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Title:

Modelling Consumer Preferences for Electric Vehicles in Portugal: an Exploratory Study

Abstract:

e Purpose: This study aims at understanding consumer preferences concerning Electric Vehicles (EV) in
Portugal, based on comparisons with other vehicles with different powertrains.

e Design/methodology/approach: The analysis incorporated two survey-based approaches: Choice-Based
Conjoint Analysis (CBC) and Multicriteria Decision Analysis-based (MCDA). The survey interviewed
252 respondents. The criteria characterizing each vehicle are purchase price, range, fuel consumption and
CO; emissions. Another criterion was added to verify the potential of EV privileges to influence
consumer preferences. A sensitivity analysis on the influence of purchase price and fuel price in the
global utility of the vehicles was performed.

¢ Findings: The results showed that monetary criteria are those influencing vehicle purchase decisions the
most, whereas the existence of privileges for EV owners has little relevance. EV are chosen by the
consumer only if their price decreases or if gasoline and diesel prices increase sharply. The position of
PHEV in the rankings makes the promotion of this type of vehicle an interesting path to exploit as
potential intermediates to the diffusion of EV.

e Practical implications: The results underline the need of improving technical barriers of EV that are
responsible for consumers’ relevant concerns and that a price subsidy could eventually be effective to
increase EV sales at its current market price.

e Originality/value: This study compares a wide range of vehicles (conventional, hybrid, and electric),
addresses the Portuguese market, and proposes an MCDA-based approach to obtain preference
information, which is compared with a CBC approach.

Keywords: Electric vehicles, Consumer preferences, Choice-Based Conjoint Analysis, Multicriteria Decision
Analysis



1. Introduction

Currently, the European transportation sector raises many environmental and energy independence concerns.
In Portugal, transportation is responsible for about 40% of the overall energy consumption, mainly from oil
derivatives (95%) (EUROSTAT, 2011), revealing a high dependency on oil and a significant environmental
burden. In particular, road transportation is associated with over 80% of this energy demand. Facing this
problem, the Portuguese government has been promoting energy efficiency and electric mobility through the
development of programs (such as the National Plan of Action for Energy Efficiency, in the transportation
sector, and the Mobi.e program, an electric mobility network supported by a technologic platform) and also
through specific measures to encourage the purchase of Electric Vehicles (EV) over the traditional ones
(internal combustion engine vehicles), due to their potential advantages in environmental performance and oil
independence. In this context, 1036 charging stations were built and EV purchases were subsidized with
5,000€ (only for individual consumers). Companies were granted fiscal benefits derived from acquisitions of
environmentally related products, as a way of increasing energy efficiency (Martins, 2011). EV purchases
were encouraged by credits on taxes and tax exemption of EV expenditures. Additional policies ensued, such
as a circulation tax exemption, exclusive parking places and the right to travel on high occupancy lanes.
However, these policies, which started in 2010, were not as effective as it was expected: in 2011-2012, only
289 EV were sold, according to the Automobile Association of Portugal (ACAP), mostly by public
institutions and private companies. These results positioned the Portuguese market in one of the worst
performances in the European transports field.

There are some possible explanations for the failure of a mass introduction of EV in the Portuguese market.
Firstly, these policies were introduced in a context of economic crisis, which affected the demand for
passenger light-duty vehicles overall. Another explanation for the low adoption of EV could be the lack of
prior knowledge among consumers, considered as a key determinant of acceptability of new vehicle
technologies (Thesen and Langhelle, 2008). However, previous studies suggest the use of government
policies (subsidies and/or tax incentives) to increase Alternative Fuel Vehicles (AFV) sales is generally
effective (e.g. Green and Srinivasan, 1978a; Ewing and Sarigdllii, 2000; Gallagher and Muehlegger, 2007;
Caulfield et al., 2010; Hidrue et al., 2011).

On the demand side, consumer preferences have been identified as the most relevant factor to predict changes
in the vehicles market (Ahn et al,, 2008). According to Garling and Thogersen (2001), obtaining a
satisfactory match between product characteristics and consumer preferences is crucial for increasing market
share. Thus, the broad goal of the present study is to provide insight on consumer preferences about EV in
Portugal by answering the following research questions:

R1: Which criteria consumers value the most in a vehicle purchase decision?
R2: What is the sensitivity of consumer utilities to changes in the vehicle criteria?
R3: Do EV privileges (such as reserved parking spots) play a significant role for Portuguese consumers?

To answer these questions, two survey-based approaches were used. According to Novemsky et al. (2007),
one of the elements that consumer preferences depend on is the elicitation task. Therefore, two distinct tasks
were made in order to allow us to compare results. Firstly, Conjoint Analysis (CA) was employed, which is a
popular approach to study consumer preferences, as detailed in the following sections. For that purpose a
stated preference survey was designed and applied to collect data from consumers by means of a
decomposition approach. In parallel, a Multi-Criteria Decision Analysis (MCDA)-based questionnaire was
used to collect preference data, in which respondents had a more direct role, not only in the assessment of
performance levels, by defining their own utility functions, but also by directly assigning weights to each
criterion (composition approach). This requires more detailed information from each respondent surveyed,
but yields more detailed results. One question of interest is thus to find out whether the results of the two
data-collection approaches are in agreement. As a note, Chéron and Zins (1997) used also two data collection
techniques (CA and the Nominal Group Technique) to explore the relative importance of the criteria that
could be determinant to discourage consumers from purchasing an EV. The main contribution of this paper is
to provide a detailed analysis of consumer preferences in Portugal, deriving insights about which policies can
potentially increase the circulation of more environmentally friendly vehicles.



