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Abstract

The impacts of climate change are becoming increasingly severe and noticeable.
Consumers are becoming more cognizant of the environmental challenges that affect
the planet. A major contributor to carbon emissions and the resulting warming cli-
mate and pollution is transportation. As a result, the selection of environmentally
friendly options in this industry is becoming a pressing matter. This study aims to
examine the reasons that motivate consumers to choose eco-friendly vehicles. The
study specifically aims to understand what factors drive consumers to purchase such
vehicles. A questionnaire was administered to the Portuguese population to deter-
mine which factors influence the decision to purchase eco-friendly vehicles, and
what type of vehicles are preferred. The study includes all types of eco-friendly
vehicles, including early-stage solutions such as fuel cell vehicles. Furthermore, the
study examines whether there is any difference in purchasing habits between genera-
tions. The study is based on several theories, including the Technology Acceptance
Model (TAM), Diffusion of Innovation (DOI), Norm Activation Model (NAM), and
Theory of Planned Behavior (TPB). Our research concludes that attitude (influenced
by the advantages, compatibility, and non-complexity) and personal norms (influ-
enced by the efficiency) are the two factors that affect positively and significantly
the intention of purchase. The preferred eco-friendly vehicle among participants was
found to be the hybrid electric vehicle, and the hydrogen fuel cell electric vehicle
was also considered. The study did not find a significant impact of generation on
purchasing decisions, but different generations were found to value different factors
when making a vehicle purchase.
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Introduction

Although the rapid progress of the global economy and technology caused civili-
zational advances and improved living conditions, it has also caused damage to the
global environment (Tu and Yang 2019). Large-scale production can trigger climate
change and global warming as the harmful emissions are mainly caused through the
burning of fossil fuels (Xu et al. 2020) to which the transport system gives a large
contribution (Asadi et al. 2021).

According to the International Energy Agency (IEA), the number of vehicles in
use worldwide is about one million (Asadi et al. 2021), implying a daily consump-
tion of approximately sixty million barrels, of which thirty-six million are associated
with private vehicles leading to the emission of 14 million tons of carbon dioxide
(Sang and Bekhet 2015). As 60% of carbon pollution in the transport industry is
caused by passenger vehicles, green vehicles are a path to reduce these emissions
(Featherman et al. 2021). Eco-vehicles are ecological vehicles made to help reduce
the consumption of non-renewable resources, as well as the amount of CO2 pro-
duced. Therefore, they work more efficiently (i.e.: using less fuel), produce less
CO2, and do not depend only on fossil fuel (TOYOTA 2021). Therefore, a vehicle
is considered “green” if it pollutes less and is more fuel efficient when compared
to other vehicles (USEPA 2022). Ecological vehicles can lead to a 30-50% reduc-
tion in carbon dioxide emissions and a 40-60% increase in fuel efficiency (Liu et al.
2019). There is also the argument considering that the increase in battery electric
vehicles (BEVs) is more favorable to achieve environmental goals than the reduction
of individual vehicles (Sonja and Fjendbo, 2018).

The main advantages of adopting an ecological vehicle are that it does not emit
greenhouse gases, it is more cost-effective in terms of fuel costs, has lower mainte-
nance costs and the fact that it can be considered more comfortable as it produces
little vibration and almost no noise (Lashari et al. 2021). However, in case of purely
electric vehicles (EVs), it must be considered that electricity must be produced from
renewable sources to be a green alternative (Degrimenci and Breitner 2017). On the
other hand, some barriers are, the high cost of purchase mainly due to the lack of
economies of scale, underdeveloped charging infrastructures, the driving range is
shorter, and the cost of a new battery is expensive (Lashari et al. 2021). It should
also be noted that the type of battery used in EVs requires the use of materials such
as lithium, nickel, and cobalt and, therefore, has a climate and environmental impact
in addition to the electrical waste they can cause (Lim 2021).

According to the European Automobile Manufacturers’ Association (ACEA), in
the second quarter of 2021, the European market share of electric vehicles increased
from 3.5% in 2020 to 7.5% in 2021 (Correia 2021). This way, it is relevant to under-
stand what are the reasons that effectively lead consumers to opt for those types of
vehicles. And, in the case of consumers who do not yet have them, understand if
they have any interest in acquiring them in the future. Additionally, and according
to Amnesty International, climate change is a fundamental issue for generation Z
(Paiva 2019). Furthermore, gen Z shoppers demand sustainable retail as most con-
sumers of this generation prefer sustainable brands (Petro 2021). By 2021, more
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than a quarter of Gen Z and millennials said their purchasing decisions were influ-
enced by the impact of certain businesses on the environment (Jahns 2021).

Therefore, it is of crucial importance to understand the factors that influence the
purchase of an ecological vehicle and in particular the perception of the different
generations towards the adoption of such solutions. Firstly, we will develop a model
which summarizes the most important factors leading to the purchase of an ecologi-
cal vehicle. Secondly, we will further develop our study to include a generational
analysis in order to understand which factors are considered relevant, by the differ-
ent age intervals, in the adoption of ecological vehicles. As we will explore in later
chapters, the literature studied different aspects of the consumer behavior and sev-
eral topics on the adoption of what are considered green solutions. However, to the
best of our knowledge, there are no studies developing a theoretical model, testing it
with real data and applying a generational analysis to this topic. Hence, we propose
to help fulfill this literature gap with our research contributions.

Market snapshot
Types, functions and producers of eco-vehicles

The first green vehicles to be produced were hybrid electric vehicles (HEV). Hybrid
vehicles run on full-size batteries and motor (Song et al. 2021). This way, an HEV
consists of a vehicle with an internal combustion engine with battery and an electric
motor that allows a reduction in emissions as well as greater fuel efficiency, that is, it
minimizes dependence on fossil fuels (Baskar et al. 2020).

