, the findings from this study regarding the charging time for EVs differ from the
literature (Bansal et al.,2021; Danielis, 2020; Li et al., 2020; Qian et al., 2019; géasny et al.,
2018). Normal charging time is important for Greek consumers, while coefficients for fast
charging time are not statistically significant. An explanation for this may be that the uptake of
EV cars in Greece is still in the initial stage, and the infrastructure still needs to be developed
enough to cover the needs for normal charging for EV drivers. Results from the MXL model
show that the estimates for normal charging time are statistically significant and with the
expected negative sign, indicating that an increase of 1 hour for charging will decrease the odds
of choosing a BEV or a PHEV. Consumers would pay about €900 to €2,300 less for purchasing
a BEV or a PHEV if there is a 1-hour increase in the normal charging time. Note that the
difference between the two groups of data (DCE 1 and DCE 2) is almost €1,000 lower for those
who have the choice to purchase BEV and install PVs.

Table 6.6: WTP estimates are based on the Mixed Logit estimates presented in Table 6.5.
Note: WTP is given in euros.

As aratio of the car price ALL DATA DCEIl DCE2
Conventional 56,753.33 64,059.13 52,504.81
Hybrid 47,713.26 45,164.67 43,868.47
Plug-in Hybrid 64,376.43 53,541.87 47,505.37
Battery Electric 59,795.70 67,022.29 56,581.91
Battery Electric + PVs 61,784.01 65,118.31
Range — CV (100 km) -312.36 931.58 -610.74
Range - electric (PHEV) (100 km) -4,952.05 -2,888.03 6,924.03
Range - electric (BEV) (100 km) -1,048.97 -323.47 -1,937.25
Normal Charging time (h) -892.92 -2,253.11 -1,413.16
Fast Charging time (min) -4.35 -108.74 16.43
Wallbox subsidy 4,955.45 5,076.94 4,737.40
Free Parking 1,198.25 -1,074.39 1,025.50
PVs capacity (kWp) -285.99 -668.16
PV price (thousand EUR) -282.16 -457.83
Operating costs (EUR/ 100 km) -455.22 -421.28 -497.95

As aratio of the PV price
PVs capacity (kWp) 1,013.59 1,459.41
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The ones in bold are statistically significant. WTP in this table is always the ratio of the coefficient
of'a specific attribute over the coefficient of the car purchase price or PV price multiplied by 1,000.
Range - CV = the driving range for petrol or diesel (CV, HEV, PHEV). Blank spaces are shown

when there are no estimates for the corresponding attribute.

Considering the two policies for EV adoption, the wallbox subsidy is of great importance to
consumers. The estimates for the wallbox subsidy are always positive and statistically
significant, indicating that offering a €500 subsidy to those purchasing a BEV or a PHEV to
install a wallbox (home charger) increases the likelihood of these two vehicles being chosen.
In the CL model, estimates for wallbox policy vary between 0.167 and 0.180, while in the MXL
model, the same estimates vary between 0.201 and 0.203. More specifically, if consumers can
get this subsidy, the WTP for a BEV or a PHEV is between €4,700 and €5,000. On the other
hand, estimates for free parking appear statistically significant, only based on the CL model for
all the available data. MXL model shows the estimates for the policy of free parking to be

statistically insignificant but with potential preference heterogeneity.

Finally, the PV-related attributes, capacity and price, do not affect respondents' decisions
regarding car purchases. Estimates for both PV capacity and PV price are always statistically
insignificant. That indicates that an increase or decrease in the values of these attributes does
not impact consumers' willingness to purchase a BEV. Nevertheless, the choices of respondents
and the ASCs show that the combination of BEV with PVs is indeed very attractive to
consumers. In addition, the data for the second DCE indicates potential preference

heterogeneity for PV-related attributes.

6.3. Observed Preference Heterogeneity

In Table 6.5, standard deviations from the MXL model are presented. Several attributes have
statistically significant standard deviations, indicating preference heterogeneity. All the ASCs,
the car purchase price, petrol-related driving range, and normal charging time show substantial
preference heterogeneity for all data groups. The rest of the attributes have statistically

significant standard deviations, at least for one of the data groups.
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As described in the Literature Review section, several consumers’ characteristics affect EV-
and PV-related decisions. Gender, age, education, income, whether they live in an urban area
or own a garage, and mileage are some of the most frequently studied consumer characteristics.
To better understand where this heterogeneity comes from and how consumers with different
characteristics make decisions, we further explore the results by estimating MXL and adding
interactions between the alternative-specific attributes and some consumer-specific
characteristics. Table 6.7 below illustrates the results by estimating MXL for all available data,
including interactions between all alternative specific attributes and the following demographic
characteristics: gender, age, education, size of town, and income. The results are informative

about the sensitivity of different groups of consumers to specific attributes.

More specifically, I find that men are more sensitive to the CV range and fast charging time
than women. Surprisingly, young consumers (<35 years old) do not differ statistically from
those between 35 and 49, except for the weight they assign to wallbox subsidy. Results show
that young people are less sensitive to the wallbox subsidy. The latter may not be because of a
lack of interest in wallbox technology, but this choice may not be suitable for young people if
they have no private parking space to install it. On the other hand, older people (>=50 years

old) appear less sensitive to car price and PV capacity than those between 35 and 49 years old.

The results regarding education are interesting since they indicate that the level of education
explains a part of consumer heterogeneity associated mostly with technical characteristics.
Specifically, higher-educated respondents are more sensitive to the driving range of all
technologies and PV capacity, while they are much less sensitive to the PV price and operating
costs. Surprisingly, the household income is not associated with the car price. On the contrary,
one standard deviation difference in income is related to higher sensitivity to CV and BEV

driving range, fast charging time, and PV capacity, but with lower sensitivity to PV price.

The results regarding the size of the town are also surprising. Although it was expected for
households in urban areas (with >50 thousand residents) to be more sensitive to some attributes,
such as fast charging time and free parking, results indicate that those living in urban areas are
more sensitive only to the electric range for PHEVs. A closer look at the region of living
(Appendix Table E) reveals that respondents who live in Athens are considerably more
sensitive to the CV range than those living in Central Greece. On the other hand, I observe that

people living in North Greece, compared to those living in Central Greece, have lower
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sensitivity to price but higher sensitivity to the electric driving range for PHEVs and PV

capacity.

Table 6.7: Estimation results of the MXL model with interactions between alternative-specific attributes
and socio-demographic respondents' characteristics (gender, age, education, size of town, income).

Main Effects Interactions
Mean Std. dev. Male (vs.  Young Old (vs. High Urban HH income
(s.e.) (s.e.) female) (vs. middle education  (vs. (avg. per
middle age) (vs. basic)  Rural) year,
age) normalised)
Car Purchase -0.049%** -0.002 0.006 -0.014%* -0.001 0.010 0.000
Price (1,000 €) (0.007) (0.005) (0.007) (0.006) (0.005) (0.006)  (0.002)
Conventional 2.589%#* -3.039%**
(0.194) (0.105)
Hybrid 2.197%%%  2.367*%*
(0.205) (0.104)
Plug-in Hybrid 2.59 % 1.373%%%*
0.211) (0.091)
Battery Electric 2.7779%%%* -0.900%**
(0.158) (0.104)
Battery Electric +  2.779%%* -1.276%%*
PVs (0.158) (0.108)
Range - CV (100  2.766** 0.229***  (0.081***  -0.016 -0.033 0.096***  0.008 0.066%%**
km) (0.204) (0.012) (0.026) (0.032) (0.032) (0.028) (0.029)  (0.013)
Range - electric -0.071%** 0.280***  -0.107 0.112 0.169 0.418***  0.407**  0.013
(PHEV) (100 km)  (0.037) (0.079) (0.149) (0.183) (0.175) (0.155) (0.174)  (0.075)
Range - electric -0.127%%*  (0.237*%**  0.005 0.029 0.060 0.059* 0.018 0.047%%*
(BEV) (100 km) (0.048) (0.019) (0.033) (0.041) (0.040) (0.035) (0.037)  (0.016)
Normal Charging  -0.025 0.201***  -0.019 -0.036 -0.003 -0.002 -0.016 0.014
time (h) (0.032) (0.013) (0.024) (0.029) (0.028) (0.024) (0.026)  (0.012)
Fast Charging -0.006 0.003 0.006%** 0.003 0.004 0.001 0.001 0.003*
time (min) (0.004) (0.002) (0.003) (0.003) (0.003) (0.003) (0.003)  (0.002)
Wallbox subsidy 0.289%* -0.330%**  -0.092 -0.198** 0.087 0.090 -0.032 -0.007
0.114) (0.063) (0.082) (0.098) (0.097) (0.085) (0.096)  (0.042)
Free Parking 0.145 0.169***  -0.017 -0.075 -0.030 0.068 -0.087 0.021
(0.109) (0.059) (0.078) (0.094) (0.094) (0.081) (0.093)  (0.040)
PVs capacity -0.044 0.003 0.033 -0.053 -0.075* 0.130***  0.004 0.043%*
(kWp) (0.051) (0.015) (0.035) (0.042) (0.042) (0.036) (0.042)  (0.018)
PV price (1,000 0.005 0.018 -0.035 0,041 0.033 -0.081%**  0.008 -0.024*
€) (0.036) (0.013) (0.026) (0.032) (0.033) (0.029) (0.031)  (0.014)
Operating costs -0.013 0.017%**%  -0.006 0.009 0.005 -0.017%**  -0.004 0.002
(€/100 km) (0.008) (0.004) (0.006) (0.007) (0.007) (0.006) (0.007)  (0.003)
Model
Diagnostics
LL at -11,683.20
convergence
LR chi2(15) 10825.74
Prob > chi2 0.000
AIC/n 23,560.43
BIC/n 24,433.02
Observations 59,616
Respondents 1,076
Parameters 97

Note: *, **, and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance levels, respectively.
Standard errors are provided in the parentheses. All data from both DCEs are used. All factors are random except for the car
purchase price. Range - CV = the driving range for petrol or diesel (CV, HEV, PHEV). Blank spaces are shown when there are
no estimates for the corresponding attribute.
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Appendix Tables E-M illustrate the findings from estimations with interactions for more
consumer characteristics. To begin with, I investigate whether the preferred car size and car
condition (used or new car) have some impact on their preferences. As expected, respondents
who want a small car are less sensitive to the car price than those who want a medium car. On
the contrary, those who want a large car have higher sensitivity both to car price and operating
costs but lower sensitivity to CV and BEV driving range and wallbox subsidy. In addition,
those considering buying a new versus a used car are more sensitive to car price, CV range and

fast charging time.

I further explore heterogeneity based on current car ownership. I find that those considering
replacing their old vehicle with a new one are less sensitive to the electric driving range for
PHEVs. In addition, they prefer a BEV or a PHEV over a CV or a HEV, and free parking is an
important attribute to them. Regarding the family’s fleet size and always comparing it with
those with three or more cars, the findings show that those with no cars have less sensitivity in
car price, CV range, and normal charging time but higher and substantial sensitivity on free
parking policy. Those who currently own only one car are substantially less sensitive to the
electric driving range of PHEV's and more sensitive to the free parking policy than those with
a large fleet size. The latter group also have less sensitivity to operating costs. Interestingly,
those who own two cars seem to be less sensitive to all the monetary-related attributes such as
car price, wallbox subsidy, price of PVs and operating costs compared to those who own three

Oor more cars.