Section 2 presents the literature review on consumer preferences for EV, followed by the research
methodology and study description in section 3. Section 4 presents and discusses the results obtained in this
research and the main conclusions can be found in section 5.

2. Literature Review

This review has two parts. Section 2.1 focuses on consumer preference studies for EV. Section 2.2 focuses on
consumer preference studies that compute part-worth utilities, i.e., the utilities corresponding to the different
criterion levels.

2.1. Consumer preference studies for EV

When it comes to the introduction of new products, such as AFV, the fact that consumers have generally no
previous contact with the product makes it harder to anticipate their preferences (Steiner ef al., 2011). This
has led to an extensive body of research of consumer preferences about EV or, more generally, AFV (which
include other fuels such as natural gas or hydrogen) in the last three decades (e.g. Bunch et al., 1993; Golob
et al., 1993; Tompkins and Bunch, 1998; Ewing and Sarig6lli, 1998; Kavalec, 1999; Brownstone et al.,
2000; Potoglou and Kanaroglou, 2007; Caulfield et al, 2010; Lin and Greene, 2010; Qian and
Soopramanien, 2011; Hoen and Koetse, 2012; Hackbarth and Madlener, 2013).

Table I lists the studies that focused on EV allowing to identify some trends. First, in the beginning, most of
the studies were developed in North America (mainly USA); however, this trend has been changing since
2010 as more studies started to be developed for European countries. Second, the most common approach has
been to collect stated preference data and to use disaggregate models (CA or discrete choice methods) to
represent consumer preferences (Beggs et al., 1981; Calfee, 1985; Segal, 1995; Chéron and Zins, 1997;
Krems et al., 2010; Zhang et al., 2011; Eggers and Eggers, 2011; Glerum et al., 2011, 2013; Hidrue et al.,
2011; Ziegler, 2012; Lebeau et al., 2012; Jensen et al., 2013). These approaches are able to forecast the
demand for new products (Beggs et al., 1981; Zhang et al., 2011) and allow analysing in detail the product
characteristics, before the introduction of these products in the market (Krems et al., 2010), which are
pointed out as the main reasons for this choice. And third, studies focused on EV usually compared these
vehicles only with Conventional Vehicles (CV), with the exception of some studies that included other
vehicles in the comparison: HEV and Natural Gas Vehicles (NGV) (Kurani et al., 1996), HEV (Eggers and
Eggers, 2011), Plug-in Hybrid Electric Vehicles (PHEV) (Lebeau et al., 2012), Compressed Natural Gas
Vehicles and Fuel Cell Vehicles (Ziegler, 2012). The present paper contributes to this literature by
comparing a wide range of vehicles (Battery Electric Vehicles - BEV, PHEV, HEV, Diesel, Gasoline) and by
addressing the Portuguese market.

2.2 Part-worth utilities estimation studies

Table II summarizes the studies that modelled consumer preferences for AFV, based on part-worth utilities.
The most frequent analysis was the computation of the relative importance of criteria (Segal, 1995; Wu et al.,
2014), by crossing the importance with consumer demographics (Kabaday ef al., 2013), or by comparing the
results with other data obtained through another data collection method (Chéron and Zins, 1997). Some
studies plotted also part-worth utility functions. Ewing and Sarigéllii (2000) used the criteria coefficients
obtained through the Multinomial Logit (MNL) model to plot part-worth utility functions for each criterion,
without, however, rescaling the coefficients in order for their sum (within each attribute) to be equal to zero,
a common procedure before plotting utility functions in CA. Wu et al. (2014) used rescaled part-worth
utilities to plot criteria utility functions; however, the research design only included two levels for each
criterion, which does not allow capturing non-linear effects. Eggers and Eggers (2011) presented a preference
distribution of the part-worth utility levels. The present paper contributes to this literature by proposing an
MCDA-based approach to obtain distributions for part-worth utilities and criteria weights and comparing it
with a traditional CA approach.



<Table I>

<Table 11>

3. Methodology

3.1. The CA model

CA was developed within the conjoint measurement area, in mathematical psychology, by Luke and Tukey
in 1964, and later it was extended to marketing research (Green et al., 2001; Kuhfeld, 2010). Through the
analysis of the trade-offs between criteria (when seeking the preferred balance between criteria levels,
consumers have to give up performance on some criteria in order to have gains in other criteria) CA exploits
the consumers’ decision process by defining which are the most determinant criteria and the most preferred
combinations of criteria levels (Green et al., 2001; Kuhfeld, 2010). This method can be defined as a
technique to measure trade-offs implicit in survey responses concerning consumer preferences and purchase
intentions, and a method to simulate how consumers react to changes in existing products or services or to
the introduction of new ones as well (Green et al., 2001). This explains why CA has been frequently used to
assess consumer preferences about vehicle choice (Segal, 1995; Chéron and Zins, 1997; Eggers and Eggers,
2011; Lebeau et al., 2012; Kabaday et al., 2013; Wu et al., 2014).