Like HEV, plug-in hybrid electric vehicles (PHEV) have an electric motor and
a conventional one, but in this case, the electric motor can work without resorting
to the conventional motor as it can be charged externally (Ekonomista 2020). Thus,
PHEVs run primarily on batteries, but have a small reserve engine to extend the
range (Song et al. 2021). Moreover, it saves as much energy as electric vehicles and
is equally efficient when compared to conventional vehicles (Singh et al. 2021).
Thus, the electric motor works alone to move the vehicle, but when the battery is no
longer able to assist the engine, the internal combustion engine takes over and the
vehicle runs on fuel (Singh et al. 2021).

Micro-hybrid vehicles run on a combustion engine that is assisted by a genera-
tor/electric motor and do not need an external charger as it is the case with plug-in
hybrids (Ekonomista 2020). The main difference compared to conventional vehicles
is the possibility of the built-in generator being able to function as an engine and,
thus, energy savings are achieved when the vehicle is stationary (Melo 2016).

Battery electric vehicles (BEV) rely solely on a battery-powered electric motor.
BEVs only work with batteries charged at electrical stations (Song et al. 2021).
Since they do not have an internal combustion engine, BEVs do not create tailpipe
emissions and noise pollution is diminished. In addition, there is a higher power-to-
weight ratio, which translates into increased acceleration performance compared to
conventional vehicles (Pilkington 2019).
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Fuel cell electric vehicles (FCEV) are best known for their hydrogen option,
namely, hydrogen fuel cell electric vehicles (HFCEV). They store energy in the form
of hydrogen and generate electricity using oxygen cells (Moon et al. 2021). This
type of vehicles stores the hydrogen in a highly secure compartment, then occurs the
process of joining the hydrogen and the oxygen generating a reaction and producing
electrical energy which causes movement (Ekonomista 2020). Therefore, there is a
crucial difference between these vehicles and the other options: the hydrogen fuel
cell vehicle produces electricity on their own, meaning that they do not need to save
energy in a battery which reduces substantially the battery size (BMW 2020).

Individual versus public transportation in Portugal

In order to compare the evolution of the usage of private and public transportation,
we have analyzed the number of private vehicles in circulation and the trips per-
formed metro which serves as a proxy for other public transportation as is the most
used for pendular trips, in Fig. 1. Although the metro option has become more popu-
lar, there is a clear difference between the constant increase in vehicles in circulation
and the use of public transportation. This might mean the existence of an improving
but still incipient public transportation system (Cruz et al. 2021) that does not meet
the consumers’ needs who prefer using private transportation. This fact urges the
need to greener solutions in this area.

Evolution of electric vehicles consumption

To understand the evolution of electric vehicles consumption, the number of elec-
tric vehicles in use worldwide between 2016 and 2019 is graphically represented,

PRIVATE AND PUBLIC TRANSPORTATION
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Fig. 1 Evolution of private (left axis) and public (right axis) transportation. Source: PORDATA
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in Fig. 2. Since 2016, there has been a greater use of battery electric vehicles
instead of plug-in electric vehicles. Even so, between these years, there has been
a significant increase in the use of electric vehicles. In 2019, the number of elec-
tric vehicles in use worldwide was approximately 7.14 million, when compared to
2016, when there were only 2.01 million.

In 2020, Europe was the one with the highest registration of electric vehi-
cles—1.4 million units, followed by China with 1.2 million units and, third, the
United States with 295,000 units (IEA 2021). In 2020 the country that had the
highest number of new registrations of electric vehicles was Germany, followed
by Norway and then the United States. Portugal is in 11th position on this list,
having registered 6,880 new battery electric vehicles and 5,773 new plug-in elec-
tric vehicles as per Fig. 3 (EEA 2022).

As shown in Fig. 3, the use of electric cars is increasing more and more, and
perhaps one of the influential factors is the tax incentives and purchase incen-
tives that each country has in relation to this type of vehicles. Consequently, 20
EU Member States offer incentives such as bonus or prize payments to electric
vehicle consumers (EAMA 2020). However, 6 countries (i.e.: Belgium, Bulgaria,
Cyprus, Denmark, Latvia, and Malta) do not offer purchase incentives, but grant
reductions or tax exemptions for this type of vehicles. Lithuania is the only coun-
try that does not offer tax benefits nor incentives (EAMA 2020).

In Portugal, there are purchase incentives, for example, when buying a 100%
electric vehicle in 2021, the consumer would receive €3,000 (DECO 2021). At
the level of tax benefits, regarding the Vehicle Tax (ISV), fully electric cars are
exempt and there is a 60% reduction for hybrids and 25% for plug-in hybrids
(CGD 2021). Fully electric vehicles or vehicles powered by non-combustible
renewable energies are also exempt from the Circulation Tax (IUC) (CGD 2021).
In this way, it is not certain if this type of incentives promotes the purchase of

NUMBER OF ELECTRIC VEHICLES IN USE WORLDWIDE,
BETWEEN 2016 AND 2019
IN MILLIONS
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Fig.2 Number of electric vehicles in use worldwide (in millions). Source: Statista
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NEW ELECTRIC CAR REGISTRATIONS BY COUNTRY IN 2020
IN MILLIONS
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Fig.3 New electric vehicles by country in 2020 (in millions). Source: EEA

electric cars, but it is certain that the countries that have them are those with
more users.

Literature review
Theories and models of consumer behavior

Consumer behavior is the “consumer decisions regarding the acquisition, consump-
tion, disposition of goods, services, time and ideas by human decision-making
units over time” (Hoyer et al. 2012). The consumer behavior is often influenced by
how others will react to their beliefs (Featherman et al. 2021). According to Gold-
smith et al., (2000) people are concerned with what others think about them, and
the behavior generally depends on social reputation. Therefore, consumers often
make their choices and decisions based on their references (e.g.: friends, family, col-
leagues) and what they would do in that situation.

The Theory of Planned Behavior (TPB) was proposed by Ajzen (1991) and is
depicted in Fig. 4. It is a social cognitive model that assumes that behavior is a lin-
ear function of behavioral intentions and perceived behavior control (PBC), the per-
ception of individual control over the execution of the behavior (Sniehotta 2009).