In addition, mileage has been found to play a role in consumers' preferences (Danielis, 2020;
Jia. & Chen, 2021; Tchetchik et al., 2020). I separated mileage into four groups based on the
average yearly km respondents expect to drive up as low, medium, high and very high mileage,
corresponding to up to 5,000 km, 5,000-10,000 km, 10,000-20,000 km and over 20,000 km,
respectively. I present the results for the first three groups, always compared to those that
expect to drive over 20 thousand km per year. The results show that those with low mileage
are more sensitive to normal charging time and CV range but less sensitive to the car price.
Those with a medium mileage also have lower sensitivity to the car price and larger sensitivity
to the CV range, both normal and fast charging time, and wallbox subsidy. Finally, those with

high mileage are more sensitive to the CV range, normal charging time and wallbox subsidy.
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In addition, I investigate if there are any differences between the respondents who received the
second DCE and those who did not. Findings show that those who replied to both experiments
tend to be more sensitive to the electric driving range of PHEVs but less sensitive to the
operating costs. In addition, I created a dummy that takes the value 1 if those who do not already
own PVs intend to install some in the future and 0 otherwise. According to the results, the
intention for future PV installation is related to higher sensitivity to the car price, fast charging

time and free parking policy.

Moreover, I check whether owning a garage or being able to install a charger has some impact
on consumers' choices, assuming that these conditions would affect whether they can charge at
home and thus their decisions regarding EVs and PVs. First, I add interactions with a dummy
that takes the value 1 if the respondents park their cars in a garage at home and the value 0
otherwise. Surprisingly, whether consumers park in a garage at home affects only their
sensitivity to the car price and driving range for all types of cars. Specifically, those who own
a parking lot assign more weight to all the attributes except for the electric driving range of
PHEVs, to which they appear to be less sensitive. Interestingly, operating costs in this case are
not statistically significant. Also, there are no large differences among the ASCs of all

alternatives, although PHEV and BEV (with and without PVs) have the largest coefficients.

Also, respondents were asked if they would install a wallbox at home if it were fully subsidised.
I compare those who would install one and those who would not do it for technical issues, such
as lack of a parking lot, with those who replied that they would not install one for other reasons.
Indeed, the results indicate higher sensitivity for all kinds of driving ranges, modes of charging,
and wallbox subsidy but less sensitivity to the operating costs for respondents who are positive
about installing a charger if it is fully subsidised. However, those who cannot install a wallbox
for technical reasons are less sensitive to the car price. Overall, the inability to park at home

nor install a charger explained some of the heterogeneity related to PV attributes.

On the other hand, the accommodation type is one of the most impactful household
characteristics for PV-related attributes. Findings show that those living in a family house,
compared to an apartment building, are more sensitive to the price of both cars and PVs, while
they are less sensitive to the electric range of PHEVs and the PV capacity. For the main effects,
the price of PVs is statistically significant, with the expected negative sign indicating that a

higher price of PVs decreases the likelihood of consumers choosing a combination of BEV and
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PVs. Finally, compared to renting, whether a household member owns the house or apartment

the respondent lives in is associated with lower sensitivity to PV price.

Moreover, I explore the impact of family size on consumer preferences. A respondent living
alone is more sensitive to the CV and BEV driving range and the wallbox subsidy than a big
family with five or more members. Similarly, a family consisting only of two people is more
sensitive to the operating costs and wallbox subsidy. A family of three members is more
sensitive to the car price and operating costs. Finally, a family of four members is more

sensitive only to the wallbox subsidy than a larger family of five or more members.

Finally, the number of kids in the family explains some of the heterogeneity related to PV
capacity. Compared to families with three or more kids, families with no kids are more sensitive
to the CV and BEV driving range and operating costs. Families with only one kid are more
sensitive to the CV range. Finally, families with two kids are also more sensitive to the CV

range, as well as the fast charging time and PV capacity.

6.4. Extensions-Further Analysis

I present the results from estimations using MXL, allowing this time for correlation among the
attributes. Table 6.8 and Table 6.9 illustrate the estimates of the models and the estimated WTP,
respectively. The findings mostly agree with the main effects of MXL without correlated
factors presented before regarding the significance of price and operating costs (Table 6.5). It
is estimated that consumers' WTP for every €1 per 100 km increase is between €370 and €412
(Table 6.9). On the other hand, estimates for all types of driving ranges and the wallbox subsidy
are not statistically significant for any data group. Finally, estimates for both modes of charging
are statistically significant for the data from the first DCE but not the data from the second
DCE.

Interestingly, the estimates for PV capacity appear to be statistically significant with a negative
sign, indicating that the higher capacity of the PV system is associated with lower odds of a
consumer choosing a BEV. The latter may be due to the higher PV price associated with higher
PV capacity, the lack of space for a large PV system or the lack of need for such a large PV
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capacity by a household. The data from the second DCE shows that consumers are willing to

pay about €2,500 less for a 1 kWp increase in PV system capacity.

Table 6.8: Estimation results of the MXL with correlated factors.

All Data DCE 1 DCE 2
Mean (s.e.) Mean (s.e.) Mean (s.e.)
Car Purchase Price (1,000 €) -0.057%%* -0.054 %% -0.058%%**
(0.003) (0.006) (0.004)
Conventional 4.764%%* 4.674%** 5.208%**
(0.279) 0.411) (0.368)
Hybrid 4.723% %% 4.130%%* 4.633%%*
(0.282) (0.423) (0.365)
Plug-in Hybrid 4751 %% 3.930%** 4.359%%*
(0.309) (0.522) (0.443)
Battery Electric 4.824*%* 4.834%** 4.346%**
(0.296) (0.502) (0.360)
Battery Electric + PVs 4.813%%* 5.030%**
(0.360) (0.400)
Range — CV (100 km) 0.172 0.033 -0.011
(0.021) (0.031) (0.033)
Range - electric (PHEV) (100 km) -0.085 0.064 0.151
(0.194) (0.372) (0.305)
Range - electric (BEV) (100 km) 0.007 -0.023 -0.016
(0.027) (0.062) (0.033)
Normal Charging time (h) -0.029* -0.066** -0.006
(0.016) (0.038) (0.021)
Fast Charging time (min) -0.002 -0.011%* 0.000
(0.002) (0.006) (0.003)
Wallbox subsidy 0.087 0.202 0.074
(0.060) (0.139) (0.084)
Free Parking -0.004 -0.007 -0.107
(0.058) (0.114) (0.084)
PVs capacity (kWp) -0.079* -0.145%%%*
(0.460) (0.047)
PV price (1,000 €) 0.016 0.031
(0.026) (0.027)
Operating costs (€/100 km) -0.023%%* -0.020%** -0.023%%*
(0.004) (0.006) (0.005)
Model Diagnostics
LL at convergence -10,999.77 -4,973.17 -7,066.69
LR chi2() 12,558.64 3,402.52 7,054.10
Prob > chi2 0.000 0.000 0.000
Observations 59,616 22,320 37,296
Respondents 1,076 1,076 1,036
Parameters 136 91 136

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01
significance levels, respectively. Standard errors are provided in the parentheses. Estimation
results of the MXL model. Range - CV = the driving range for petrol or diesel (CV, HEV, PHEV).
Standard errors are not provided. Blank spaces are shown when there are no estimates for the

corresponding attribute.

Table 6.9: WTP estimates are based on the estimates of MXL with correlated factors presented in Table

6.8. Note: WTP is given in euros.

As aratio of the car price ALL DATA DCELl DCE2
Conventional 83,766.76 86,657.87 91,015.52
Hybrid 83,047.63 76,562.85 79,604.23
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Plug-in Hybrid 83,536.70 72,853.02 74,889.74
Battery Electric 84,831.55 89,618.16 74,669.94
Battery Electric + PVs 84,618.65 86,424.46
Range — CV (100 km) 301.96 619.43 -192.97
Range - electric (PHEV) (100 km) -1,487.00 1,177.37 2,587.04
Range - electric (BEV) (100 km) 129.97 -428.65 -283.46
Normal Charging time (h) -509.50 -1,226.154 -97.93
Fast Charging time (min) -38.15 -198.69 -0.51
Wallbox subsidy 1,521.04 3,749.476 1,267.45
Free Parking -74.63 -124.97 -1,842.83
PVs capacity (kWp) -1,384.65 -2,488.75
PV price (thousand EUR) 275.05 526.71
Operating costs (EUR/ 100 km) -412.79 -368.83 -389.23
As a ratio of the PV price
PVs capacity (kWp) 5,034.20 4,725.09

The ones in bold are statistically significant. WTP in this table is always the ratio of the coefficient
of'a specific attribute over the coefficient of the car purchase price or PV price multiplied by 1,000.
Range - CV = the driving range for petrol or diesel (CV, HEV, PHEV). Blank spaces are shown

when there are no estimates for the corresponding attribute.

In addition, I explore whether a model with tech-specific prices would be more efficient and
informative. First, by estimating CL (Appendix Table N), I observe that the coefficients for the
car prices of different alternatives do not substantially differ. Thus, I test whether the
differences are statistically significant by a Wald test with the null hypothesis that the estimated
coefficients are equal (Appendix Table O). The results fail to reject the hypothesis for equality

among coefficients.

Next, [ estimate an MXL model with no correlated factors (Table 6.5) by adding tech-specific
prices and assuming that the estimates of prices of BEV cars for both alternatives with and
without PVs are equal. The previous Wald test results can support the latter assumption. The
results for MXL are illustrated in Table 6.10. Tech-specific prices do not largely reduce the
log-likelihood (LL at convergence) or affect the results compared to the main effects from the
MXL model presented before (Table 6.5). The ASCs remain statistically significant for all
groups of data. Alternatives with BEV are the prevalent choice of respondents, while HEV
remains the least preferred alternative. The most impactful attributes on consumers’ decisions
are operating costs, wallbox subsidy and normal charging time. Under this specification,
normal charging time has larger coefficients, and it is not statistically significant for the case

where only data from the first DCE are estimated.
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By observing the coefficients for tech-specific prices, I conclude that based on all the available
data, BEV price has the lowest impact on consumers' preferences. Whereas, for data only based
on the first DCE, the price for BEVs is the most impactful. That might occur because more
attributes related to this technology are available for consumers to consider when PV
installation is added to the design. Thus, consumers may assign more importance to other BEV-
related attributes than the price alone. Overall, based on the results from CL and MXL, I cannot
confidently conclude that the effect of price is significantly different among the various

technologies.

Table 6.10: Estimation results of the MXL model with tech-specific prices.

