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Abstract: One of the biggest problems associated with vehicles that use internal combustion engines
is that they cause elevated levels of pollution in the places they travel through, especially if they
cause congestion. However, it is not only the level, but also probably the concentration of gases
emitted by internal combustion engines in the places where they move around that is particularly
lethal. Can the road transport sector’s electrification mitigate premature deaths from outdoor air
pollution? Our main hypothesis is that replacing internal combustion engine vehicles with electrical
ones contributes to mitigating people’s exposure to high concentrations of air pollution. To answer
the research question, a panel of 29 European countries, from 2010 to 2020, using the method of
moments quantile regression and ordinary least squares, was examined. Results support the concept
that economic growth, renewable energy consumption, and electric vehicles in all quantiles have a
negative impact on premature mortality due to air pollution. These impacts are higher on premature
mortality in lower quantiles, but gradually decrease with increasing quantile levels. The results
also reveal that methane emissions, in all quantiles except 10th, have a negative effect on premature
mortality. Nitrous oxide emissions positively impact premature mortality in all quantiles except
the 10th, and this impact increases at high quantiles. Fine particulate matter positively impacts
premature mortality in all quantiles, with the same at all levels. The ordinary least squares, used as
a robustness check, confirm that economic growth, renewable energy consumption, and methane
emissions have reduced impacts on premature mortality due to outdoor air pollution. However,
nitrous oxide emissions and fine particulate matter increase premature mortality. These results
reinforce the importance of policymakers implementing policies for road electrification.

Keywords: electrification of road transport; European countries; method of moments quantile
regression; outdoor air pollution; premature deaths

1. Introduction

The combustion processes from motor vehicles, solid fuel burning, and industry are
responsible for the increase in outdoor air pollution [1]. Outdoor air pollution is composed
of six pollutants (e.g., carbon monoxide, lead, nitrogen dioxide, ozone, particulate matter of
different size fractions, and sulphur dioxide) [2]. The intensification of outdoor air pollution
is one of the significant causes of global health problems [3]. Consistent with the World
Health Organisation (WHO) [4], the gases from outdoor air pollution mentioned before
are a risk factor for several of the world’s leading causes of death (e.g., stroke, lung cancer,
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heart disease, and respiratory diseases). This problem tends to be worsened in high-income
countries, and in transition countries from low to middle incomes [2].

In 1990, the number of premature deaths attributed to outdoor air pollution was
2.14 million, and in 2017 this value reached 3.41 million deaths around the world. In some
countries, outdoor air pollution accounts for more than 8% of deaths. For example, in Egypt,
outdoor air pollution accounted for 12% of deaths in 2017, 10% in China and Turkey, and
8% in India [3]. In the European Union (EU), which is the object of study in this empirical
investigation, the share of premature deaths attributed to outdoor air pollution was 6.72%
in 1990, and this value reached 3.71% in 2019 (as shown in Figure 1 below).
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Figure 1. Share of premature deaths from outdoor air pollution in the EU-27, between 1990–2019.
This figure was created by the authors with data from Our World in Data [3].

The figure above shows that premature deaths from outdoor air pollution in the EU-27
were reduced by −45% between 1990 to 2019. This decline is attributed to programmes
to mitigate air pollution in EU countries (e.g., electrification of road transport and energy
transition) [5]. According to Eurostat [6], the exposure to air pollution by particulate matter
(PM2.5) dropped by −14% in the EU-27 (as shown in Figure 2 below).

The figure above shows that the exposure to air pollution by PM2.5 was 14.5% in 2000,
and this value dropped to 12.60% in 2019. Consistent with the European Environmental
Agency [5], this reduction in exposure to air pollution mitigated the premature deaths
attributed to air pollution in 33% of the EU-27. Therefore, if air quality continues to improve
and the number of premature deaths per year continues to fall at a comparable rate, then
the zero-pollution target will be achieved by 2032.

This concern in reducing the exposure to air pollution is associated with the significant
part of poorer people in the EU who lives next to busy roads or industrial areas and,
thus, face higher levels of exposure to air pollution. In some cities, wealthier people live
in central, polluted areas, while in other European cities, poorer communities inhabit
the main areas [5]. Therefore, the higher population exposure to PM2.5 in particular
regions translates into higher premature deaths attributed to air pollution, generating more
economic costs. Europa [8] said that the economic costs of premature deaths from air
pollution amount to well over €20 billion a year in the EU.
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Figure 2. Exposure to air pollution by particulate matter (PM2.5) in the EU-27 between 2000–2019.
This figure was created by the authors with data from Eurostat [7].

As mentioned above by the European Environmental Agency [5], the reduction of
air pollution in the EU is related to several initiatives, such as the electrification of road
transport, and energy transition. Indeed, the evidence that the electrification of the transport
sector can mitigate air pollution in EU countries was discovered by some authors (e.g.,
Kazemzadeh et al. [9]; Fuinhas et al. [10]). For example, Kazemzadeh et al. [9] studied the
impact of battery-electric vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs) on
PM2.5 emissions in 29 European Countries. Therefore, the capacity of BEVs and PHEVs
to reduce PM2.5 emissions is correlated with the increase in energy efficiency in electric
vehicles that consume less electricity from non-renewable energy sources. This reduction
in electricity consumption reflects a decrease in air pollution emissions. Fuinhas et al. [10]
also studied the impact of electric vehicles on greenhouse gas emissions (GHGs) in the
EU-27 countries. The authors complement the explanation of Kazemzadeh et al. [9], where
the increase of electric vehicles in the EU-27 fleet will mitigate the consumption of fossil
fuels and, consequently, the GHGs. Moreover, the same authors suggest that the rise in
energy efficiency is also responsible for reducing emissions in the region.