The Norm Activation Model (NAM), depicted in Fig. 5, adds the contribution
of pro-social incentives concept, which states that consumers make their deci-
sions based on environmental attitudes (Asadi et al. 2021). Moreover, environ-
mentally friendly behavior can be seen through three components: attribution of
responsibility (AR), personal norms (PN) and awareness of consequences (AC)
(Asadi et al. 2021). The AR reflects consumers’ awareness of the negative results
of not behaving in a pro-social way and the awareness of the problem, the NPs
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show a sense of commitment towards the unfavorable results of not following
pro-social behaviors (De Groot and Steg 2007).

The Technology Acceptance Model (TAM), depicted in Fig. 6, is also relevant
in the context of this study. The model was intends to highlight the factors that
affect users’ acceptance of technology and assumes the mediating role of two
variables: perceived ease of use and perceived usefulness (Maranguié and Granié
2014).

The Diffusion of Innovation (DOI), depicted in Fig. 7, theory can be used to
understand the motivations related to the adoption of green products (Dilotsotlhe
and Duh 2021). This theory presents five perceived characteristics about innova-
tion, (1) relative advantage—innovation is perceived as superior, (2) compatibil-
ity—the innovation is perceived as consistent, (3) complexity—innovation is per-
ceived as relatively difficult to perceive and use, (4) experience—innovation can
be experimented with and (5) observation—adoption effects are visible (Dilotsot-
lhe and Duh 2021).
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Fig. 7 Diffusion of innovation theory

Previous studies on electric vehicles

Several recent studies (Rahahleh et al. 2020; Dilotsotlhe and Duh 2021; Moon et al.
2021; Song et al. 2021; Asadi et al. 2021) have focused on the factors that influ-
ence the purchase of electric vehicles. Given that there are several factors that have
already been studied to understand what drives consumers to choose an ecological
vehicle, we have divided the factors into three categories: demographic, situational
and psychological.

Demographic factors

Within the demographic group of factors, we have identified individual factors (i.e.:
gender, age, education level, income, occupation) and family factors (i.e.: number of
vehicles and accessibility of charging at home) (Li et al. 2017).

Lashari et al., (2021) indicate that men are more likely to buy EVs and younger
men (i.e.: 20 to 30 years old) showed a negative association on the purchase inten-
tion. In contrast, Li et al., (2017) reported that young, well-educated, and male
consumers are the ones with strong intentions to adopt EVs. And Simsekoglu and
Nayum (2018) mention that being middle-aged (i.e.: 30-50), having a high educa-
tion and having high incomes are characteristics that are positively associated with
the adoption and use of EVs.

As for family factors, consumers who live in a rural or sub-rural area and who
have several family members are considered the most likely to adopt BEVs (Li et al.
2017). They also add that having charging sources for BEVs at home or around
drives the intention to adopt these vehicles (Li et al. 2017).

Situational factors

Within the situational factors category, we consider the technological attributes,
the cost of the vehicle, environmental attributes, and government policies (Li et al.
2017). Regarding technological attributes, the main barriers for consumers are
the driving range of BEVs, the long battery charging time and insufficient charg-
ing structures (Li et al. 2017) while Rodrigues et al., (2021) point out that con-
sumers report that the main problem with EVs is the distance to charging stations.
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According to Rezvani et al., (2015), the reasons that lead consumers to purchase
EVs are technical factors, such as the performance of the vehicle, charging time, or
safety. Khazaei (2019), on the other hand, shows that performance expectation is the
factor that has a positive impact.

As for cost, while low operating costs are a positive factor, the high purchase cost
is a barrier to the adoption of BEVs (Li et al. 2017). Lashari et al., (2021), say that
the purchase price of the vehicle is the most important variable and Rezvani et al.,
(2015), support that the vehicle purchase cost is a reason to buy or not the vehicle.

Concerning environmental attributes, consumers are worried about the pollution
generated through the process of producing batteries and electricity (Li et al. 2017).
The studies by Wu et al., (2019), Rezvani et al., (2015), Zhang et al., (2018) and
Rodrigues et al., (2021) shows that environmental concern has a significant asso-
ciation with intentions to purchase autonomous EVs. To overcome some barriers
regarding green vehicles, governments have launched some incentives. Li et al.,
(2017) conclude that financial subsidies, tax reductions, free parking and driving
privileges positively influence the adoption of BEVs which is accordance with
Huang and Ge (2019). Additionally, Zhang et al., (2018) mention that one of the
factors that consumers consider when buying an EV is incentive policies. However,
economic incentives alone are not enough to make consumers adopt EVs (Bridi and
Alhosani 2021).

Psychological factors

Lastly, the phycological factors are comprised of experience, attitudes, emoticons,
perceived behavioral control, social influence, and symbols (Li et al. 2017). Accord-
ing to Li et al., (2017) when consumers drive BEVs, they perceive them more posi-
tively in relation to driving performance and do not consider battery charging a
problem. The study by Skippon et al., (2016) showed that BEV performance ratings
increase after trying them out, while purchase considerations decrease suggesting
that “short-range disutility outweighs the perceived benefit of better performance
and driving experience”.

Huang and Ge (2019), mention that consumers who have a positive attitude
towards the use and purchase of EVs are more likely to buy EVs. Thus, we can
infer that attitude is a strong indicator of consumer purchase intention. Moreover,
personal factors (attitude and perceived behavior control) are the main factors that
influence consumer purchase intention (Huang and Ge 2019; Moons and Pelsmacker
2012). Moons and Pelsmacker (2015) point out that emotions in relation to electric
vehicles are one of the most important factors that creates intention to buy EVs. And
yet, Tu and Yang (2019) say that when consumers believe that EVs are more benefi-
cial on a personal, environmental, and national level, or when they believe that it is
easier and more convenient to use EVs, they have a positive attitude towards them.
Another factor that has a strong impact on the attitude and purchase intention of EVs
is their environmental performance (Degrimenci and Breitner 2017).