All data DCE 1 DCE 2
Mean (s.e.)  Std. dev. Mean (s.e.) Std. dev. Mean (s.c.) Std. dev.
(s.e.) (s.e.) (s.e.)
Conventional Car -0.044%%* -0.041%%* -0.055%%*
Price (1,000 €) (0.007) (0.011) (0.011)
Hybrid Car Price -0.049%%* -0.038%** -0.032%%*
(1,000 €) (0.007) (0.008) (0.008)
Plug-in Hybrid Car -0.043%%* -0.041%%* -0.048%**
Price (1,000 €) (0.005) (0.007) (0.006)
Battery Electric Car -0.039%%** -0.054%%* -0.040%**
Price (1,000 €) (0.004) (0.008) (0.005)
Conventional 2.049% % 2.904 %% 2.725%%% 3.161%%* 2.664 %% 3.839%*
(0.244) (0.102) (0.393) (0.190) (0.388) (0.210)
Hybrid 1.563%%* 2.463%%* 2.105%%* 2.197%%* 1.752%%% 2.359%:%*
(0.248) (0.101) (0.339) (0.149) (0.320) (0.197)
Plug-in Hybrid 1.853%%* 1.982%%* 2.344% %% 1.720%%* 2.197%%* 1.624%*
(0.245) (0.100) (0.378) (0.222) (0.329) (0.151)
Battery Electric 2.359%* 1.345%%* 2.727%%%* 2.074%%* 2.392% %% 1.780%%*
(0.167) (0.077) (0.336) (0.183) (0.222) (0.113)
Battery Electric + PVs ~ 2.728%%%* 0.484*** 2.723%%* 0.182
(0.205) (0.152) (0.240) (0.162)
Range — CV (100 km)  0.021 0.137%%* 0.027 0.223 % -0.025 0.256%%*
(0.020) (0.017) (0.030) (0.019) (0.028) (0.017)
Range - electric 0.051 -0.323%%* -0.152 -0.653%%* 0.273 -0.458%*
(PHEV) (100 km) (0.129) (0.124) (0.219) (0.219) (0.184) (0.192)
Range - electric (BEV) -0.027 -0.193%** 0.021 -0.078%* -0.086%** 0.304***
(100 km) (0.023) (0.030) (0.042) (0.034) (0.029) (0.028)
Normal Charging time ~ -0.083%%** -0.222%%% -0.037 0.204% -0.078%%* 0.2327%%*
(h) (0.014) (0.016) (0.027) (0.042) (0.020) (0.020)
Fast Charging time -0.001 -0.012%%* -0.006 -0.020%** 0.001 -0.004*
. (0.002) (0.002) (0.004) (0.006) (0.002) (0.003)
(min)
Wallbox subsidy 0.199%%** -0.240%%** 0.214%* 0.102 0.201*** -0.159
(0.041) (0.079) (0.084) (0.186) (0.053) (0.104)
Free Parking 0.059 0.088 -0.012 -0.813%** 0.036 -0.398*%**
(0.038) (0.091) (0.084) (0.131) (0.053) (0.089)

PVs capacity (kWp) -0.027 0.064*** -0.011 -0.048
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(0.023) (0.022) (0.025) (0.040)
PV price (1,000 €) -0.012 -0.028* -0.013 -0.003
(0.013) (0.017) (0.013) (0.024)
Operating costs (€/100  -0.020%*** 0.005 -0.018%%** 0.008 -0.020%%** 0.014
km) (0.003) (0.004) (0.080) (0.007) (0.004) (0.009)
Model Diagnostics
LL at convergence -11,802.94 -5,165.54 -7,492.40
Observations 59,616 22,320 37.296
Respondents 1,076 1,076 1,036
Parameters 34 28 34

Note: *, **, and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance levels,
respectively. Standard errors are provided in the parentheses. DCE 1 includes only data from the first DCE with no
PV installation available, while DCE 2 includes only data from the second DCE where a 5" alternative with PV
installation is added. All factors are random except for the tech-specific purchase prices. Range - CV = the driving
range for petrol or diesel (CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the

corresponding attribute.

Finally, as a preliminary attempt to further explore the impact of incentives such as tax fees
and subsidies on consumers' preferences, I estimate the CL model by separating the initial car
price from these incentives. All the results are provided in Appendix Table P. First, I separate
the initial price by the incentive applied to it. Second, I separate the incentives into malus and
bonus, representing tax fees and subsidies, respectively. Finally, malus and bonus are separated
based on the technology. Similarly, I separate the initial price of PVs and the subsidy applied

to it.

The results show that when I treat the initial price and the incentives related to price as two
different attributes, the impact of incentives is stronger than that of the initial price. The results
improve when I separate the incentives into malus and bonus. Malus represents the tax fees
applied to the initial purchase price of a car (CV, HEV or PHEV). The coefficient is statistically
significant and has the expected negative sign, indicating that increased tax fees will decrease
the odds of the specific car being chosen. On the other hand, a bonus represents the subsidy
offered to purchase a vehicle (PHEV or BEV). The coefficient for bonus is statistically
significant with the expected positive sign and almost twice as large as that of malus. That
means that the subsidy may increase the odds of a car being chosen, and it is a stronger policy
than tax fees. The initial price of the car, operating costs, CV range, and subsidy for wallbox

have the expected signs and are statistically significant, at least at a 10% significance level.
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By further separating the incentives based on the technology they are applied to, only tax fees
for CVs (hardly at a 10% significance level) and subsidies for BEVs and PHEVs are
statistically significant. Results indicate that tax fees have a similar effect on all the
technologies. However, the subsidy for PHEV and BEV may impact the demand for the two
technologies differently. It is worth noting that the coefficient for the subsidy for PHEVs is at
least twice as large as that of the subsidy for BEVs. PV-related attributes show similar results.
Only the subsidy for PVs, not the initial price, is statistically significant, showing that
subsidisation is important for consumers and can affect their purchase decisions regardless of

the initial price.
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/ Discussion

7.1. Implications for policy

Although ICE vehicles remain currently a prevalent choice among potential car buyers, the
results from this study indicate that Greek consumers have a positive attitude towards both
BEVs and PHEVs. I find that if a BEV is subsidised, consumers will shift their purchase
decisions towards more alternative vehicle technologies. Their shift away from CV technology
is even stronger when consumers make their choice on a bundle of two green technologies- a
BEV and PVs- that both receive a subsidy. Increasing the wedge between the operating costs
of the two alternative vehicle technologies, CVs and BEVs, would make this shift further

stronger.

In the current study, the alternative of BEV plus PV is not described as a market bundle product
offered by a company at a single price. Respondents are provided with the hypothetical
alternative of simultaneously purchasing these two technologies under specific hypothetical
conditions, represented by the available attributes and levels, showing the purchase price and
the subsidy separately for both green technologies on the choice cards. Therefore, the choice
of BEV plus PVs represents the decision of a household to adopt both technologies at the same
time (not necessarily from the same supplier). The results are in line with previous studies that
argue that a combination of BEV and PV technology adds value to BEVs for consumers

(Delmas et al., 2017; Stauch, 2021).

It seems that respondents are not sensitive to changes in the purchase price of a PV system or
its capacity. However, I note that a PV always appears in the fifth alternative (labelled as
BEV+PV), and hence, utility from a PV may be captured by the ASC, which is indeed larger
than the ASC for the BEV alternative. Monetary attributes such as the car price and the
operating costs are the most important factors for consumers. Additionally, the subsidy for the
installation of wallbox makes the purchase of BEVs and PHEVs much more attractive. By

breaking down the final price of car and PV prices into the initial price and a subsidy, I conclude
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that subsidies are of great importance for Greek consumers, and financial support can indeed
motivate Greek consumers to deploy low-carbon vehicle technologies faster and broader.
Therefore, subsidies for EVs are an instrumental policy in the promotion of the technology
when the uptake of it is still in the initial stage, as it happens in Greece. Finally, the importance
of monetary attributes for consumers is clear not only from the results from the DCEs but also
from their answers when we asked them about the main barriers and factors of their purchase

choices.

In addition, it would be very useful for consumers to be offered a bundle product of BEV and
PV technologies directly on the market. Directly purchasing the two technologies from one
seller will be more convenient for consumers. Indeed, many car companies already provide the
opportunity for BEV consumers to purchase a PV system (Weisbrod, 2022). As a more direct
indication of the impact of the total final price for a bundle product of BEV and PVs, it would
be interesting to explore consumers’ response to the final price they would have to pay for each
alternative in the DCEs (Appendix Table P). The government could also provide support (e.g
by offering subsidies) to the PV and BEV makers and suppliers in order for them to provide
attractive bundled products to consumers and thus indirectly assist the deployment of energy-

efficient technologies.

Additional government support with a combined subsidy that requires the purchase of EVs,
PVs, and a home charger, even by different suppliers, may add value to these technologies and
increase their acceptance. In this case, the subsidy should adequately cover the combined
purchase's financial burden for the households, as well as be available for those who actually
need it. As I mentioned before, investing in EV and PV technologies can significantly burden
many families financially. Considering the Greek economy and the difficulties Greek
consumers have experienced in the last decades, it is well understood that purchasing a new
vehicle or installing PVs may only be possible for some households. Therefore, the available
subsidies may assist only those who are already able to buy these technologies, further
exaggerating injustice and inequality (Caulfield et al., 2022; Gomez Vilchez et al., 2019;
Sovacool et al., 2019).

Although PV installation can benefit households in multiple ways and increase the
attractiveness of BEVs, it is still impossible for many households due to technical or practical
reasons, such as lack of space or sunlight, or the disagreement of all the residents in the

apartment buildings. In addition, PV installation can practically assist BEV charging only if
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the households install a wallbox (home charger). Similarly, the installation of a wallbox can be
technically or practically difficult or impossible for many Greek households. Accommodating
the process for households living in multiple residents' buildings or solving technical
difficulties such as the lack of parking space might slightly increase the adoption of the two
technologies. Indeed, over the last 30 years, many new buildings have been equipped with

parking lots that would allow for home-charging facilities (Mpoi et al., 2023).

In addition, companies and workplaces could facilitate the charging of EVs by providing free
parking spaces for their employees with wallbox for charging. Currently, only 23% of
respondents stated that they can park at a garage at work. I recommend that workplaces, similar
to households, take advantage of the available subsidies for BEVs and wallbox installation in
their parking lots to enhance BEV deployment. Further studies could explore the WTP of the
companies if they could also install PVs and wallboxes on their buildings in order to benefit
from the produced electricity available not only to cover the company’s needs but also to charge
the employees’ vehicles. Finally, the government could provide subsidies for the installation
of multiple wallboxes to companies and other workplaces even without the purchase of a BEV

to facilitate charging at work for employees and, consequently, mass BEV adoption.

Moreover, directing attention to the findings regarding trust and knowledge about EV and PV
technologies is important. As presented in the descriptive statistics, about 26% of respondents
who already own PVs are not aware of the subsidy "PVs on the roof". Of those who do not
already own PVs and are considering installing, 51% are not aware of the subsidy, and 16%
are unsure about it. In addition, it is remarkable that many of them were impressed, grateful, or
surprised by the information provided during the survey regarding both EVs and PVs, such as
the available policies and incentives. The comments provided in the debriefing, along with the
information gathered via the survey, indicate a substantial lack of adequate information and
knowledge regarding the technologies and the incentives provided. Therefore, the information
campaigns are an instrumental step towards EV and PV development in the country. The latter
is supported by the available literature that highlights the importance of knowledge, trust and
experience regarding EV technology (Anastasiadou & Gavanas, 2022; Hardman et al., 2017;
Hesselink & Chappin, 2019; Jia & Chen, 2021; Li et al., 2020; Li et al., 2022; Noel et al.,
2019).

Furthermore, the findings prove high heterogeneity in Greek consumer preferences regarding

EV adoption. This means that policymakers need to consider this heterogeneity when making
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decisions so they can introduce efficient incentives and information campaigns targeting
specific consumer groups to enhance faster EV deployment in the country. Gender, age, and
region were not found to impact the preferences of consumers to a great extent. On the other
hand, higher education and income, compared to other consumers' characteristics, are closely
associated with the sensitivity consumers have to some attributes, especially technical
attributes and PV-related attributes. In addition, consumers living in family houses, residents
who own and do not rent, face fewer technical difficulties and, therefore, are more likely to
install PVs. By targeting these groups of consumers and providing them with adequate
subsidisation and other incentives, BEV and PV deployment may increase at a significantly
higher pace. The latter will be beneficial for all consumers since the increase in demand for

these technologies will lower the prices and facilitate their adoption by more consumers.

Finally, in line with Hardman et al. (2017), I recommend the following measures to increase
the adoption of EVs, especially of BEVs and PHEVs, in Greece. First, incentives should be
applied when someone is buying a BEV or a PEHV, and not afterwards. That agrees with the
findings that monetary characteristics are the most significant car attributes and that subsidies
are a more powerful policy than tax fees. Second, incentives should promote BEVs or PHEVss
with high electric ranges, but not luxury ones that can be bought by consumers who already
have the financial resources to purchase these vehicles (Caulfield et al., 2022; Gomez Vilchez
etal., 2019; Sovacool et al., 2019). Third, the premature removal of incentives could negatively
affect the adoption of EV technologies. Therefore, incentives should be designed with
longevity in mind. Moreover, the Greek government currently does not provide a subsidy for
the purchase of a PHEV. However, the results show a strong preference for PHEV's, which can
still enhance the transition to a greener transportation sector. Therefore, it would be helpful for
subsidies to be provided for the purchase of PHEVs, which can also use electricity and be

charged by RES at home or green public charging facilities.