CA assumes that the utility of a product may be decomposed into criteria utilities, and that an aggregate
utility function based on criteria utilities can be estimated (Louviere, 1988; Halme and Kallio, 2011). This
method computes individual utilities of all vehicle criterion levels, called part-worth utilities, in order to
obtain a rank ordering of the sums of each product set of utilities, allowing the comprehension of the
behavioural process that leads to the choices of a population (Train, 2009; Kuhfeld, 2010).

Among the CA paradigms (rating, ranking and choice), Choice-Based Conjoint (CBC) was chosen for this
study because its collection of data (consisting in simulated purchase decisions) is simpler and more realistic
compared with product ratings (Jaeger et al., 2001; Borghi, 2009). CBC approximates the purchase process
for products in a competitive market, where consumers have to screen a set of products and indicate which
one they would buy (Orme, 2009).

Survey Analytics® software is used in this work to compute the utilities for each criterion level through the
MNL model. This model is frequently used to analyse choice conjoint data at the aggregate level, and it is
based on the Random Ultility theory. For each consumer » and for each alternative i, the random utility of the
alternative (Up;) is a sum of known explanatory variables (V,,;), named the systematic part of utility, plus a
random part of utility unknown to the analyst (&,,;) (Ben-Akiva and Lerman, 1985):

Uni = an' + &ni > foralli € Cn (1)

where, C,, is the choice set that consumer n faces; with C, ={1,...,J}(with J denoting the number of
alternatives).
The MNL model is expressed by the following equation (Ben-Akiva and Lerman, 1985):

Po(i) = —2 @)

ZjECn e’™

where,

P, (i) = probability of consumer n choosing alternative i

Vi = sum of part-worth utilities of alternative i for consumer n
Vy,j = sum of part-worth utilities of alternative j for consumer 7



The choice probabilities for all alternatives add up to one, because consumers necessarily choose one of the
available alternatives (J)

Y B() =1

In CBC part-worth utilities are usually rescaled according to the zero-centered diffs method so that the sum
within each criterion will be equal to zero (Lebeau et al., 2012).

3.2. Study design

The design of a consumer preferences study requires a definition of the alternatives and the criteria selected
to compare the alternatives. In this study, the alternatives set comprised electric powertrains available in the
Portuguese market and CV:

- BEV

- PHEV

- HEV

Gasoline

Diesel

The brand and model of the vehicles were kept anonymous to avoid the influence of brand loyalty on
preference judgements. With the exception of Glerum et al. (2012), who focused their analysis on a specific
single brand of vehicles, all the previous studies chose to use unbranded vehicles in their analysis.

In order to distinguish between the vehicles some criteria had to be selected. The criteria selection was based
on a pre-survey, designed to identify the most relevant criteria for consumers when buying a vehicle. In that
preliminary survey each respondent (376 face-to-face interviews) freely named the criteria that were
considered relevant for buying a car. The answers were analysed to obtain the frequency with which each
criterion was mentioned (merging different designations for the same aspect). Among the most frequent
criteria, (1) purchase price, (2) fuel consumption, (3) range and (4) CO, emissions were selected because they
provided a relevant differentiation between the powertrains of the vehicles set. Other frequently mentioned
criteria, such as comfort or aesthetics, were not selected because they were not distinguishing characteristics
of the powertrains. The selected criteria are among the most used in studies that assess consumer preferences
for AFV (e.g. Bunch et al., 1993; Ewing and Sarigolli, 2000; Potoglou and Kanaroglou, 2007; Lin and
Greene, 2010; Hidrue ef al., 2011; Qian and Soopramanien, 2011; Hackbarth and Madlener, 2013; Jensen et
al., 2013). Besides these criteria, the survey included the possibility of having privileges for owners of BEV
or PHEV, in order to verify the potential of these measures (existing in Portugal). The five criteria are
described in Table III.

<Table 111>

3.3 Survey description

The preference elicitation survey comprised two main sections.
Section 1 — Stated preference questions

The first set of questions consisted of Stated Preference (SP) questions, namely CBC questions about
combinations of different criteria levels defined beforehand. In order to capture non-linear utility functions
within criteria, more than two levels were defined for each criterion (with the exception of the qualitative
criterion privileges). In this study CBC consisted not only in asking respondents to choose the preferred
alternative among a set of three, but also the least preferred one resulting in a ranking of the three vehicles in
each choice set. This type of CBC questions is common in previous studies in the field (Dagsvik et al., 2002;
Train, 2008; Dagsvik and Liu, 2009; Hensher and Greene, 2011; Hoen and Koetse, 2012).