Several studies (Dilotsotlhe and Duh 2021; Asadi et al. 2021; Moons and Pelsmacker
2015), concluded that subjective norms, perceived behavior control and economic
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attributes are positively related to the intention to purchase an EV. Also, studies that
took TAM into account (Asadi et al. 2021), concluded that perceived relative advantage
and perceived ease of use have a significant positive effect on purchase intention, while
perceived risk has a negative effect (Xu et al. 2020). Additionally, Wu et al., (2019)
showed that utility and ease of use have a significant association regarding purchase
intentions of autonomous EVs. The study of Vafaei-Zadeh et al., (2022), concludes
that perceived use and perceived ease of use have a positive effect on attitude while
attitude, subjective norms, perceived behavior control, the price value and the environ-
mental personal image have a negative impact on the intention to adopt these vehicles.
Peters and Dutschke (2014) identify the “perceived compatibility of BEV with personal
needs” as one of the most influential factors in the purchase intention of BEV.

Asadi et al. (2021), found that there are significant effects of personal norms on
EV purchase intention. They also concluded that awareness of consequences and
attribution of responsibilities are strongly and positively associated with personal
norms (Asadi et al. 2021). And yet, consumers’ awareness of the undesirable results
of conventional vehicles, together with the individual’s own commitment to these
negative results, leads to the adoption of EVs due to the moral commitment to con-
serve the environment and save existing resources (Asadi et al. 2021).

Other factors to consider are, social influence and symbolic attributes related to
EVs. According to Featherman et al., (2021) social influence positively influences con-
sumers’ purchase decisions in relation to EVs. Simsekoglu and Nayum (2018) say that
symbolic attributes are related to the social part and personal identity and are impor-
tant factors in the adoption of EVs. Consumers prefer products in which the symbolic
meanings are congruent with their personal identity (Bridi and Alhosani 2021).

In addition to the mentioned variables, the credibility of the vehicle supplier was
studied. According to Featherman et al., (2021), the supplier’s claims about the per-
formance and use of the product are considered the supplier is seen as reputable,
reliable and an expert in this field. Featherman et al. (2021), mention that the experi-
ence and reliability of the seller exert a positive and direct influence on the decision
to purchase EV and add that the seller’s expertise can reduce consumer concerns.

Comparative studies regarding the intention of purchase of EVs

When comparing EV purchase intentions in China and the US, Song et al., (2021)
found that Chinese respondents gave more importance than US respondents to the
reputation and interest of third parties, while the US placed greater importance on
economy, innovation and driving pleasure.

Sonja and Fjendbo (2018) suggest that those who own a conventional vehicle
have symbolic attitudes with greater influence while BEV users said that functional
barriers would be an important factor in the intention to purchase a BEV. Another
important aspect was the price, which is a significant factor for users of conventional
vehicles and for BEV users the same is not verified (Sonja and Fjendbo 2018).

Regarding FCEVs, technically, these can outperform BEVs in terms of a longer
driving range and longer refueling time (Moon et al. 2021). Moon et al., (2021)
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show convincing proof that consumers who tend to consider vehicles to be high-end
and who tolerate low availability of charging infrastructures are the consumers most
likely to adopt FCEV. However, according to Shin et al., (2019), EVs are preferable
to HFCVs due to differences in infrastructure and prices.

Conceptual model

We have built a Structural Equations Model (SEM) as the basis of this research in
order to explore the factors that lead consumers to opt for an ecological vehicle. This
model is summarized in Fig. 8 and is based on the following theories: TAM, DOI,
NAM, and TPB. We have defined the dependent variable as the purchase intention,
which will potentially lead to behavior, namely, purchase of ecological vehicles.
Mediation variables, which introduce a possible explanation between two variables
(Saunders et al. 2019), are defined in our model as attitude and personal norm. As
for the independent variables, we have defined the perceived utility, ease of use, rel-
ative advantage, compatibility, and complexity that are related to attitude. Further-
more, awareness of consequences, attribution of responsibility and perceived effec-
tiveness of the consumer, impact the personal norm. Lastly, attitude, knowledge,
subjective norm, perceived behavior control and personal norm influence purchase
intention and, consequently, it influences behavior.

As a complement to the main SEM, which is the basis of our research, we have
also performed several simple linear regressions using the OLS method and tech-
niques to overcome any data drawbacks. The regressions had as dependent varia-
ble the purchase intention and as independent variables, the ones identified in SEM
which were combined by groups for this purpose. The main objective of this analy-
sis is to identify the impact of generations on the purchase intention of ecological

H1
PERCEIVED UTILITY

H2
Hé6
RELATIVE ADVANTAGE B ATTITUDE
H4
H5

COMPATABILITY
| covier  py

SUBJECTIVE NORM HS INTENTION BEHAVIOUR

PERCEIVED BEHAVIOUR
CONTROL

AWARENESS OF H10
CONSEQUENCES
RESPONSABILITY HI1
PERSONAL NORM
CONSUMER PERCEIVED H12 ’
EFFECTIVENESS

Fig.8 Conceptual mode
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vehicles. Therefore, we have used a base model controlling by age and subsequent
models restricting the sample to individuals belonging to each generation. The last
analysis allows us to understand which variables are important to each generation
and if they change according to the year the individual was born.

Hypothesis

TAM suggests that what influences attitude is the perceived usefulness and the easi-
ness of use (Maranguié and Granié, 2014). In this study, perceived usefulness means
that when using an ecological vehicle, the consumer perceives it as being better for
the environment (Maranguié and Granié, 2014). The ease of use refers to the easi-
ness that consumers have in using ecological vehicles (Maranguié and Granié, 2014)
since they have a different technology from conventional ones. According to the
DOI theory, what influences attitude is relative advantage, compatibility, and com-
plexity (Dilotsotlhe and Duh 2021). The relative advantage means that ecological
vehicles are perceived as being superior (Dilotsotlhe and Duh 2021). In terms of
compatibility, this means that ecological vehicles meet the existing values, previ-
ous experiences and needs of potential consumers (Dilotsotlhe and Duh 2021). The
complexity has to do with the fact that ecological vehicles are perceived as relatively
difficult to understand and use (Dilotsotlhe and Duh 2021).
Therefore, the following hypotheses were formulated:

H1 The perceived utility has a positive effect on attitude.

H2 The perceived easiness has a positive impact on attitude.
H3 The relative advantage has a positive influence on attitude.
H4 The compatibility has a positive influence on attitude.