7.2. Limitations and Future Research

The limitations and drawbacks of this study should also be considered. First, although Greece
is a small country with a current population of about 10.3 million (EAFO, 2024), the sample
would have to be much larger than a sample of 1,076 respondents to make robust conclusions,

especially considering the high heterogeneity related to consumers' preferences. In addition,



Discussion 77

the Greek islands were excluded from the sampling. The survey and hence the results of this
study do not cover a significant part of the Greek population, of about 1 million people (HSA,

2023), whose preferences might significantly differ from people living on the mainland.

Furthermore, this survey excludes some important consumer characteristics that could explain
heterogeneous preferences. These characteristics refer to attitudinal, behavioural, and
psychological characteristics whose importance is described in the Literature Review. For
example, more information regarding consumers' lifestyles, travelling habits, beliefs about
environmental issues, or knowledge and opinion about EVs and PVs would be useful to explain
part of consumers' preferences. In addition, this information would provide some context for
the cultural differences between Greece and other countries. Findings differ from those from
similar studies using DCEs for different car technologies in other countries. Consumers’
preferences may vary among different countries based on each country’s culture, lifestyle,

knowledge, available incentives, and available infrastructure.

Indeed, the available infrastructure for EVs may affect consumers' preferences in different
countries. Considering the lack of parking spaces in Greece for many households and the results
of this thesis, adequate charging stations for EVs might be an essential motive for EV adoption.
However, in this study, the focus is on charging at home since charging infrastructure is
currently under development in Greece, and I am interested in PV installations from
households. Moreover, many attributes were already included in the DCE design; thus, an
additional attribute referring to the number of charging points or their density was not included.
As EV adoption and charging infrastructure are developing, it would be interesting to explore
consumers' preferences regarding charging stations so that efficient charging infrastructure will
be available to facilitate the charging of EVs for all drivers. As the results show, for Greek
consumers, normal and not fast charging time is more important, indicating either a preference

for the convenience of charging at home or the lack of adequate basic charging infrastructure.

Furthermore, I note avenues of analysis for future research based on the available data from
the survey I conducted. First, since the results for electric driving range for BEVs did not have
the expected sign, I could test if there are decreasing marginal range patterns, such as that the
utility consumers get from the additional range decreases while the base range increases, as
identified by Noel et al. (2019) and Bansal P. et al. (2021). In addition, it would be interesting
to explore the effect of tech-specific operating costs and the impact of the hypothetical scenario

for zero operating costs for BEVs.
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Last but not least, the large number of attributes, alternatives and choice sets included in the
DCEs may be an important drawback of this study. Although increasing the number of
attributes is not widely considered to affect response efficiency negatively, increased
information respondents need to process to make their choices may impact it (Mariel et al.,
2021). Also, several studies suggest that a large number of choice sets may cause respondents
to feel fatigued and affect their answers. However, there has yet to be a general agreement on
the ideal maximum number of choice sets. On the other hand, the literature suggests that a large
number of alternatives negatively affects response efficiency due to increased complexity.
Although many choices might help consumers find a choice that matches their preferences, the
complexity might lead them to choose the opt-out option more often or to make options based
on only one attribute, usually that of price (Mariel et al., 2021). Even though the results
presented show that the opt-out was chosen infrequently, a large share of respondents made
choices based only on one attribute. That is, most likely, the purchase's final price. Thus, a
smaller number of choice sets with fewer alternatives and fewer attributes for respondents to

evaluate but available to a larger sample may provide better results.

EV technology is developing, and the deployment of BEVs has been decided and supported.
Therefore, both the adoption and knowledge of EVs will keep increasing. Thus, future DCEs
could focus on merely BEVs or PHEVs and closely explore consumers’ preferences for these
technologies, providing alternatives with the most significant car-related attributes and new
potential incentives. Nevertheless, based on the currently low uptake of EVs in Greece, the
available knowledge, infrastructure, and incentives, this study provides an adequate group of
choice sets that is as informative and realistic as possible to elicit Greek consumers’
preferences. To our knowledge, the current study provides the most informative study with SP

available for Greek consumers’ preferences regarding EVs and PVs.
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8 Conclusion

To sum up, electromobility is a prevalent policy globally aiming to decrease GHG emissions,
air and noise pollution and increase energy savings. However, the impact of EVs is highly
dependent on the electricity generation mix. Therefore, it is argued that EVs need to be powered
by electricity from RES. Specifically, the literature suggests that the increasing combined
adoption of energy-efficient technologies or promoting complementary products, such as EVs
and PVs, is considered instrumental to mitigating GHG emissions and achieving sustainability

since the combination adds value to both products and increases their adoption.

Following the directives of the European Green Deal, each European member state aims to
reduce its footprint by introducing effective incentives to complete national targets for
decreased GHG emissions and increased EV deployment, related infrastructure, and RES share
in electricity production. Greece introduced incentives, such as registration fees, subsidization
for the purchase of BEVs, free parking, and subsidization for the installation of a wallbox
(home charger) to support the deployment of EVs, especially of BEVs, for the first time in
2020. Nevertheless, the adoption of EVs in the country is still in the initial phase, with the
shares of registered BEVs and PHEVs representing 0.20% and 0.31% of the total number of

passenger cars, respectively.

Additionally, Greece aims to increase the share of RES in the generation mix of energy and
electricity. Instrumental policy for this is the increase of solar power in the generation mix by
increasing the installation of small PV systems by households. Thus, since 2010, the
government has been offering the subsidy “PVs on the roof”, for households which want to

install PVs on their roofs or other auxiliary areas.

I assume that if Greek households have the opportunity to install PVs to produce electricity and
they are able to install a wallbox to use part of this electricity for charging a PHEV or BEV,
their willingness to adopt one of them will increase. To test the latter hypothesis, I used DCEs
and both CL and MXL models to investigate the preferences of Greek households for all types
of EVs and the impact of a combination of BEVs and PVs on EV adoption. I elicited consumers'

preferences through an original survey in Greece that included a wide range of questions
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regarding households' energy and electricity consumption, current car ownership, future car
preferences, as well as demographic and socioeconomic characteristics of respondents. The
data were collected by a pilot survey and the main wave. The pilot study targeted to assist with

an efficient survey and DCE design.

Two DCEs were created for this thesis, but the respondents received only one or both of them
based on whether they had already installed PVs with an adequate capacity for EV charging.
The first DCE consisted of four alternative types of cars, CV, HEV, PHEV and BEV, and seven
attributes that describe these alternatives, purchase price, operating costs, driving range, normal
charging time, fast charging time, €500 subsidy for the purchase of a wallbox (home charger,
and free parking policy. The second DCE consisted of five alternatives, CV, HEV, PHEV, and
a combination of BEV and PVs. The attributes describing these alternatives are the same as for
the first DCE, with the addition of two more attributes that describe PVs; those are the purchase
price and capacity of the hypothetical PV system. The final sample used for the estimation of
the main effects of the models excluded speeders, pilot data, and respondents who plan to buy
a luxury car with a price higher than €50,000. It consisted of 1,076 respondents and 59,616
observations. Only 40 respondents had an adequate capacity of PVs to charge a BEV or a
PHEYV and, thus, did not receive the second DCE.

The results indicated that Greek consumers are positive towards EVs and that the installation
of PVs can enhance the adoption of BEVs, with some consumers moving their preferences
towards alternative modes of transport when this choice is available. However, car- and not
PV-related attributes impact their decisions. Specifically, the findings showed that for Greek
consumers, car purchase price, operating costs, normal charging time, and wallbox subsidy are
the most influential factors when making decisions about a future car purchase. Especially,
higher car purchase price, operating costs and normal charging time can prevent consumers

from choosing an EV.

I also estimated consumers' WTP for the available attributes. Specifically, consumers are
willing to pay between €420 and €500 less for a vehicle if the related operating costs increase
by €1 per 100 km. In addition, they are willing to pay between €890 and €2,250 less for a
PHEV or BEV for every additional hour in the normal charging time. On the other hand, they
are willing to pay between €4,730 and €5,080 more for the purchase of PHEV or BEV if they
can receive a €500 subsidy for the installation of a wallbox in their houses. Surprising are the

results of the electric driving range of BEVs since Greek consumers are affected negatively by
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the additional driving range of BEVs. The latter is in contrast with the literature findings.
However, the electric driving range, both for BEVs and PHEVs, as well as the CV range, is
characterized by consumers’ preferences heterogeneity, and it is important, at least for some

respondents.

Indeed, the findings of this study agree with related literature that proves high consumer
preference heterogeneity for cars and especially EVs. A thorough exploration of the impact of
different consumers' characteristics on their preferences shows that many of them affect
consumers' sensitivity to specific attributes. Specifically, education, income, the size of the car,
whether the car will be new or used, the mileage, intention to install PVs, current fleet size, and
family size significantly affect consumers' sensitivity to car-related attributes and, therefore,
drive the trade-off among those when they choose their preferred alternative vehicle. In
addition, whether respondents live in a family house or apartment building and whether they
own or rent their houses affects their sensitivity not only to car-related attributes but also to

PV-related attributes.

Moreover, extensions of the models showed that consumers' sensitivity to price does not
significantly depend on the related technology and that the surcharges or discounts are those
that drive their sensitivity to car price. The latter indicates the importance of incentives for the
promotion of EVs and PVs. More specifically, the results showed that subsidization might have
a stronger effect on consumers' decisions compared to tax fees. Finally, I paid attention to the
overall importance of information and knowledge regarding energy-efficient technologies and

the available incentives for their faster deployment.

Despite the attractiveness of EVs for Greek consumers, the lack of incentives till recently, the
lack of adequate charging infrastructure, as well as economic and technical barriers for
households to adopt both EVs and PVs result in the low uptake of EVs in the country.
Policymakers need to take into consideration the existing preference heterogeneity to introduce
efficient incentives and policies that could facilitate the faster diffusion of EV technologies
while reducing the related GHG emissions with the increasing contribution of RES in their

charging and assuring a socially fair and equal low carbon transition.

This study contributes to the available literature regarding consumers' preferences and
willingness to pay for cars, focusing on the attributes and policies that enhance or prevent EV
adoption. In addition, it is the first informative study about Greek consumers' preferences for

both EVs and PVs that also evaluates their response to the available incentives and policies for
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energy-efficient technologies. Moreover, it adds knowledge about consumer preference
heterogeneity. Most importantly, this study investigates the impact PV installation has on the
adoption of alternative-fueled cars and whether the combination of two complementary energy-

efficient technologies can indeed affect consumers’ adoption decisions.

Nevertheless, there are limitations that are further described in the Discussion, such as the
exclusion of Greek islands, the available charging infrastructure and behavioural consumer
characteristics, as well as the large number of alternatives and attributes in the DCEs. Similarly,
there are many avenues of studies to further explore both with the available data collected for
this study and with future research. For example, based on the available data, it is possible to
investigate consumers' response to the total final price of the BEV plus PVs, the decreasing
marginal BEV-range patterns and the impact of tech-specific or zero operating costs. Finally,
future research could test the validity of the results of this thesis with RP when adequate data
is available, explore the impact of PVs on charging in public infrastructure or workplaces, or
the impact of different bundle products of energy-efficient technologies on their adoption by

households.
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Appendix

Appendix Table A: The quota set to represent the Greek population for car owners increased by 10% to
include potential car buyers who do not currently own a car, e.g. younger people.