The CBC questions were obtained through an experimental design using the assigned levels for each criterion
(see Table 1IV). As the combination of all criteria and levels would result in an overwhelming number of
choice sets for each respondent to analyze (4%3%2'=288 profiles) an efficient balanced overlap fractional
factorial design was performed. This fractional factorial design that includes a small number of combinations
of the criteria levels was performed using Survey Analytics® resulting in 20 choice sets to be evaluated.
Then, four versions of the survey were used, each one consisting in five choice sets, with three alternatives
each (see an example in figure 1). A version was randomly assigned to each respondent.

<Table IV>

<Figure 1>

Section 2 — MCDA-based questions

In a second section of the survey respondents were presented with seven specific, but anonymous, vehicles
with characteristics based on existing vehicles in the Portuguese market (Table V). Then, in a procedure
based on the bisection method (for details see Belton and Stewart (2002)) respondents were asked to define a
utility function for each criterion on a 0 to 10 scale. Performance levels corresponding to utility 0 and utility
10 were already defined and respondents were asked to define the performance levels only for the remaining
scale values (2.5, 5 and 7.5 utility). This allowed capturing nonlinearities in the utility functions. Then,
respondents were also asked to directly define weights for each criterion, according to their preferences and
the scales they had defined.

<Table V>

In both sections, respondents were told to consider that all the vehicles were different versions of a model of
the same brand, having the same design, comfort, warranty and safety. Besides these two sections
respondents were also asked about their demographic characteristics, such as gender and age.

3.4 Sampling and data collection

A convenience sample was drawn according to two selection criteria: respondents must be older than 18
years old and should be potential vehicle buyers (respondents that intend or at least imagine themselves
purchasing a vehicle in the near future).

Respondents were interviewed (face-to-face) between October and December 2012. Face-to-face interviews
are more time consuming but they had several advantages compared with mail or online surveys by allowing
interaction with the interviewer in real time and to ensure that respondents clearly understand the questions.
For this reason, several recent studies chose to gather data about consumer preferences through personal
interviews (Mills, 2008; Dagsvik and Liu, 2009; Zhang et al., 2011; Achtnicht ef al., 2012), instead of the
advanced online data collection software currently available.

The number of completed surveys was 252 but only 215 were considered as valid, after excluding surveys
filled in incorrectly with inconsistent and/or missing data on relevant fields. Therefore, a total of 1075
CBC observations were collected.

Table VI presents the comparison of the respondents’ characteristics of the sample and the
characteristics of Portuguese consumers (INE, 2012). Females were underrepresented and consumers
under 30 were strongly over represented. According to the reviewed studies in the section 2, AFV were
more attractive to younger consumers (Ewing and Sarigolli, 2000; Ziegler, 2012; Hackbarth and Madlener,
2013). The respondents in this study could therefore be more likely to choose AFV in a future purchase or to
have a more favourable opinion regarding this type of vehicles. The misrepresentation of Portuguese
population is a downside of selecting a convenience sample. However, as it can be seen in previous studies
about consumer preferences, the absence of representativity is not a major concern if it allows gathering data



from a group of consumers with more interesting characteristics for the study purposes (Beggs et al., 1981;
Calfee, 1985; Potoglou and Kanaroglou, 2007; Caulfield et al., 2010; Zhang et al., 2011; Achtnicht et al.,
2012).

<Table VI>
4. Results

4.1. Comparative analysis of CA and MCDA-based results
Part-worth function model

As Halme and Kallio (2011) underlined, CA has been used in several disciplines because it enables the
evaluation and analysis of utility functions. Figure 2 depicts the part-worth utilities of CA. This model
derived from CA was able to reproduce correctly 73% of the choices made by the survey respondents. The
main advantage of this approach is providing a ready interpretability of the plotted criteria part-worth
functions, which allow observing the shapes of each preference function (Green and Srinivasan, 1978b).

MCDA-based data allowed having, for each respondent, utility functions for each criterion. These functions
were defined directly by each respondent, whereas CA obtains these functions indirectly by means of
parameter fitting (regression). In order to compare MCDA-based utility functions with the CA utility
functions on an aggregate level, an average of each level (2.5, 5 and 7.5 in the 0-10 scale) was made. The
average MCDA-based utility functions are also plotted in figure 2, allowing the comparison of the utility
functions.

It has been suggested that it is more likely to capture nonlinearities in the part-worth function for quantitative
criteria when using CA than when using a data collection method that allows respondents to disaggregate
preferences into components (such as MCDA-based questions in this study) (Sattler and Hensel-Borner,
2007). The results of this study corroborate this statement respecting to price and CO, emissions, for which
non-linearity obtained with CA contrasts with the (almost) linear utility function obtained through MCDA-
based results. Range and fuel consumption on the other hand had similar results in their utility functions.

The analysis of the slope of the utility functions allows verifying how sensitive respondents are to changes in
criteria levels: the highest the slope the highest the impact on the utility for the respondent. For example, in
the fuel consumption criterion, the slope between 2€/100km and 7€/100km is steeper than the slope between
7€/100km and 15€/100km, which means that respondents are most sensitive to an increment of fuel
consumption from 2€/100km to 4€/100km, for instance, than a similar increment from 12€/100km to
14€/100km.