H5 The complexity has a negative influence on attitude.

The purchase intention of ecological vehicles can be explained through the TPB.
Thus, purchase intention is influenced through attitude, subjective norm, and per-
ceived behavioral control (Asadi et al. 2021). Attitude is the consumers’ total assess-
ment of the purchase intention of green vehicles (Asadi et al. 2021). The subjec-
tive norm concerns what consumers perceive in relation to their behavior regarding
the adoption of ecological vehicles from the perspective of the people around them
(Asadi et al. 2021). Perceived behavioral control refers to the perceived conveni-
ence or difficulty in purchasing an ecological vehicle (Asadi et al. 2021). Addition-
ally, knowledge has an impact on consumer intentions (Lewicki et al. 2021), and is
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defined as the consumers knowing the concept of an ecological vehicle and having
an interest in this type of vehicle (Bruner 2017).
Therefore, the following hypotheses were formulated:

H6 Attitude has a positive impact on the purchase intention.
H7 Knowledge has a positive impact on the purchase intention.
H8 Subjective norm is positive related to the purchase intention.

H9 The perceived behavior control has a positive relation with the intention of
purchase.

Finally, the purchase intention can be explained through personal norms, as
explained through the NAM model. In this model, personal norms are influenced by
awareness of consequences, attribution of responsibility and consumer effectiveness
(Asadi et al. 2021). Awareness of consequences concerns awareness of the fact that
traditional vehicles produce unfavorable outcomes, such as environmental pollution
and global warming (Asadi et al. 2021). The attribution of responsibility is the indi-
vidual responsibility for the consequences of using a traditional vehicle (Asadi et al.
2021). Consumer perceived effectiveness is understood as consumer beliefs regard-
ing their role in reducing the undesirable effects of using conventional vehicles, that
is, individuals’ beliefs in protecting the environment by adopting ecological vehicles
(Asadi et al. 2021). Personal norms are the moral commitment felt by individuals in
relation to the adoption of ecological vehicles instead of traditional vehicles (Asadi
et al. 2021).

Therefore, the following hypotheses were formulated:

H10 Awareness of consequences has a positive impact on personal norms.
H11 Attribution of responsibility has a positive impact on personal norms.

H12 Perceived efficiency of the consumer has a positive relation with personal
norms.

H13 Personal norms have a positive impact on the purchase intention.
As already shown by (Dilotsotlhe and Duh 2021; Asadi et al. 2021; Maranguié

and Granié 2014) purchase intention often leads to actual behavior, in this case, buy-
ing an ecological vehicle.
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Methodology
Data collection and analysis

We have obtained the data used in this research through a survey which was devel-
oped and available in Google Forms. All the participants had access to a first section
of the questionnaire informing about its purpose and objectives. The participants
were informed of the confidentiality of their data as the authors do not have access to
any identifying information (i.e.: name or e-mail). Moreover, the participants were
able to refuse to answer any question, giving their consent to participate in this study
previously to answering the questionnaire. The questions performed were devel-
oped based on previous studies explored in the literature review. Furthermore, we
have validated the questions by performing several tests by different people before
launching the questionnaire. The questionnaire was designed to take approximately
seven minutes and was structured in eight sections as per Table 1.

The measurement of each variable was also based on previously used measure-
ments. For most questions, the 5-point Likert scale was used, which measure how
much the participant agrees with the statement (where 1 corresponds to strongly
disagree and 5 to strongly agree) and the remaining questions were yes/no or mul-
tiple choice. The questionnaire was shared on social networks, and it was available
between November 13, 2021, and March 3, 2022. The study focused on Portuguese
residents and had a total of 240 participants. As all the answers were complete and
correctly answered, the final sample was also of 240 answers. We have used a sim-
ple random sampling design as we have randomly selected a subset of the Portu-
guese population. When the questionnaire was shared, the authors aimed at obtain-
ing as much diversified answers as possible, which allows an analysis by generation.

To analyze the data the authors have used the R-Studio software, mainly the
Lavaan package. First, a descriptive analysis of the sample was carried out—con-
sidering the demographic data and the control questions. Then, a comparison
was made between generations using econometric models—linear regressions.
Finally, a structural equation model was carried out to test the research model and
understand which factors lead to the intention to purchase ecological vehicles.

Table 1 Questionnaire structure

Section Purpose

Section I Study purpose

Section II Control Questions

Section IIT Factors that influence the attitude

Section IV Factors that influence the purchase intention
Section V Factors that influence the personal norms
Section VI Intention and behavior of consumers
Section VII Preferable ecological vehicle

Section VIII Demographic questions

SN Business & Economics
A SPRINGERNATURE journal



SN Bus Econ (2023) 3:148 Page 150f30 148

Descriptive statistics
Gender and generation

The sample consists of 240 participants, 159 (66.3%) female, 80 (33.3%) male, and
1 (0.4%) who preferred not to specify. Participants belong to all generations from
before Baby Boomers to generation Z. Specifically, 82 participants (34%) belong to
generation X, 70 participants (29%) belong to generation Z, 53 participants (22%)
belong to generation Millennials, 35 participants (15%) belong to generation Baby
Boomers and before.

Monthly gross income and degree

As for income, depicted in Fig. 9, 164 participants receive between €0 and €1.500
gross monthly. When comparing income by generation, generation X is the one with
the highest income. The vast majority of Gen Z earn between €0 and €1.500, while
most of millennials earn between €1.001 and €1.500 gross monthly.

In our sample, 161 (67%) participants have a high level of education—bachelor’s
or master’s degree. When comparing the level of education with income in Fig. 10,
we can see that most graduates receive between €501 and €1.500 and those with a
master’s degree receive between €1.001 and €1.500.

Ecological vehicle ownership and purchase intention

Regarding the preferred vehicle type as per Fig. 11, only 19 respondents (7.9%) have
an ecological vehicle. However, within 5 years 99 (41.2%) participants say they are
interested in purchasing this type of vehicle. Regarding the preferred ecological
vehicle, the hybrid electric vehicle was chosen by 71 participants, the hydrogen fuel

30
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Between Between Between Between Between Between >3.0001€
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Fig. 9 Gross monthly income per generation
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Fig. 11 Preferred ecological vehicle

cell vehicle was chosen by 51 participants and the battery electric vehicle was cho-
sen by 50 participants.