Demographic Characteristics Categories Percentage

Gender Male 50.10%
Female 49.90%

Age 18-34 29.50%
35-49 34.60%
50-65 35.90%

Region

Attica EL3-Attiki (Attica) 43.50%

Central Maced.onia . EL5-Voreia Ellada

East Makedonia/ Thraki (North Greece) 30.30%

Epirus

West Macedonia

Thessalia EL6-Kentriki Ellada

West Greece (Central Greece) 26.30%

Peloponnese

Central Greece

Education

No basic education.

Primary school diploma

Secondary School Diploma. Basic Education 65.00%

Vocational Specialty Degree or training (Level 3 CEK or Level 1 ~ (Up to Secondary)

IEK)

High school diploma (General).

Vocational High School Leaving Certificate (EPAL)

Vocational Specialty Diploma Level 4 IEK/ Higher School

Degree

University/ TEI/ Higher Education Degree

Master's Degree Higher education 35.00%

Ph.D

Appendix Table B: Estimation results from CL and MXL exploring the effect of pilot data and luxury
cars on the car estimates of purchase car price.

CL with MXL with interaction for ~CL with MXL with interaction for
interaction  pilot data interaction for  luxury cars

for pilot luxury cars

data

Estimates Mean (s.e.)  Std. dev Estimates Mean (s.e.) Std. dev

(s.e.) (s.e.) (s.e.) (s.e.)
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Purchase car -0.019%** -0.032%%** -0.027%** -0.045%%*
price (1,000 €) (0.003) (0.002) (0.003) (0.003)
Conventional 2.016%** 1.914%%* 3.094%**  2.192%** 2.373%*%* 2.956%**
(0.160) (0.198) (0.114) (0.167) (0.185) (0.126)
Hybrid 1.519%%* 1.626%** 2.278*** 1.696*** 1.937%** 2.149%**
(0.163) (0.174) (0.097) (0.169) (0.174) (0.094)
Plug-in Hybrid 1.387*%* 1.763%%* 1.543%*%* 1.558*** 2.116%** 1.644%***
(0.175) (0.199) (0.113) (0.181) (0.193) (0.121)
Battery Electric 1.626%** 2.276%** 1.425%%%* 1.789%** 2.603*** 1.440%***
(0.161) (0.136) (0.070) (0.165) (0.140) (0.070)
Battery Electric +  1.534%** 2.483*** -0.842%** 1 689%** 2.788*** -1.054%**
PVs (0.180) (0.166) (0.107) (0.183) (0.171) (0.092)
Range — CV (100  0.035%** 0.010 0.189***  (.029%** 0.000 0.201***
km) (0.011) (0.018) (0.013) (0.011) (0.018) (0.011)
Range - electric -0.041 0.166 0.000 -0.033 0.189* 0.135%*
(PHEV) (100 km)  (0.079) (0.112) (0.086) (0.079) (0.113) (0.068)
Range - electric 0.024* 0.016 0.107***  0.024* 0.012 -0.099***
(BEV) (100 km) (0.015) (0.016) (0.019) (0.014) (0.016) (0.018)
Normal charg. -0.005 -0.101%** 0.271***  -0.005 -0.104%** 0.280%**
time (h) (0.007) (0.013) (0.013) (0.007) (0.013) (0.012)
Fast charg. time 0.000 0.001 -0.001 0.000 0.000 -0.006%**
(min) (0.001) (0.001) (0.002) (0.001) (0.001) (0.002)
Wallbox subsidy ~ 0.155%*** 0.182%*** 0.270***  (.151%** 0.158%*** 0.264***
(0.029) (0.035) (0.054) (0.029) (0.036) (0.056)
Free Parking 0.034 0.035 -0.007 0.035 0.033 0.046
(0.025) (0.034) (0.057) (0.025) (0.034) (0.062)
PVs capacity 0.001 -0.012 -0.077***  0.006 -0.001 -0.084***
(kWp) (0.016) (0.021) (0.016) (0.017) (0.021) (0.014)
PV price (1,000 -0.015 -0.014 -0.019%* -0.015%* -0.019* 0.011
€) (0.009) (0.011) (0.010) (0.009) (0.011) (0.009)
Operating costs -0.008*%** -0.017%%* -0.006* -0.009%*%** -0.018*%** -0.003
(€/100 km) (0.002) (0.004) (0.002) (0.003) (0.004)
Car price X 0.014%** 0.031%**
luxury cars (0.005) (0.003)
Car price X pilot ~ -0.004 0.008%**
(0.005) (0.003)
Range CV X pilot  -0.048%** -0.050%**
(0.016) (0.019)
PV price X pilot 0.019 0.010
(0.016) (0.017)
Model
Diagnostics
LL at -21098,46 -14720,99 -21074,63 -14640,70
convergence
Wald chi2(n) 386.91 384.85
LR chi2(n) 12,748.02 12,867.85
Prob > chi2 0.000 0.000 0.000 0.000
Observations 72,504 72,504 72,504 72,504
Respondents 1311 1,076 1311 1311
Parameters 17 32 17 32

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01
significance levels, respectively. Standard errors are provided in the parentheses. Range - CV = the driving
range for petrol or diesel (CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the
corresponding attribute. All factors in the MXL model are random except for the car purchase price and the
interactions.
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Appendix Table C: One-sided t-test for equal means to test the statistical equality of the final sample and
the quota set for the target population (see Appendix table A for Quota).

T-test
Null Hypothesis: Alternative Degrees of  Mean Std. dev.  Pr (T<t) Result
HO Hypothesis: Freedom
H1
Male=50.10 Male#50.10 61,495 0.486 0.500 0.000 Reject HO
Young =29.50 Young #29.50 61,495 0.301 0.459 0.000 Reject HO
Old =35.90 Old #35.90 61,495 0.370 0.483 0.000 Reject HO
Attica = 43.50 Attica #43.50 61,495 0.458 0.498 0.000 Reject HO
North GR =30.30  North GR # 61,495 0.311 0.463 0.000 Reject HO
30.30
Higher education=  Higher 61,495 0.311 0.470 0.000 Reject HO
35.00 education# Reject HO
35.00

Appendix Table D: Results from Wald test for ASC estimates’ equality from Appendix Table .

Wald test
Null Hypothesis: HO  Alternative chi2(1) Prob<chi2(1) Result
Hypothesis: H1
ascBEV=ascBEVPV  ascBEV#ascBEVPV  0.380 0.540 Do not reject HO
ascBEV=ascCV ascBEV#ascCV 10.730 0.001 Reject HO
ascBEV=ascPHEV ascBEV#ascPHEV 0.580 0.448 Do not reject HO
ascBEV=ascHEV ascBEV#ascHEV 0.020 0.888 Do not reject HO
ascCV=ascHEV ascCV#ascHEV 58.910 0.002 Reject HO
ascCV=ascPHEV ascCV#ascPHEV 38.080 0.000 Reject HO
ascHEV=ascPHEV ascHEV#ascPHEV 1.010 0.316 Do not reject HO
ascHEV=ascBEVPV  ascHEV#ascBEVPV  0.040 0.837 Do not reject HO
asPHEV=ascBEVPV  asPHEV#ascBEVPV  0.120 0.727 Do not reject HO
ascCV=ascBEVPV ascCV#ascBEVPV 9.910 0.002 Reject HO

Appendix Table E: Estimation results of the MXL model, including interactions between the attributes
and different consumer and household-related characteristics as observed through the answers in the
survey (received second DCE or not and residence).

Main Effects Interactions ~ Main Effects Interactions
Mean Std. dev. replied both  Mean Std. dev. Athens North
(s.e.) (s.e.) DCE:s (vs. (s.e.) (s.e.) (vs. Greece
replied only Central (vs.
1st DCE) Greece) Central
Greece)
Car Price (1,000 -0.038*** -0.004 -0.036%** -0.004 -0.015%*
€) (0.004) (0.005) (0.005) (0.006) (0.007)
Conventional 2.32]%** 3.128*** 2,370*** 3.038%**
(0.195) (0.106) (0.194) (0.109)
Hybrid 1.965%**  2.410%** 1.992%** 2.361***
(0.189) (0.093) (0.189) (0.096)
Plug-in Hybrid 2.673%** 0.731%*** 2.631%** 0.973%**
(0.202) (0.090) (0.208) (0.116)
Battery Electric 2.425%%* 1.273%*%* 2.492%** 1.286%***
(0.158) (0.091) (0.156) (0.093)
Battery Electric +  2.458%%* -1.082%** 2.574%** -1.194 %+
PVs (0.197) (0.100) (0.199) (0.095)
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Range — CV (100
km)

Range - electric
(PHEV) (100 km)
Range - electric
(BEV) (100 km)
Normal charg.
time (h)

Fast charg. time
(min)

Wallbox subsidy

Free Parking

PVs capacity
(kWp)
PV price (1,000 €)

Operating costs
(€/100 km)

Model Diagnostics
LL at convergence
LR chi2(15)

Prob > chi2
Observations
Respondents
Parameters

-0.001 0.244%%+
(0.023) (0.010)
0.362%%  -0.875%%*
(0.153) (0.104)
-0.041 0.241%%*
(0.032) (0.015)
-0.021 0.184%%*
(0.020) (0.012)
-0.002 0.010%**
(0.003) (0.002)
0.220%%% (. 227%xx
(0.067) (0.067)
0.043 0.048
(0.062) (0.062)
-0.006 -0.015
(0.023) (0.013)
-0.014 0.013
(0.013) (0.012)
20.012%%  0.009%*
(0.005) (0.004)
-11,776.77

10,986.52

0.000

59,616

1,076

40

-0.035
(0.023)
0.248%*
(0.121)
-0.002
(0.034)
-0.022
(0.022)
0.002
(0.003)
-0.051
(0.080)
0.007
(0.077)

-0.010%
(0.006)

-0.058%*
(0.028)
0.471%*
(0.195)
-0.042
(0.033)
-0.042%
(0.023)
0.000
(0.003)
0.254%++
(0.082)
0.008
(0.079)
-0.075%
(0.041)
0.022
(0.028)
-0.012%*
(0.006)

-11771.28
10,929.94
0.000
59,616
1,076

53

0.208***
(0.010)
-0.920%**
(0.097)
0.233%%x
(0.014)
0.182%%*
(0.012)
0.010%**
(0.002)
0.119
(0.080)
0.039
(0.064)
-0.014
(0.014)
0.007
(0.012)
0.0.10
(0.004)
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0.094**% 0,034
(0.031) (0.033)
0.187 0.540%%*
(0.189) (0.207)
-0.008 -0.005
(0.040) (0.043)
0.019 -0.015
(0.027) (0.030)
0.001 -0.001
(0.004) (0.004)
0.026 -0.140
(0.099) (0.107)
0.080 0.015
(0.096) (0.104)
0.071 0.085*
(0.044) (0.048)
-0.035 -0.047
(0.033) (0.036)
-0.006 -0.012
(0.007) (0.008)

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance levels,
respectively. Standard errors are provided in the parentheses. Range - CV = the driving range for petrol or diesel

(CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the corresponding attribute. All factors
in the MXL model are random except for the car purchase price and the interactions.

Appendix Table F: Estimation results of the MXL model, including interactions between the attributes
and different consumer and household-related characteristics as observed through the answers in the
survey (size of the new car and whether it will be new or used).