Comparing the two utility functions for each criterion, it can be seen that they are similar for all criteria
except for CO, emissions. The quasi-linear MCDA-based utility function differs from the non-linear CA
utility function, in which the slope between 50 g/km and 100 g/km is much steeper than between 100 g/km
and 200 g/km, meaning that if the CO, emissions increase within the [50 g/km, 100 g/km] interval this will
have a significant impact on consumers utility, and therefore, on their vehicle purchase decisions.

As average values were used to plot MCDA-based utility functions the distribution of the criteria levels is
presented in figure 3. This figure shows, for instance, that overall respondents have a high level of agreement
about the price levels while the opposite is verified regarding the CO, emissions levels (high dispersion of
data).

<Figure 2>

<Figure 3>



Ranking analysis

Using CA and MCDA-based results, it is possible to obtain a ranking of the specific vehicles defined on
Table V.

To obtain the CA ranking the overall utility of each vehicle was computed as follows (Malhotra, 2008):

ki
U(a) = X2 X)L, «ij xij (3)

Where,

U(a) = overall utility of an alternative a

«; ;= part-worth utility associated with the level j (j=1, 2,... k;) of the criterion i (i=1,2,..., m)
k; = number of levels of criterion i

m = number of criteria

1 if the level j of the criterion i is present in the alternative a
xl-j =
0, otherwise

In MCDA, a global utility can be computed for each vehicle through the following equation (Keeney and
Raiffa, 1993):

U(a) = X%, wiyi(a) = wiuqi(a) + wouy(a) + - + wpupy(a) 4)

Where
u; (a ) = marginal utility of alternative a in criterion i
w;= weight of criterion i (i.e., weight of a marginal utility unit in criterion 7).

The MCDA-based ranking, in an aggregate level, was computed through the formula above using the levels
average already computed and also the criteria weights average of all respondents. The distribution of the
weights is presented in figure 4. It should be noted that these weights reflect scale trade-offs that depend on
the range of values considered, rather than the intuitive notion of criteria importance.

Figure 5 presents the plot of the global rankings that represent the average preferences of all respondents. The
rankings were plotted in order to enable verifying the magnitude of the utility differences between ranking
positions. Through the analysis of the rankings some comments can be made. First, BEV1 and BEV2 are
among the bottom three in both rankings. This can be due to a large resistance of respondents to BEV that
can be explained by their non-competitive characteristics regarding mainly to the limited range, higher price,
or possibly other factors not considered in this study such as batteries lifetime, long charging times, etc.
Second, the positions of BEV1 and BEV2 in both rankings suggest that privileges were more important in the
MCDA-based ranking. Third, there are HEV and PHEV powertrains in the top three positions (in both
rankings), which means that the characteristics of these vehicles potentially suit consumer preferences and
thus are the most promising AFV in the short term, while uncertainties and psychological resistance with
regards to BEV are still significant. Fourth, Gasoline is the least preferred vehicle. Gasoline vehicles used to
be dominant in Portugal, but the share of Gasoline vehicles has been decreasing steadily and now they
represent less than 30% of new vehicle sales (vs. around 70% diesel) (ACAP, 2013). The unfavourable
position of the Gasoline vehicle can represent an opportunity to try to capture those consumers to the AFV
market.



<Figure 4>

<Figure 5>

Relevance of criteria

The relevance of each criterion for CA, using the scaled part-worth utilities, was assessed through the
computation of the relative importance of each criterion in consumer purchases, w;, in which the part-worth
range of each criterion is normalized so that the m criteria importance adds up to unity (Malhotra, 2008):

. —_— Ii
Wiz s (%)

where I; denotes the difference between the highest and lowest part-worth utility of criterion i:
I; = {maxj( ;i) — minj(ocij)}, for each criterion i (6)

Equation (5) yields:
m

Z Wi = 1

i=1

According to CA, for the range of criteria levels considered in this study, fuel consumption was the most
relevant criterion, followed by price, range, CO, emissions and privileges (figure 6). These results mean that
fuel consumption was the most influential criterion, as previously concluded in other studies (Hidrue et al.,
2011; Graham-Rowe et al., 2012), by contributing in 33% to the decision-making process regarding the
vehicle purchase choice while price contributes with 24% and the existence of privileges does not have much
influence on the purchase decision.

The criteria importance considering the MCDA-based results was obtained through the computation of the
weights average across all respondents. The weights of price and fuel consumption are the ones with highest
value, and the difference between them is not statistically significant (using a paired t-test the hypothesis that
they are equal was not rejected for a level of significance equal to 0.01 once a p-value equal to 0.016 was
obtained). Together, price and fuel consumption contribute with more than 50% to the overall utility of a
vehicle.

<Figure 6>

4.2. Sensitivity analysis of CA results

This section exemplifies the potential use of the results obtained in this study, considering the CA results (a
similar analysis can be performed with the MCDA-based results). This section reports on two sensitivity
analyses concerning the criteria that, according to this study, mostly influenced vehicle purchase decisions
(price and fuel consumption), in order to verify which could be the impact of changing these criteria values
on the vehicles ranking. The first analysis consisted in the reduction of the purchase price of BEV. As
depicted on Table VII, BEV price has to decrease 5000€ from its current price for this vehicle to be the
respondents first choice. This suggests that a purchase subsidy, with the current BEV price, could be more
influent on consumer purchase decision than it was in the past.