Variables

Participants say that they are familiar with the ecological vehicle concept (x =3.64)
and that these types of vehicles are useful, mainly in ecological terms (x =3.79).
Participants perceive ecological vehicles as being easy to drive (x =3.73). Addition-
ally, respondents show that ecological vehicles have a relative advantage mainly in
reducing pollution (x =3.82). As for compatibility, participants report that the use
of this type of vehicle is in line with their values (x =3.47). Regarding the complex-
ity of these vehicles, they say that they do not find it difficult to understand how they
work in terms of driving (x =2.36). At the attitude level, the participants demon-
strate that if they could choose, they would opt for the ecological version (x =3.48).
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They neither agree nor disagree that the use of ecological vehicles is a social trend
(x =3.17). In addition, participants are aware of the consequences and consider that
conventional vehicles are increasing environmental pollution (x =3.88). Finally,
they claim to have a common sense to protect the environment (x =4.00). Table 2
presents a summary of the most relevant variables under study.

Results
Structural equation model
Validity, reliability, and model fit

Concerning the validity and model fit of the SEM, we have used the mean and Cron-
bach’s o for each variable. Analyzing the average of the variables, we conclude that
the participants agree with the statements used to measure each variable. The reli-
ability, referring to the consistency of measure, was measured using Cronbach’s o
and summarized in Table 3.

The Cronbach’s o of all variables is above the recommended (0.70) and varies
between 0.70 and 0.72. This indicates that all the measures used have satisfactory
internal consistency and the results can be reproduced under the same conditions.

A loadings table, summarized in Table 4, is an important component of a struc-
tural equation modeling analysis, as it provides information about the strength and
direction of the relationship between each observed variable and its underlying fac-
tor. The table is organized with observed variables as rows and factors as columns,
and each cell displays the factor loading for a given variable. The factor loading
represents the correlation between the observed variable and the underlying factor
and indicates how well that variable is explained by the factor. Our table displays
high factor loadings indicating that the observed variable is strongly related to the
underlying factor.

Loadings are above 0.3 and even 0.5

Table 2 Descriptive statistics

Variable Mean Median Minimum Maximum
Knowledge 3.64 4 1 5
Utility 3.79 4 1 5
Easiness 3.73 4 1 5
Relative advantage 3.82 4 1 5
Compatibility 3.47 4 1 5
Complexity 2.36 2 1 5
Attitude 3.48 4 1 5
Subjective norm 3.17 3 1 5
Awareness of the consequences 3.88 4 1 5
Personal norm 4.00 4 1 5
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Table 3 Mean and validity

Variable Mean Cronbach’s a
Utility 3.37 0.71
Easiness 3.37 0.71
Relative advantage 3.75 0.70
Compatibility 3.29 0.70
Complexity 2.69 0.72
Attitude 3.48 0.70
Knowledge 3.34 0.71
Subjective norm 2.99 0.71
Perceived behavior control 3.61 0.70
Awareness of the consequences 3.78 0.71
Attribution of responsibility 3.23 0.71
Perceive effectiveness 2.76 0.72
Personal norm 3.60 0.72
Purchase intention 3.25 0.70

Contrarily to traditional linear regression model, the R-squared measure is not a
commonly used fit statistic for SEM. Therefore, SEM models estimate relationships
among multiple latent variables, which are not directly observable, making it dif-
ficult to compute R-squared. We have used the Root Mean Square Error of Approxi-
mation (RMSEA) and the Standardized Root Mean Square Residual (SRMR)
instead. The RMSEA is 0.072 (<0.08) and the SRMR is 0.075 (<0.08), indicating
that the model has a good fit. On the contrary, the model showed some drawbacks
concerning residuals and homoscedasticity. We have performed a Ljung-Box test,
for independence of residuals and a Shapiro—Wilk test for normality. Furthermore,
we have performed the Breusch—Pagan test for homoscedasticity. We have rejected
the null hypothesis confirming that the model has the previously mentioned limi-
tations. Therefore, we have performed a robust SEM using the method Weighted
Least Squares with Mean and Variance correction (WLSMYV) available in R-Stu-
dio. WLSMV is a robust estimation method that adjusts for non-normality in the
data and corrects for unequal variances in the residuals of the model. The method
involves weighting each data point based on its standardized residual. The weights
are chosen in a way that gives more emphasis to observations that are less likely to
deviate from the model’s prediction, thus reducing the influence of outliers on the
estimates. WLSMYV also accounts for the mean and variance correction of the data,
ensuring that the model accurately reflects the distribution of the data. This method
is particularly useful when the data deviates from normality and when the variances
of the residuals are unequal, as it provides more robust and accurate estimates in
these cases.

Econometric models

Having used the purchase intention as our dependent variable for the econometric
models summarized in Table 5, we confirmed that knowledge (p value=0.018),
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behavioral control (p value=0.063), responsibility (p value=0.060), effectiveness
(p value=0.011) and personal norm (p value =0.012) are statistically significant for
our base model. The residual standard error is 0.732, the R-square is 0.6096, and the
F-statistic is 29.54 with a p value of 2.2e2!9 which indicate a good fit.

According to the theoretical models, there are variables that influence attitude
and others that influence personal norms. Therefore, we tried to understand if the
same holds true in our sample. In separate regressions, we confirmed that the util-
ity (p value=0.009), the advantages (p value=2.84e"") and the compatibility
(p value=1.14er"7) are the variables that influencing attitude. The most signifi-
cant variables that influence personal norms are the attribution of responsibility (p
value =4.89eA=9) and perceived effectiveness (p value =1.76e™)).