Main Effects Interactions
Mean (s.e.) Std. dev. small car large car new car (Vs.
(s.e.) (vs. medium  (vs. medium  used car)
car) car)
Car Price (1,000 €) -0.052%** -0.038*** 0.023%** 0.014%**
(0.005) (0.006) (0.006) (0.005)
Conventional 2.712%** 3.178***
(0.206) (0.113)
Hybrid 2.328%%* 2.4]18%**
(0.193) (0.089)
Plug-in Hybrid 3.065%*** 0.738%**
(0.209) (0.133)
Battery Electric 2.920%** 1.285%**
(0.163) (0.099)
Battery Electric + PVs 2.993%** -0.983***
(0.205) (0.124)
Range — CV (100 km) -0.011 0.242%** -0.020 0.1 12%%* 0.054%*
(0.026) (0.010) (0.028) (0.041) (0.027)
Range - electric (PHEV) (100 -0.275 -0.844%** 0.189 0.244 -0.073
km) (0.172) (0.112) (0.170) (0.252) (0.166)
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Range - electric (BEV) (100 km)  -0.069**

Normal charg. time (h)
Fast charg. time (min)
Wallbox subsidy

Free Parking

PVs capacity (kWp)
PV price (1,000 €)
Operating costs (€/100 km)
Model Diagnostics

LL at convergence

LR chi2(15)

Prob > chi2
Observations

Respondents
Parameters

(0.032)
-0.052%*
(0.021)
-0.002
(0.003)
0.286%**
(0.071)
-0.036
(0.067)
0.010
(0.035)
-0.026
(0.023)
-0.020%**
(0.005)

-11,696.39
10,933.57
0.000
59,616
1,076

64

0.264%%+
(0.018)
0.185%%
(0.013)
0.009%**
(0.002)
0.178%*
(0.073)
0.054
(0.061)
-0.004
(0.014)
0.023*
(0.013)
0.005
(0.004)

0.012
(0.037)
0.002
(0.023)
-0.003
(0.003)
-0.051
(0.082)
0.075
(0.079)
-0.001
(0.035)
0.007
(0.027)
-0.001
(0.006)

-0.093%*
(0.050)
0.045
(0.040)
0.002
(0.006)
-0.385%**
(0.150)
0.090
(0.147)
-0.013
(0.066)
0.030
(0.049)
0.019%
(0.011)

0.041
(0.034)
0.018
(0.023)
0.008***
(0.003)
-0.042
(0.081)
0.105
(0.077)
-0.032
(0.035)
0.014
(0.026)
-0.003
(0.006)

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance levels,
respectively. Standard errors are provided in the parentheses. Range - CV = the driving range for petrol or diesel

(CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the corresponding attribute. All factors
in the MXL model are random except for the car purchase price and the interactions.

Appendix Table G: Estimation results of the MXL model, including interactions between the attributes
and different consumer and household-related characteristics as observed through the answers in the
survey (garage at home and intention to install PVs).

Main Effects Interactions Main Effects Interactions
Mean (s.c.) Std. dev. Home garage ~ Mean (s.c.) Std. dev. Intend to
(s.e) (vs. no home (s.e)) install PVs
garage) (vs. they do
not)
Car Price (1,000 €) 0.049%** 0.015%** 20,047 %** 0.022 %%
(0.004) (0.004) (0.003) (0.005)
Conventional 2.389%# 3.080%%* 2.339%wx 3.154%%x
(0.195) (0.113) (0.194) (0.109)
Hybrid 2.013%%* 2.419%%* 1.99] *#* 2.406%**
(0.191) (0.096) (0.188) (0.092)
Plug-in Hybrid 2.629%%* 0.838%#* 2.660%%* 0.703#==
(0.205) (0.110) (0.202) (0.091)
Battery Electric 2.497%%* 1.241%%* 2.466%%* 1.295%**
(0.157) (0.094) (0.156) (0.096)
Battery Electric + PVs ~ 2.554%%%* -1.143%%* 2.556%%* -1.145%%=*
(0.198) (0.096) (0.199) (0.100)
Range petrol (per km) — -0.164%%* 0.238%**  ().165%** -0.019 0.239#= 0.026
(0.042) (0.010) (0.041) (0.020) (0.010) (0.028)
Range — CV (100 km) 0.442 -0.822%%*%  _0.667*** -0.211 -0.835%** 0.101
(0.272) (0.103) (0.255) (0.140) (0.106) (0.162)
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Range - electric
(PHEV) (100 km)

Range - electric
(BEV) (100 km)

Fast charg. time (min)

Wallbox subsidy

Free Parking

PVs capacity (kWp)

PV price (1,000 €)

Operating costs
(€/100 km)

Model Diagnostics
LL at convergence
LR chi2(15)

Prob > chi2
Observations
Respondents

Parameters

0.183%%%  0244%%x  (,]48%%*
(0.050) (0.016) (0.048)
-0.034%* 0.182%*%*  _0.004
(0.015) (0.012) (0.019)
0.001 0.010%**  -0.002
(0.002) (0.002) (0.003)
0.195% %+ 0.212%%*  0.028
(0.054) (0.074) (0.076)
0.078 0.054 -0.055
(0.051) (0.061) (0.073)
-0.006 -0.016 -0.013
(0.028) (0.014) (0.033)
-0.015 0.008 0.007
(0.017) (0.012) (0.025)
-0.004 0.009%**  .0.016
(0.011) (0.004) (0.011)
-11,777.120

10,954.930

0.000

59,616

1,076

42

101
-0.041%* 0.24 5%+ -0.005
(0.022) (0.016) (0.037)
0.031%* 0.179%w+ -0.021
(0.015) (0.012) (0.024)
-0.003 0.009%#% -0.009%**
(0.002) (0.001) (0.003)
0.185%* 0.236%* 0.055
(0.048) (0.065) (0.086)
-0.010 0.061 0.203**
(0.045) (0.063) (0.083)
-0.002 -0.011 -0.039
(0.026) (0.014) (0.038)
-0.023 0.020%* 0.037
(0.015) (0.011) (0.028)
-0.018%**  0.006* -0.002
(0.004) (0.004) (0.007)
-11,767.971
10,885.680
0.000
59,616
1,076
42

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance levels,
respectively. Standard errors are provided in the parentheses. Range - CV = the driving range for petrol or diesel

(CV, HEV, PHEYV). Blank spaces are shown when there are no estimates for the corresponding attribute. All factors
in the MXL model are random except for the car purchase price and the interactions.

Appendix Table H:. Estimation results of the MXL model, including interactions between the attributes
and different consumer and household-related characteristics as observed through the answers in the
survey (installation of home charger if it is fully subsidized by the government).

Main Effects Interactions
Mean (s.e.) Std. dev. Would install Would not install charger
(s.e.) charger due to technical issues
(vs. would not for  (vc. would not for other
other reasons) reasons)
Car Price (1,000 €) -0.043%%%* 0.001 -0.029%*
(0.005) (0.006) (0.012)
Conventional 2.452%%% 2.857%**
(0.196) (0.119)
Hybrid 1.329%** -2.649%%*
(0.196) (0.110)
Plug-in Hybrid 2.190%* -1.558%%*
(0.206) (0.088)
Battery Electric 2.7727%** 1.072%%*
(0.164) (0.109)
Battery Electric + 2.564%%* 1.586%**
PVs (0.214) (0.126)
Range — CV (100 km)  -0.059** -0.123 %% 0.11]%*= 0.062
(0.029) (0.019) (0.028) (0.051)
Range - electric -0.562%%* 0.885% 0.557%%* 0.432
(PHEV) (100 km) (0.196) (0.142) (0.190) (0.331)
Range - electric -0.119%%** 0.219%%* 0.1227%%* 0.063
(BEV) (100 km) (0.038) (0.027) (0.039) (0.077)
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Normal charg. time
(h)

Fast charg. time (min)
Wallbox subsidy
Free Parking

PVs capacity (kWp)
PV price (1,000 €)
Operating costs
(€/100 km)

Model Diagnostics
LL at convergence

LR chi2(15)
Prob > chi2
Observations
Respondents
Parameters

0.162%%
(0.028)
0.011 %%
(0.003)
-0.101
(0.088)
-0.039
(0.086)
-0.017
(0.040)
-0.023
(0.028)
0.011%*
(0.005)

-11,619.536
10,182.300
0.000
59,616
1,076

53

0.190%**
(0.017)
0.007%%*
(0.002)
-0.179%#*
(0.067)
0.254%%
(0.073)
0.016
(0.015)
0.031%*
(0.016)
0.000
(0.009)

0.151 %%+
(0.028)
0.014%%+
(0.004)
0.443 %
(0.099)
0.137
(0.097)
-0.005
(0.042)
0.013
(0.032)
-0.015%#*
(0.006)

0.082
(0.055)
0.000
(0.007)
0.021
(0.196)
-0.099
(0.186)
0.079
(0.074)
-0.031
(0.059)
0.008
(0.012)

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01
significance levels, respectively. Standard errors are provided in the parentheses. Range - CV = the
driving range for petrol or diesel (CV, HEV, PHEV). Blank spaces are shown when there are no

estimates for the corresponding attribute. All factors in the MXL model are random except for the car

purchase price and the interactions.

Appendix Table I: Estimation results of the MXL model, including interactions between the attributes
and different consumer and household-related characteristics as observed through the answers in the
survey (intention to replace the old car with the new one and family fleet size).

Main Effects Interacti ~ Main Effects Interactions
ons
Mean Std. dev. Replace Mean Std. dev. Haveno  Havel Have 2
(s.e.) (s.e.) old car (s.e.) (s.e.) cars (vs.  car (vs. cars (vs.
with new own3or own3or own 3 or
(vs. use more more cars)  more cars)
both) cars)
Car Price -0.046%** 0.007 -0.025%* -0.034**  -0.010 -0.024*
(1,000 €) (0.004) (0.005) (0.013) (0.017) (0.013) (0.013)
Conventional 2.344%%% 3.117%** 2.584 2.903¢
(0.193) (0.109) (0.192) (0.108)
Hybrid 1.994 %= 2.38 %% 1.913 2.142%%*
(0.189) (0.094) (0.196) (0.094)
Plug-in Hybrid ~ 2.676%** 0.773%** 2.196 1.723%%*
(0.204) (0.103) (0.211) (0.101)
Battery Electric =~ 2.474%%* 1.297%%%* 2.777 -0.768%%*
(0.157) (0.090) (0.168) (0.206)
Battery Electric =~ 2.575%%* -1.132%%* 2.740 -1.189%%*
+PVs (0.198) (0.096) (0.203) (0.157)
Range — CV -0.026 0.242%=**  0.027 0.058 0.180***  -0.169**  -0.045 -0.061
(100 km) (0.023) (0.010) (0.025) (0.058) (0.012) (0.073) (0.059) (0.060)
Range - electric ~ -0.008 -0.869%**  -0.363**  0.469 0.347***  -0.090 -0.650* -0.180
(PHEV) (100 (0.155) (0.107) (0.151) (0.342) (0.122) (0.430) (0.343) (0.348)
km)
Range - electric  -0.052* 0.240%**  0.011 -0.077 0.236***  0.001 0.022 0.042
(BEV) (100 (0.027) (0.015) (0.033) (0.075) (0.015) (0.098) (0.077) (0.079)
km)
Normal charg. -0.035%* 0.182***  -0.002 -0.069 0.220%**  -0.065 0.004 0.024
time (h) (0.017) (0.011) (0.022) (0.057) (0.012) (0.074) (0.058) (0.059)
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Fast charg. time  -0.002 0.010%** 0.004 0.005 0.014%** -0.017* -0.006 -0.007
(min) (0.002) (0.001) (0.003) (0.007) (0.002) (0.009) (0.007) (0.008)
Wallbox 0.138%* 0.221%%** 0.122 0.564 -0.286%**  -0.385 -0.328 -0.429%%*
subsidy (0.058) (0.074) (0.078) (0.200) (0.078) (0.254) (0.205) (0.210)
Free Parking 0.098* 0.028 -0.091 -0.281 0.166%** 0.410% 0.377%* 0.284

(0.054) (0.062) (0.075) (0.176) (0.078) (0.227) (0.183) (0.153)
PVs capacity -0.025 -0.012 0.024 -0.095 -0.072%**  -0.010 0.018 0.153
(kWp) (0.029) (0.013) (0.034) (0.105) (0.018) (0.123) (0.107) (0.107)
PV price (1,000  0.001 0.015 -0.027 0.087 -0.001 -0.019 -0.081 -0.133%%*
€) (0.018) (0.012) (0.025) (0.063) (0.012) (0.081) (0.066) (0.066)
Operating costs ~ -0.020***  0.009** 0.002 0.011 0.023%** -0.011 -0.033%%* -0.035%%*
(€/100 km) (0.004) (0.003) (0.006) (0.013) (0.004) (0.013) (0.013) (0.014)
Model
Diagnostics
LL at -11,785.93 -11,777.330
convergence
LR chi2(15) 10,963.54 10,876.58
Prob > chi2 0.000 0.000
Observations 59,616 59,616
Respondents 1,076 1,076
Parameters 42 64

Note: *, **_ and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance levels,
respectively. Standard errors are provided in the parentheses. Range - CV = the driving range for petrol or diesel (CV,

HEV, PHEV). Blank spaces are shown when there are no estimates for the corresponding attribute. All factors in the MXL
model are random except for the car purchase price and the interactions.