The second analysis concerns an increase in the fuel prices (Gasoline and Diesel), maintaining the price of
electricity unchanged (Table VIII). Some observations can be done respecting to this fuel price increment: a)
the vehicles ranking does not change until the increment of fuel price reaches 70% (2,633€ and 2,292€ per



liter of Gasoline and Diesel respectively); b) even with significant higher fuel costs (up to 90%) Diesel
vehicles maintain the first position in the ranking, which shows that their other criteria values compensate
this cost increment; c¢) for a BEV to reach the first position of the ranking the fuel price has to double, which
points out that although the low cost of energy is one of the main advantages of BEV, this characteristic is
significant for vehicle purchase decisions only in a scenario where the Gasoline and Diesel prices are
considered unbearable for consumers.

<Table VII>

<Table VIII>

5. Conclusions

This study aimed to provide insight on consumer preferences for EV and it extends previous research in a
number of ways:

- It centered the analysis on consumer preferences in Portugal; to the authors’ best knowledge this is the first
study focused on the analysis of consumer preferences in the Portuguese market;

- It included in the analysis a larger vehicle set (the most realistic for the Portuguese market);

- It provided a new comparative analysis of consumer preferences data; and

- It presented high-resolution part-worth models.

The computation of the relative importance of each criterion allowed verifying that monetary criteria are
those influencing vehicle purchase decisions the most according to both survey approaches. The importance
of price confirmed its major role in the adoption process and the acceptability of new vehicle technologies
(Choy and Prizzia, 2010; Eggers and Eggers, 2011). The significant influence of fuel consumption can be
linked to the progressive increase of fuel prices in the recent years, which motivates consumers’ concern
and, consequently, could contribute to its higher relevance on future purchase decisions. However, the
sensitivity analysis suggests that the fuel price must increase at least 70% to influence consumer preferences
for EV, which means that the low fuel cost for EV does not yet compensate their limitations. This result
suggests that any policy involving extra taxes for fuels that aim promoting AFV circulation will not be
effective in a short-term. In terms of price, on the other hand, a decrease of 3,000€ for BEV would place
these vehicles in a more favourable position and a decrease of 5000€ would make them the first choice of the
average respondent. It should be noted that a decrease of 5000€ would make the BEV cost approximately the
same as the Diesel vehicle, given the current cost of a BEV (30,000€). This contrasts with the situation in the
past when the BEV cost 35,000€ and the 5000€ subsidy was insufficient to attract many buyers.

The plot of CBC part-worth utilities showed a surprising impact on respondents’ utility when changing the
CO; emissions from 50g/km to 100g/km. The fact that the sample over represents females and younger
consumers that, according to previous studies, had been considered more environmental conscious (Achtnicht
et al., 2012; Hackbarth and Madlener, 2013), is a possible explanation for this high sensitivity to a small
increase of CO, emissions. Marketing campaigns, that emphasize the major benefits of EV regarding their
overall reduced environmental impacts, directed for this more sensitive market segment could be a strategy to
encourage an increment of EV circulation.

Privileges, at the current market conditions, were not a relevant factor to raise the acceptance of EV among
respondents, which corroborates the findings of previous studies on consumer preferences about AFV in
Canada (Ewing and Sarigo6llii, 2000; Potoglou and Kanaroglou, 2007) and USA (Gallagher and Muehlegger,
2007). However, it should be noted that MCDA-based results revealed a higher importance of privileges on
consumer decisions when compared with CBC results. These results underline that providing these benefits
for EVs owners is not a priority policy as long as other technical barriers that are responsible for consumers’
concerns are not improved. Nevertheless, it is interesting to note that EV advantages were valued by
respondents.

This study confirms that consumers still have concerns in the adoption of EV. This could be explained by
limitations that consumers feel these vehicles have and by the higher price, compared to CV. The favourable



position of PHEV in the rankings makes the promotion of this type of vehicle an interesting path to exploit as
potential intermediates to the diffusion of EV, as Keith (2012) had concluded about HEV regarding the USA
market. On the other hand, the consistent bad results of Gasoline vehicles, and knowing that in 2013 there
were more than 2 million Gasoline vehicles (approximately half of the light-duty passenger vehicle fleet) in
circulation in Portugal (INE, 2014), means that there is a large market potential for electric powertrains in
Portugal that should try to capture the preference of the current owners of Gasoline vehicles. A policy that
could push the market into trading in Gasoline vehicles for electric powertrains could be providing an extra
incentive for car scrappage schemes for older (mostly Gasoline) vehicles. The success of these strategies
would allow mitigating the overall environmental impact of the transports sector by increasing the circulation
of more environmental friendly vehicles.

Future research is yet needed to address limitations of this study. First, the sample is not a perfect
representation of the Portuguese population, despite its relatively large size. Therefore, the conclusions of
this study are valid first and foremost (but not only) for the sample of this study. Second, it would be
interesting to compute individual part-worth utilities in the future in order to allow an analysis of clusters of
consumer preferences, considering their demographic characteristics and driving habits.
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Table I: Consumer preferences studies for EV.