Moreover, we studied whether there were differences between generations
(i.e.: the variable age was used as a proxy for generation) regarding the intention
to purchase ecological vehicles and we can conclude that this is not the case (p
value=0.177). However, performing regressions restricting the sample per genera-
tion, allowed us to conclude that different generations value different aspects. Start-
ing with baby boomers and before them, none of the variables is considered signifi-
cant. In generation X, attitude and effectiveness are statistically significant variables.
In Millennials, behavioral control and effectiveness are statistically significant vari-
ables. In generation Z, advantages, attitude, responsibility, and personal norm are
statistically significant variables. It should be noted that in Generation Z, attitude
negatively influences purchase intention, that is, even if participants prefer to opt
for an ecological vehicle over a conventional one it does not mean that they have
the intention to purchase. It can be explained that, despite considering the ecologi-
cal option, it may have negative characteristics that lead to a less positive attitude
towards this option and hence affect the purchase intention.

Test of research hypotheses

The results of the pathway analysis in Fig. 12 show that attitude is positively
and significantly explained by relative advantage ($=0.365; z value=2.233; p
value =0.026), compatibility ($=0.329; z value=2.182; p value=0.029) and com-
plexity (f=1.684; z value=2.692; p value =0.007), thus, hypothesis H3, H4 and H5
are supported. On the other hand, perceived usefulness (f=0.028; z value=0.150;
p value=0.881) and ease of use (f=— 0.754; z value=— 3.455; p=0.001) do
not influence the attitude of consumers. Therefore, hypothesis H1 and H2 are not
supported.

Additionally, awareness of consequences (f=— 0.453; z value=— 2.454; p
value=0.014) and the attribution of responsibility (#=0.107; z value=1.556; p
value=0.12) did not influence personal norms, then hypotheses H10 and H11 are
not supported. In contrast, perceived effectiveness (#=0.979; z value=4.246; p
value=0.000) positively and significantly influences personal norms, therefore,
hypothesis H12 is supported.

Attitude ($#=0.435; z value=2.739; p value=0.006) and personal norm
($=0.796; z value=4.129; p=0.000) positively and significantly influence con-
sumers’ purchase intention, thus, hypotheses H6 and H13 are supported. On the
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contrary, knowledge (#=0.180; z value=1.724; p value=0.085), the subjective
norm ($=0.012; z value=0.116; p value=0.908) and perceived behavior control
(#=0.055; z value=0.065; p value=0.394) have no effect on the intention to pur-
chase ecological vehicles. In this case, hypotheses H7, H8 and H9 are not supported.
Table 5 presents the summary of the analysis of the model under study.

Discussion

The present research model is a combination of several theories and models such as
TAM, DOI, NAM and TPB. Therefore, the proposed model studies the main fac-
tors that influence the purchase intention of ecological vehicles in Portugal. The
results summarized in Table 6 indicate that there are significant effects between per-
sonal norms and the intention to purchase environmentally friendly vehicles. Previ-
ous studies also support this result and consider personal norms as one the biggest
predictors of purchase intention for environmentally friendly behaviors (Asadi et al.
2021). Particularly, those who have greater social concerns are those who will have
more pro-environmental behaviors. Understanding this type of vehicles is essential
for the intention to purchase them.

In this study, perceived effectiveness is positively and significantly associated
with personal norms, supporting the NAM theory. Which means that the fact that
ecological vehicles help to combat the scarcity of resources and the fact that individ-
uals think about environmental protection leads to the idea that ecological vehicles
are more efficient environmentally. Consumers’ perception of their potential to influ-
ence through ecological vehicles leads to greater motivation to help against environ-
mental pollution through personal norms.

Attitude is influenced by advantages, compatibility, and complexity. This is in
line with the results of the study by Dilotsotlhe and Duh (2021). Additionally, it sup-
ports what is explained in DOI theory. Individuals consider that these types of vehi-
cles are advantageous in environmental terms to form positive attitude towards eco-
logical vehicles. Next, when green vehicles do not differ from conventional vehicles
(compatibility), consumers will favorably evaluate green vehicles. Finally, they do
not find driving an ecological vehicle frustrating or difficult, which contributes to a
positive attitude towards them. This suggest that ecological vehicles should be kept
as simple as possible if they want to have positive attitudes towards them (Dilotsot-
lhe and Duh 2021).

Purchase intention is positively and significantly influenced by consumers’ atti-
tude. Also, as shown in the studies by Asadi et al. (2021) and Vafaei-Zadeh et al.,
(2022). Specifically, the positive attitude towards this type of vehicles, as they are
environmentally friendly and in line with the participants’ value, influences the pur-
chase intention of ecological vehicles.

Moreover, the variable that most affects purchase intention is related to per-
sonal norms. That is, individuals have a moral commitment to adopting ecologi-
cal vehicles instead of conventional ones, which is essentially due to consumer
beliefs regarding their role in reducing the undesirable effects of using conventional
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Fig. 12 Conceptual model

vehicles, meaning, their beliefs in protecting the environment by adopting an eco-
logical variable. The other variable that most affects purchase intention is attitude,
consistent with the results of the study by Huang and Ge (2019) as they perceive
ecological vehicles as being superior (relative advantage). In addition, this type
of vehicles meets existing values, previous experiences, and consumer needs and
because they do not understand ecological vehicles as difficult to use, in line with
the findings of Tu and Yang (2019).

Contrary to what would be expected, knowledge, subjective norms and perceived
behavior control do not influence the purchase intention of these consumers. In this
case, the TPB is not verified, which leads us to consider that, although consumers
have knowledge about this type of vehicle, it is not enough to have the purchase
intention. Second, as the subjective norm has no impact on purchase intentions,
meaning that consumers are not influenced by the perspective of the people around
them. This evidence is also found in studies by Moons and Pelsmacker (2015) and
Huang and Ge (2019). Finally, the convenience and ease of purchasing this type of
vehicle (perceived behavior control) do not influence the purchase intention, mean-
ing that, even if there are stands with this type of vehicle and/or charging stations,
this has no impact on the purchase intention of ecological vehicles.

Finally, there was no impact verified concerning generations, that is, belonging
to a given generation does not mean that these consumers are more likely to have a
greater intention to purchase ecological vehicles. However, it was found that differ-
ent generations value different factors. In other words, marketing strategies should
consider the target audience of each generation, given that different generations con-
sider different factors to be relevant.