Appendix Table J: Estimation results of the MXL model, including interactions between the attributes
and different consumer and household-related characteristics as observed through the answers in the
survey (type of house and ownership).

Main Effects Interactions Main Effects Interactions
Mean (s.e.) Std. dev. Family house =~ Mean (s.e.) Std. dev. Owner (vs.
(s.e) (vs. apartment (s.e.) renting)
building)
Car Price (1,000 €) -0.047%%* 0.015%** -0.040%** -0.004
(0.004) (0.005) (0.005) (0.005)
Conventional 2.297%** 3.101%** 2.500%** 3.004%**
(0.192) (0.107) (0.191) (0.108)
Hybrid 1.933%%* 2.43] % 1.680%** 2.585% %
(0.189) (0.099) (0.191) (0.105)
Plug-in Hybrid 2.649%** 0.703%** 2.108%** 1.431%%*
(0.204) (0.096) (0.203) (0.074)
Battery Electric 2.456%** 1.268%** 2.387%%* 1.339%%*
(0.156) (0.088) (0.164) (0.087)
Battery Electric + 2.546%** -1.082% % 2.620%** 0.887%%*
PVs (0.198) (0.107) (0.201) (0.153)
Range — CV (100 km) -0.002 0.241***  -0.020 -0.021 0.167%** 0.042
(0.023) (0.010) (0.025) (0.027) (0.011) (0.026)
Range - electric -0.022 -0.921%%*  -0.465%** -0.059 -0.088 -0.219
(PHEV) (100 km) (0.151) (0.115) (0.148) (0.172) (0.091) (0.162)
Range - electric -0.026 0.244***  -0.036 -0.083** 0.253 %% 0.051
(BEV) (100 km) (0.026) (0.016) (0.032) (0.036) (0.021) (0.038)
Range - electric -0.041%* 0.185%**  (0.008 -0.080%** 0.196%** 0.036
(BEV) (100 km) (0.017) (0.012) (0.022) (0.024) (0.013) (0.025)
Fast charg. time (min)  0.001 0.010***  -0.003 -0.001 -0.011 0.002
(0.002) (0.002) (0.003) (0.003) (0.002) (0.003)
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Wallbox subsidy 0.211%** 0.236%**  -0.020 0.183%* -0.132% 0.045
(0.054) (0.067) (0.078) (0.074) (0.072) (0.087)

Free Parking 0.072 0.059 -0.056 0.049 -0.156%* 0.005
(0.052) (0.061) (0.075) (0.072) (0.072) (0.084)

PVs capacity (kWp) 0.014 -0.013 -0.058* -0.049 0.020 -0.055
(0.028) (0.013) (0.034) (0.036) (0.017) (0.037)

PV price (1,000 €) -0.033* 0.014 0.048* 0.030 0.018 -0.056%*
(0.017) (0.012) (0.025) (0.024) (0.012) (0.028)

Operating costs -0.017%%* 0.008%* -0.004 -0.013%* 0.016%** -0.010

(€/100 km) (0.004) (0.004) (0.006) (0.006) (0.004) (0.006)

Model Diagnostics

LL at convergence -11,783.99 -11,604.95

LR chi2(15) 10,966.14 10,715.15

Prob > chi2 0.000 0.000

Observations 59,616 59,616

Respondents 1,076 1,076

Parameters 42 42

Note: *, **_ and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance levels,
respectively. Standard errors are provided in the parentheses. Range - CV = the driving range for petrol or diesel

(CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the corresponding attribute. All factors
in the MXL model are random except for the car purchase price and the interactions.

Appendix Table K: Estimation results of the MXL model, including interactions between the attributes
and different consumer and household-related characteristics as observed through the answers in the

survey (mileage).

Main Effects Interactions
Mean (s.e.) Std. dev. Low Medium High mileage
(s.e.) mileage (vs.  mileage (vs.  (vs. very high
very high very high mileage)
mileage) mileage)
Car Price (1,000 €) -0.031%%%* -0.013* -0.020%%** -0.008
(0.006) (0.007) (0.008) (0.007)
Conventional 2.394%%* 2.155%%*
(0.196) (0.116)
Hybrid 2.082%%* 2.401%**
(0.191) (0.096)
Plug-in Hybrid 2.691%** 0.798%**
(0.206) (0.102)
Battery Electric 2.550%** 1.239%**
(0.158) (0.100)
Battery Electric + PVs 2.608%** -1.132%%*
(0.200) (0.100)
Range — CV (100 km) -0.107%%* 0.231%%* 0.068%* 0.167%%* 0.139%%*
(0.032) (0.011) (0.035) (0.039) (0.042)
Range - electric (PHEV) (100 -0.442%* -0.837%%* 0.330 0.194 0.320
km) (0.212) (0.098) (0.214) (0.236) (0.246)
Range - electric (BEV) (100 -0.063 0.244%%* -0.002 0.029 0.065
km) (0.047) (0.016) (0.051) (0.056) (0.059)
Normal charg. time (h) -0.087%%%* 0.171%%* 0.061* 0.072%%* 0.063*
(0.027) (0.014) (0.031) (0.035) (0.038)
Fast charg. time (min) -0.007%* 0.010%** 0.007 0.012%%** 0.006
(0.004) (0.002) (0.004) (0.005) (0.005)
Wallbox subsidy 0.049 0.267%** 0.103 0.246%* 0.340%*
(0.097) (0.065) (0.112) (0.125) (0.137)
Free Parking -0.004 0.030 0.056 0.070 0.109
(0.092) (0.063) (0.108) (0.120) (0.130)
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PVs capacity (kWp) -0.050 -0.012 0.023 0.050 0.089
(0.044) (0.014) (0.048) (0.054) (0.058)

PV price (1,000 €) -0.009 0.015 0.003 0.002 -0.025
(0.032) (0.012) (0.037) (0.041) (0.045)

Operating costs (€/100 km) -0.021%** 0.007%* 0.003 -0.001 0.007
(0.007) (0.004) (0.008) (0.009) (0.010)

Model Diagnostics

LL at convergence -11,751.17

LR chi2(15) 10,892.90

Prob > chi2 0.000

Observations 59,616

Respondents 1,076

Parameters 64

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance
levels, respectively. Standard errors are provided in the parentheses.. Range - CV = the driving range for petrol or
diesel (CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the corresponding attribute.
All factors in the MXL model are random except for the car purchase price and the interactions.

Low mileage=<5,000 km/year, Medium mileage=5,000-9,999 km/year, High mileage=10,000-19,999 km/year,
Very high mileage=>=20,000 km/year.

Appendix Table L: Estimation results of the MXL model, including interactions between the attributes
and different consumer and household-related characteristics as observed through the answers in the
survey (size of household).

Main Effects Interactions
Mean (s.e.) Std. dev. 1 person 2 members 3 members 4 members
(s.e.) alone (vs. (vs.>=5 (vs. >=5 (vs.>=5
>=5 family family family
family members) members) members)
members)
Car Price (1,000 €) -0.053%%%* 0.015 0.016 0.023%* 0.000
(0.008) (0.013) (0.009) (0.009) (0.009)
Conventional 2.388%x* 3.117%%*
(0.198) (0.112)
Hybrid 1.984 %% 2.374%%*
(0.190) (0.090)
Plug-in Hybrid 2.7707%** 0.694%**
(0.205) (0.100)
Battery Electric 2.53 ] %% 1.275%**
(0.159) (0.099)
Battery Electric + PVs 2.576%** -1.168*%*
(0.202) (0.097)
Range — CV (100 km) 0.009 0.247%%* -0.121%* -0.062 -0.070 0.069
(0.039) (0.010) (0.057) (0.044) (0.044) (0.043)
Range - electric -0.211 -0.895%%* 0.212 -0.235 0.035 0.106
(PHEV) (100 km) (0.256) (0.107) (0.359) (0.272) (0.269) (0.270)
Range - electric (BEV) -0.033 0.233%** -0.135* -0.036 -0.023 0.058
(100 km) (0.046) (0.018) (0.076) (0.055) (0.054) (0.054)
Normal charg. time (h) -0.005 0.200%** -0.031 -0.058 -0.032 -0.036
(0.033) (0.019) (0.055) (0.040) (0.038) (0.039)
Fast charg. time (min) 0.002 0.010%** -0.009 -0.005 -0.003 0.000
(0.004) (0.002) (0.007) (0.005) (0.005) (0.005)
Wallbox subsidy -0.041 0.248%%* 0.327* 0.290%* 0.285 0.233*
(0.117) (0.065) (0.196) (0.138) (0.138) (0.137)
Free Parking 0.019 0.056 -0.060 0.098 -0.062 0.094

(0.108) (0.069) (0.185) (0.131) (0.128) (0.128)
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PVs capacity (kWp) 0.000 -0.017 -0.115 -0.038 -0.071 0.072
(0.049) (0.013) (0.088) (0.057) (0.058) (0.055)

PV price (1,000 €) -0.013 0.0015 0.065 0.025 0.014 -0.036
(0.0034) (0.011) (0.063) (0.043) (0.043) (0.041)

Operating costs (€/100 -0.035 0.009%* 0.021 0.028%** 0.021%* 0.009

km) (0.008) (0.004) (0.014) (0.010) (0.010) (0.010)

Model Diagnostics

LL at convergence -11,750.07

LR chi2(15) 10,943.98

Prob > chi2 0.000

Observations 59,616

Respondents 1,076

Parameters 75

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance levels,
respectively. Standard errors are provided in the parentheses. Range - CV = the driving range for petrol or diesel
(CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the corresponding attribute. All factors
in the MXL model are random except for the car purchase price and the interactions.

Appendix Table M: Estimation results of the MXL model, including interactions between the attributes
and different consumer and household-related characteristics as observed through the answers in the
survey (number of kids living in the household).