Study Country Goal Methodology Vehicles Type of Data
compared
Beggs and USA To obtain information useful Multinomial logit N/A” Wharton auto
Cardell for projecting the demand for model characteristics
(1980) EV database and
Baltimore data set
Beggs et al. USA To assess the potential Ordered Logit EV and CV Stated
(1981) demand for EV Model (gasoline) preferences
Calfee (1985) USA To estimate the potential Multinomial logit EV and CV Stated
demand for EV and the model (gasoline) preferences
dispersion of preferences
across a subpopulation of the
public
Kurani USA To explore hypothetical Standard statistical N/A® Travel diaries
(1994) hybrid household vehicle use techniques and Interactive
stated
preferences
Segal (1995) USA To forecast EV purchases CA EV and CV Stated
(gasoline) preferences
Kurani et al. USA To examine household Activity-based EV, HEV, NGV Interactive stated
(1996) consideration of EV within the  approaches, gaming and CV preferences
context of several processes simulations, (gasoline)
interactive stated
response methods
and reflexive design
Chéron and Canada To determine which are the CA and Nominal EV Stated
Zins (1997) most determinant factors Group technique preferences
blocking the purchase of an
EV
Mills (2008) USA To identify factors that would Discrete choice N/A® Focus groups
drive the preference-adoption experiment
process of Zero emission
vehicles
Krems et al. Germany To assess the challenges and CA EV Stated
(2010) potentials of EV for everyday preferences
mobility
Hidrue et al. USA To analyse to which extent Multinomial logit EV and CV Stated
(2011) experience affects individual model (gasoline) preferences

preferences and the impact of
attitudes on the choice
between EV and CV




Study Country Goal Methodology Vehicles Type of Data
compared
Lieven et al. Germany To forecast the market Correspondence EV and CV Stated
(2011) potential of electric vehicles analysis (gasoline) preferences
Zhang et al. China To identify the factors that Binary logistic EV Stated
(2011) impact consumers’ preference regression models preferences
for AFV
Eggers and Germany To apply choice-based CA EV, Range- Stated
Eggers conjoint to analyse the future extend electric, preferences
(2011) acceptance of AFV HEV and CV
(gasoline)
Glerum et al. Switzerland To address several issues Logit model EV and CV Stated
(2011) related to the evaluation of the (gasoline and preferences
demand for EV, i.e. related to diesel)
the survey design, demand
models and forecasting
Lebeau et al. Belgium To examine the market CA EV, PHEV and Stated
(2012) potential in Flandres CV (gasoline and preferences
(Belgium) of PHEV and EV diesel)
Ziegler Germany To examine the preferences Multinomial Probit EV, HEV, CNG, Stated
(2012) for alternative energy sources models Fuel cell vehicles preferences
or propulsion technologies in and CV (diesel
vehicles and particularly for and gasoline)
EV
Glerum et al. Switzerland To present an integrated Hybrid choice EV and CV Stated
(2013) methodology to forecast the models (gasoline and preferences
demand for EV, from data diesel)
collection to prediction
Jensen et al. Denmark To analyse to which extent Mixed logit model EV and CV Stated preferences
(2013) experience affects individual (gasoline and
preferences and the impact of diesel)

attitudes on the choice
between EV and CV

* N/A: Not applicable



Table II: Consumer preference studies for AFV that used CA.

Study Focus

Method

Part-worth utilities analysis incorporated in the study

Segal (1995) EV

Chéron and Zins EV
(1997)

Ewing and AFV
Sarigo6llii (2000)

Eggers and EV
Eggers (2011)

Lebeau et al. EV and
(2012) PHEV
Kabaday et al. CV
(2013)

Wuetal. (2014) CV

Conjoint analysis

Conjoint analysis

Discrete choice experiment

Choice-based conjoint
analysis

Choice-based conjoint
analysis

Conjoint analysis

Conjoint analysis

- Computation of the relative importance of each criterion

- Computation of the relative importance of each criterion
- Comparison of the relative importance of criteria with values
directly allocated to each criterion (sum equal to 100%)

- Analysis of the part-worth graphs

- Preference distribution of the part-worth utility of each level of
criterion
- Sensitivity analysis of criteria values (effect on market shares)

- Scenario analysis (effect on market shares)
- Sensitivity analysis of criteria values (effect on market shares)

- Computation of the relative importance of each criterion
- Crossing importance with demographics

- Plot of part-worth utilities for each criterion
- Computation of the relative importance of each criterion

Table III: Description of criteria.

Criteria Description Units

Price Cost to acquire a vehicle €

Range Distance that can be driven without fuelling/charging the km
vehicle

Fuel consumption Cost to drive 100 km €/100km

CO, emissions Quantity of CO, emissions released to the environment g/km
during the usage phase of the vehicle (including electricity
generation in the case of PHEV and EV)

Privileges Existence of privileges to the vehicle owners, namely the N/A™

possibility of parking in reserved parking spots; access to
historic city centres (usually prohibited) and circulation in
high priority lanes in cities (Yes/No)

* N/A: Not applicable



Table IV: Criteria levels for experimental design.