SN Business & Economics
A SPRINGERNATURE journal



SN Bus Econ (2023) 3:148 Page250f30 148

Table 6 Conceptual model analysis summary

Variable Coefficient Zvalue  Pvalue Result

Utility — Attitude 0.028 0.150  0.881 Not supported
Easiness of use — Attitude —0.754 —3.455 0.001 Not supported
Advantage — Attitude 0.365 2233 0.026 Supported
Compatibility — Attitude 0.329 2.182  0.029 Supported
Complexity — Attitude 1.684 2.692  0.007 Supported
Awareness of the consequences — Personal norm  — 0.453 —2.454 0.014 Not supported
Responsibility — Personal norm 0.107 1.556  0.120 Not supported
Perceived efficiency — Personal norm 0.979 4.246  0.000 Supported
Knowledge — Purchase intention 0.180 1.724  0.085 Not supported
Attitude — Purchase intention 0.435 2.739  0.006 Supported
Subjective norm — Purchase intention 0.012 0.116  0.908 Not supported
Perceived behavior control — Purchase intention 0.055 0.065 0.394 Not supported
Personal norm — Purchase intention 0.796 4.129  0.000 Supported
Conclusions

Main conclusions

The main objective of this research was to develop a model and investigate potential
factors that affect the purchase intention of ecological vehicles among the Portu-
guese consumers. We also aimed at understanding whether the fact of belonging to
a given generation had any significant impact on the purchase intention. One of the
main advantages of this study is that it is extended to all ecological vehicles and not
only to electric vehicles, as is the case of most studies.

The investigation model was performed according to TAM, TPB, DOI and NAM.
To develop our model and to acquire data, a questionnaire was carried out to the
Portuguese population. Of the thirteen research hypotheses, only six were supported
and considered to be those that affect consumers’ intention to purchase ecological
vehicles. Thus, the variables that most affect the attitude of consumers are relative
advantages, compatibility, and complexity. The variable that affects personal norms
is perceived effectiveness. Finally, the variables that significantly affect purchase
intention are attitude and personal norms.

Among the various options for ecological vehicles, the preferred one by partici-
pants is the hybrid electric vehicle, and they also consider the hydrogen-powered
vehicle as one of the potential options for a future purchase.

When we compare generations, we conclude that there are no significant effects
on purchase intention. However, different generations value different variables. In
sum, marketing campaigns must consider the different variables that most affect pur-
chase intention, to effectively reach their target audience. Furthermore, they must
show how simple these vehicles are compared to conventional ones, and their advan-
tages, specifically in terms of environmental impact.
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Limitations and recommendations for future research

This study has some limitations. First, the purchase intention of consumers in rela-
tion to ecological vehicles was studied. And while it is possible to predict actual
behavior through purchase intent, it does not always mean that having purchase
intention leads to purchase. In this sense, more research should be carried out to
predict the real behavior of Portuguese consumers in relation to the purchase of eco-
logical vehicles. A comparative analysis can also be carried out in other markets for
example in Europe.

On the other hand, this study was based on TAM, TPB, DOI and NAM. Future
studies may incorporate other theories such as the S—O-R model, risk—benefit mod-
els, agent-based-model (ABM) and theory of consumption values.

Additionally, this study was carried out during the COVID-19 pandemic, which
has influenced the global economy. So, what impact will it have on the green vehicle
industry? Some factors may affect the choice of means of transport. Consumers may
want to avoid mass transportation as it may increase contact with other people (Song
et al. 2021). In addition, consumers are experiencing an improvement in air quality,
and this may motivate them to opt for this type of vehicle (Song et al. 2021). Tesla’s
rapid growth, coupled with COVID-10 pandemic, could be a sign of growth in the
electric vehicle market, a field experiment could be useful to understand the impact
of COVID-19 on the purchase of electric vehicles.

As an example, another possible study would be to measure the environmental
impacts of different vehicles. In this sense, understand from production to use which
eco-vehicle is the most sustainable.

Finally, this study focused only on the Portuguese population, where this type of
vehicle has been growing exponentially. Therefore, these results may not be gen-
eralized to another context. More research is needed to examine and confirm our
results in the context of other countries. Additionally, future researchers will be able
to apply other data analysis methods such as machine learning and multi-criteria
decision making to investigate ecological vehicles and make comparisons to intro-
duce these vehicles more strongly.

Contributions for theory and implications for practice

The fact that it is a study focused on ecological vehicles is important to understand
the purchase intention of consumers, mainly because it is part of an important indus-
try that an impact on environmental pollution. In addition, it is a study restricted to
Portuguese consumers, where the demand for this type of vehicle has been growing
and where are few studies regarding consumer behavior in relation to this type of
vehicle.

When comparing generations, we realized that different generations have differ-
ent significant variables influencing purchase intention, which leads to the conclu-
sion that different factors influence the purchase decision towards different genera-
tions, thus contributing to make into account future marketing campaigns.
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Incorporating several theories, the present investigation supports the NAM and
DOI theories, that is, the variables that affect the purchase intention are attitude and
personal norms. For consumers to form a positive attitude, the relative advantages
of this type of vehicle must remain simple and must not differ from conventional
vehicles. Additionally, the influence that ecological vehicles have on the environ-
ment must be shown to help against environmental pollution. Consumers are more
concerned with the influence of their attitudes towards the environment than their
social status.

By studying the preferred vehicle and the interest in hydrogen powered vehicles,
we were able to provide ideas for the market as well as for the continued develop-
ment of this type of vehicles (mainly hybrid electric vehicles and hydrogen powered
vehicles) in the Portuguese market. More specifically, hydrogen powered vehicles
are starting to enter the market in Portugal (Hyundai Portugal 2021). In this sense,
the offer of this type of vehicle should increase, as well as the charging points for
hydrogen vehicles. In addition, marketing campaign for these vehicles should focus
on their environmental benefits as well as ease of loading. As for hybrid electric
vehicles, given they are preferable, vehicle companies that have this type of vehicles
in Portugal should focus on promoting them more consistently.
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