Main Effects Interactions
Mean (s.e.) Std. dev. No kids (vs. 1 kid (vs. 2 kids (vs.
(s.e) with >=3 with >=3 with >=3
kids) kids) kids)
Car Price (1,000 €) -0.040%** -0.008 -0.001 -0.007
(0.007) (0.008) (0.009) (0.009)
Conventional 2.666%** 3.094%**
(0.198) (0.102)
Hybrid 1.842%%* 2.543% %%
(0.194) (0.103)
Plug-in Hybrid 2.485% %% 1.283%**
(0.204) (0.101)
Battery Electric 2.563%%* -1.333%%%*
(0.161) (0.072)
Battery Electric + PVs 2.786%** -0.651%%*
(0.199) (0.139)
Range — CV (100 km) -0.165%%** -0.213%%* 0.125%%* 0.219%** 0.195%**
(0.038) (0.011) (0.038) (0.042) (0.045)
Range - electric (PHEV) (100 0.299 -0.504%%* -0.095 -0.425 -0.205
km) (0.258) (0.104) (0.253) (0.275) (0.302)
Range - electric (BEV) (100 -0.062 0.086%** 0.085* 0.084 0.085
km) (0.047) (0.019) (0.051) (0.054) (0.059)
Normal charg. time (h) -0.053 0.259%*=* -0.043 -0.001 -0.053
(0.037) (0.012) (0.039) (0.042) (0.046)
Fast charg. time (min) -0.006 -0.002 0.007 0.007 0.011%=*
(0.004) (0.002) (0.005) (0.005) (0.005)
Wallbox subsidy 0.092 -0.351%%* 0.128 0.116 0.086
(0.124) (0.057) (0.135) (0.146) (0.157)
Free Parking -0.052 0.022 0.091 0.207 0.092
(0.115) (0.073) (0.126) (0.137) (0.148)
PVs capacity (kWp) -0.099* 0.022* 0.060 0.101 0.169%**
(0.055) (0.012) (0.057) (0.062) (0.064)
PV price (1,000 €) -0.032 0.087%** 0.016 -0.003 -0.024

(0.042) (0.015) (0.045) (0.048) (0.051)
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Operating costs (€/100 km)

Model Diagnostics
LL at convergence
LR chi2(15)

Prob > chi2
Observations
Respondents
Parameters

-0.026%
(0.008)

0.011%*
(0.005)

-11,753.403
10,933.540
0.000
59,616
1.076

64

0.016%
(0.009)

0.002
(0.010)

-0.005
(0.011)

Note: *, **, and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance
levels, respectively. Standard errors are provided in the parentheses. Range - CV = the driving range for petrol or
diesel (CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the corresponding attribute. All

factors in the MXL model are random except for the car purchase price and the interactions.

Appendix Table N: Estimation results from CL model with alternative-specific prices.

CL

Estimates (s.e.)

Conventional Car Price (1,000 €)
Hybrid Car Price (1,000 €)

Plug-in Hybrid Car Price (1,000
€)

Battery Electric Car Price-only
BEV (1,000 €)

Battery Electric Car Price- BEV +
PVs (1,000 €)

Conventional

Hybrid

Plug-in Hybrid

Battery Electric

Battery Electric + PVs

Range — CV (100 km)

Range - electric (PHEV) (100
km)

Range - electric (BEV) (100 km)
Normal charg. time (h)

Fast charg. time (min)
Wallbox subsidy

Free Parking

PVs capacity (kWp)

PV price (1,000 €)

-0.028%**
(0.005)
-0.022%**
(0.005)
-0.023%**
(0.005)

-0.028 %
(0.004)

-0.025%**
(0.006)

2,200
(0.206)
1,598
0.211)
1.514%%%
(0.213)
1.73 5%
(0.191)
1.603 %%
(0.224)
0.023*
(0.012)
-0.077
(0.085)
0.016
(0.016)
0.002
(0.008)
0.000
(0.001)
0.173%%x
(0.033)
0.051*
(0.028)
-0.025
(0.018)
-0.001
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Operating costs (€/100 km)

Model Diagnostics
LL at convergence
Wald chi2(n)

Prob > chi2

Observations

Respondents

Parameters

(0.010)
-0.009%**
(0.002)

-17,274.55
344.55

0.000

59,616

1,076

20

Note: *, ** and *** represent coefficients significantly
different from zero at 0.1, 0.05, and 0.01 significance

levels, respectively. Standard errors are provided in the
parentheses. Range - CV = the driving range for petrol or
diesel (CV, HEV, PHEV).

Appendix Table O: Results from Wald test for prices' coefficients equality from Appendix Table N.

Wald test

Null Hypothesis: HO Alternative Hypothesis: HI ~ chi2(1) Prob<chi2(1) Result
priceCV-priceHEV=0 priceCV-priceHEV#0 1.150 0.283 Do not reject HO
priceCV-pricePHEV=0 priceCV-pricePHEV#0 0.770 0.379 Do not reject HO
priceCV-priceEV=0 priceCV-priceEV#£0 0.000 0.985 Do not reject HO
priceCV-priceEVPV=0 priceCV-priceEVPV#0 0.260 0.609 Do not reject HO
priceHEV-pricePHEV=0 priceHEV-pricePHEV#0 0.040 0.845 Do not reject HO
priceHEV-priceEV=0 priceHEV-priceEV#0 1.160 0.281 Do not reject HO
priceHEV-priceEVPV=0 priceHEV-priceEVPV#0 0.180 0.672 Do not reject HO
pricePHEV-priceEV=0 pricePHEV-priceEV#0 0.940 0.333 Do not reject HO
pricePHEV-priceEVPV=0 pricePHEV-priceEVPV#0 0.080 0.776 Do not reject HO
priceEV-priceEVPV=0 priceEV-priceEVPV#0 0.400 0.526 Do not reject HO

Appendix Table P: Estimation results of the CL model: Exploring the effect of tax fees and subsidization
policies separately from initial prices for cars or PVs.

CL1

CL2

Estimates (s.e.)

Estimates (s.e.)

Conventional

Hybrid

Plug-in Hybrid

Battery Electric

Battery Electric + PVs

Range — CV (100 km)

Range - electric (PHEV) (100 km)
Range - electric (BEV) (100 km)
Normal charg. time (h)

Fast charg. time (min)

1.965%+*
(0.191)
1.365%%+
(0.201)
1.184%%x
(0.226)
1.269%%+
(0.231)
1.217%%
(0.247)
0.024*
(0.012)
-0.076
(0.085)
0.003
(0.016)
-0.001
(0.008)
0.000
(0.001)

1.900%+*
(0.195)
1.321%%*
(0.204)
1.120%%*
(0.230)
1.202%%%
(0.234)
1.154%%
(0.252)
0.026%*
(0.012)
-0.066
(0.085)
0.002
(0.016)
-0.001
(0.008)
0.000
(0.001)

CL3 CL 4
Estimates (s.e.)  Estimates (s.e.)
1.834%** 1.832%%**
(0.202) (0.202)
1.293%** 1.290%**
(0.203) (0.203)
1.003%** 1.001***
(0.233) (0.233)
1.214%%* 1.218%**
(0.235) (0.235)
1.150%** 1. 127***
(0.254) (0.254)
0.026** 0.027%**
(0.013) (0.013)
-0.076 -0.069**
(0.085) (0.085)
0.007 0.008
(0.016) (0.016)
-0.001 -0.003
(0.008) (0.008)
0.000 0.000
(0.001) (0.001)
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Wallbox subsidy 0.170%%** 0.171%** 0.166%** 0.165%***
(0.033) (0.033) (0.033) (0.033)
Free Parking 0.046 0.047* 0.035 0.030
(0.028) (0.028) (0.029) (0.029)
PVs capacity (kWp) -0.026 -0.023 -0.026 -0.071%*
(0.018) (0.018) (0.018) (0.032)
PV price (1,000 €) -0.001 -0.002 0.000
(0.010) (0.010) (0.010)
Initial PV price (1,000 €) 0.024
(0.016)
Subsidy for PVs (1,000 €) 0.068*
(0.040)
Operating costs (€/100 km) -0.009%*** -0.009%%** -0.009%** -0.009%**
(0.002) (0.002) (0.002) (0.002)
Initial Car Price (1,000 €) -0.010* -0.010* -0.008 -0.008
(0.006) (0.006) (0.006) (0.006)
Malus or Bonus (1,000 €) -0.047***
(0.007)
Malus (1,000 €) -0.0209%%**
(0.008)
Bonus (1,000 €) 0.060***
(0.009)
Malus for CVs (1,000 €) -0.020* -0.020*
(0.012) (0.012)
Malus for HEVs (1,000 €) -0.039 -0.038
(0.020) (0.025)
Malus for PHEVs (1,000 €) -0.029 -0.029
(0.019) (0.019)
Bonus for PHEVs (1,000 €) 0.115%** 0.115%**
(0.019) (0.019)
Bonus for BEVs (1,000 €) 0.047*** 0.047***
(0.010) (0.010)
Model Diagnostics
LL at convergence -17,252.30 -17,247.48 -17,233.73 -17,232.52
Wald chi2(n) 466,50 410.25 436.27 438.99
Prob > chi2 0.000 0.000 0.000 0.000
Observations 59,616 59,616 59,616 59,616
Respondents 1,076 1,076 1,076 1,076
Parameters 17 18 21 22

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05, and 0.01 significance
levels, respectively. Standard errors are provided in the parentheses. Range - CV = the driving range for petrol or
diesel (CV, HEV, PHEV). Blank spaces are shown when there are no estimates for the corresponding attribute.

Appendix Table P: Estimation results from CL and MXL using as variable the total price of alternative
(that is the final price of the vehicle or the filan price of the vehicle plus the final price of PVs).

CL MXL
Estimates (s.e.) Mean (s.e.) Std. dev (s.e.)
Final Total Price of alternative ~ -0.024*** -0.041%%**
(1,000 €) (0.003) (0.003)
Conventional 2.200%** 2.386%** 3.127%**
(0.181) (0.196) (0.115)
Hybrid 1.652%** 1.837%** 2.280%**
(0.185) (0.195) (0.094)
Plug-in Hybrid 1.538%*** 2.310%** 1.306%**

(0.199) (0.205) (0.190)
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Battery Electric 1.668*** 2.446%** -0.959%**
(0.183) (0.162) (0.081)

Battery Electric + PVs 1.614%%* 2.556%** 1.196%***
(0.203) (0.202) (0.095)

Range — CV (100 km) 0.024** -0.003 0.208***
(0.012) (0.019) (0.012)

Range - electric (PHEV) (100 -0.075 0.058 -0.177

km) (0.085) (0.126) (0.188)

Range - electric (BEV) (100 0.015 -0.029 0.228***

km) (0.016) (0.023) (0.030)

Normal charg. time (h) 0.000 -0.053%%** 0.206***
(0.008) (0.013) (0.016)

Fast charg. time (min) 0.000 -0.002 0.016***
(0.001) (0.002) (0.003)

Wallbox subsidy 0.173*** 0.190*** -0.196**
(0.033) (0.041) (0.084)

Free Parking 0.054* 0.057 0.117
(0.028) (0.039) (0.086)

PVs capacity (kWp) -0.001 -0.001 0.039**
(0.014) (0.020) (0.019)

Operating costs (€/100 km) -0.009%** -0.020%** 0.008*
(0.002) (0.003) (0.004)

Model Diagnostics

LL at convergence -17,282.07 -11,828.164

Wald chi2(15)/ 340.25

LR chi2(14) 10,907.81

Prob > chi2 0.000 0.000

Observations 59,616 59,616

Respondents 1,076 1,076

Parameters 15 29

Note: *, ** and *** represent coefficients significantly different from zero at 0.1, 0.05,
and 0.01 significance levels, respectively. Standard errors are provided in the
parentheses. Range - CV = the driving range for petrol or diesel (CV, HEV, PHEV).
Blank spaces are shown when there are no estimates for the corresponding attribute. All
factors in the MXL model are random except for the final total price of the alternative.