Criteria Levels
Price 21,000€ / 26,000€ / 30,000€ / 34,000€
Range 200 km / 500 km / 800 km / 1300 km
Fuel consumption (per 100 km) 2€/ 7€/ 15€
CO2 emissions (per km) 50g/100g/200g
Privileges Yes / No
Table V: Characteristics of the set of vehicles analysed in this study.
Price Range Fuel consumption CO, emissions Privileges
(€) k) (€/100km) (g/km)
BEV1” 30000 175 2.4 50 Yes
BEV2? 29000 175 2.4 50 No
HEV 25500 2+1200” 6.59 110 No
Gasoline 25700 833 11.1¢ 170 No
Diesel 24900 1300 639 130 No
PHEV1® 28500 20+1180" 4.79 100 Yes
PHEV2? 28000 20+1180" 4.79 100 No

a) The only difference between BEV1 and BEV2, and between PHEV1 and PHEV?2 is the existence of privileges
b) Range of the electric engine + range of the internal combustion engine

¢) Considering Gasoline price = 1,549 €/L

d) Considering Diesel price = 1,348 €/L

Table VI: Demographics of consumers.

Percent (%)

Variable Sample Portugal
Gender

Female 40 47

Male 60 53
Age

<20 4 2

[20,30] 54 12

[30,40( 8 15

[40,50( 10 15

[50,60( 20 13

>=60 43 16




Table VII: Sensitivity analysis: the effect of a purchase price reduction of BEV price on the
ranking of the vehicles set.

_ Base case Purchase price reduction

Ranking —( onario 1000€ 2000€ 3000€ 4000€ 5000€ 6000€
1 Diesel Diesel Diesel Diesel Diesel BEV 1 BEV 1
2 HEV HEV HEV HEV BEV 1 Diesel BEV 2
3 PHEV 1 PHEV 1 PHEV 1 BEV 2 BEV 2 BEV 2 Diesel
4 PHEV 2 PHEV 2 PHEV 2 BEV 1 HEV HEV HEV
5 BEV 2 BEV 2 BEV 2 PHEV 1 PHEV 1 PHEV 1 PHEV 1
6 BEV 1 BEV 1 BEV 1 PHEV 2 PHEV 2 PHEV 2 PHEV 2
7 Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline

Table VIII: Sensitivity analysis: the effect of fuel price increase on the ranking of the vehicles set.

_ Base case Fuel Price (Gasoline and Diesel)
Ranking scenario  60% higher  70% higher  80% higher  90% higher  100% higher

1 Diesel Diesel Diesel Diesel Diesel BEV 2

2 HEV HEV HEV BEV 2 BEV 2 Diesel

3 PHEV 1 PHEV 1 PHEV 1 BEV 1 BEV 1 BEV 1

4 PHEV 2 PHEV 2 BEV 2 PHEV 1 PHEV 1 PHEV 1

5 BEV 2 BEV 2 PHEV 2 HEV HEV PHEV 2

6 BEV 1 BEV 1 BEV 1 PHEV 2 PHEV 2 HEV

7 Gasoline Gasoline Gasoline Gasoline Gasoline Gasoline




Figure 1. Example of a stated preference scenario.

Price Range Fuel consumption CO, Emissions Privileges
Vehicle A 34.000 € 800 km 2 €/100km 50 g/km Yes
Vehicle B| 21.000 € 800 km 15 €/100km 200 g/km No
Vehicle C| 26.000 € 500 km 2 €/100km 50 g/km Yes
Price Range Fuel consumption CO, Emissions Privileges
Vehicle A| 21.000 € | 1300 km 7 €/100km 200 g/km No
Vehicle B| 34.000 € 500 km 7 €/100km 50 g/km No
Vehicle C| 30.000 € 800 km 7 €/100km 100 g/km No
Price Range Fuel consumption CO, Emissions Privileges
Vehicle A| 34.000 € 800 km 7 €/100km 100 g/km Yes
Vehicle B| 30.000 € 500 km 2 €/100km 100 g/km Yes
Vehicle C| 30.000 € 1300 km 2 €/100km 50 g/km Yes
Price Range Fuel consumption CO, Emissions Privileges
Vehicle A| 21.000 € 500 km 2 €/100km 100 g/km Yes
Vehicle B| 26.000 € 500 km 15 €/100km 100 g/km No
Vehicle C| 30.000 € | 1300 km 15 €/100km 100 g/km No
Price Range Fuel consumption CO, Emissions Privileges
Vehicle A| 34.000 € 500 km 15 €/100km 100 g/km No
Vehicle B| 34.000 € 200 km 2 €/100km 50 g/km No
Vehicle C| 26.000 € 200 km 7 €/100km 200 g/km No

Ranking

Ranking

Ranking

Ranking

Ranking




Figure 2. Plot of part-worth utility functions.
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Figure 3. Distribution of each criterion level (the dots represent the previously defined 0
and 10 levels for each criterion).
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Figure 4. Distribution of the weights of MCDA-based results.
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