As Kazemzadeh et al. [9] mentioned, electric vehicles are gradually penetrating the
market in the EU. Electric vehicles represented a market share of only 3.5% in 2019. On
the other hand, the BEVs accounted for 2.19%, while the PHEVs represented a 1.21%
market share. In the EU, more than half of these registrations were made in Germany,
Norway, the Netherlands, France, and the United Kingdom (e.g., Kazemzadeh et al. [9];
and Fuinhas et al. [10]. Indeed, according to the European Alternative Fuels Observatory
(EAFO) [11] and Koengkan et al. [12], the number of BEVs in the fleet in the EU that
includes, for example, passenger cars, light commercial vehicles, buses, and trucks, was
4440 units in 2008, but reached 2190. 328 units in 2021, while the number of PHEVs in
the fleet, that includes passenger cars, light commercial vehicles, buses, and trucks, was
163 units in 2012, but reached 965,460 units in 2021 (see Figure 3 below).
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Figure 3. The number of BEVs and PHEVs in the fleet in the EU between 2008 to 2021. This figure
was created by the authors with data from the European Alternative Fuels Observatory (EAFO) [11].

In other words, if the process of electrification of the transport sector mitigates the air
pollution in the EU countries, as found by Kazemzadeh et al. [9] and Fuinhas et al. [10],
then this same process also could mitigate the premature deaths from outdoor air pollution
as a consequence of the reduction in air pollution.

In the literature, the impact of electrification of the transport sector on premature deaths
from outdoor air pollution or similar studies has not been approached. Most studies linked to
the electrification of the transport sector have focused on aspects related to the consumption
of energy and air pollution, leaving aside the health aspects associated with air pollution.
Therefore, there is a gap in the literature associated with the possible externalities caused by
the electrification of the transport sector on health aspects, since the process of electrification
mitigates the consumption of fossil fuels and air pollution (e.g., PM2.5 and CO2 emissions)
and, consequently, also the problems health associated to air pollution.

What are electric vehicles replacing? Electric vehicles are mostly replacing internal
combustion vehicles. One of the biggest problems associated with vehicles that use internal
combustion engines is that they cause high levels of pollution in the places they travel
around, especially if they cause congestion. However, it is not just the level, but probably
also the concentration of gases emitted by internal combustion engines in the place where
they move around, that is particularly lethal. Due to a gap in the literature regarding
this topic of study, this investigation raises the following central question: Can the road
transport sector’s electrification mitigate premature deaths from outdoor air pollution?
Our main hypothesis is that replacing internal combustion engine vehicles with electrical
ones contributes to mitigating people’s exposure to high concentrations of air pollution.

Consequently, the increased number of electric vehicles in the fleet is expected to
reduce premature deaths from outdoor pollution. The relationship between electrification
and premature deaths was expected to be nonlinear. Indeed, it is expectable that the
percentage of deaths from outdoor air pollution will react to their causes as it increases.

Therefore, an empirical analysis will be performed to answer this central question. The
econometric model includes, as control variables, the essential variables identified in the
literature as having explanatory power on deaths from outdoor pollution. This econometric
analysis will be based on the macroeconomic panel data of 29 European countries (e.g., the
EU-27 European countries plus the United Kingdom and Norway) between 2010 and 2020.
The method of moments quantile regression (MM-QR) and ordinary least squares (OLS)
with fixed effects will be used for this task.
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Additionally, as stated above, the impact of electrification of the transport sector on
premature deaths from outdoor air pollution is not addressed by the literature. For this reason,
this investigation opted to use the literature regarding the impact of electric vehicles on air
pollution to help answer the central question and explain the results that will be found (e.g.,
Kazemzadeh et al. [9]; Fuinhas et al. [10]; Plötz et al. [13]; Zhao et al. [14]; Andersson and
Börjesson, [15]; Vilchez and Jochem [16]; Ahmadi and Kjeang [17]; Miotti et al. [18]; and
Bauer et al. [19]). Most of these studies came from the engineering areas. In the literature, few
studies from social sciences have approached the impact of electric vehicles on air pollution.
Moreover, another motivation to realise this investigation is related to the capacity of the
electrification of road transport to mitigate the PM2.5 and CO2 emissions as discovered
by Kazemzadeh et al. [9] and Fuinhas et al. [10]. Therefore, if the electrification of road
transport mitigates the PM2.5 and CO2 emissions, then this process also could mitigate the
deaths caused by PM2.5 as well as CO2 emissions. Thus, this investigation will extend and
complement the studies realised by Kazemzadeh et al. [9] and Fuinhas et al. [10].

This investigation will introduce a new analysis regarding the impact of the electrifica-
tion of the transport sector on premature deaths from outdoor air pollution in the EU-27
countries, plus the United Kingdom and Norway. This topic of research has never been
approached before by the literature. Therefore, this study can open new opportunities for
studying the link between the electrification of the transport sector and the health aspects
of air pollution. Furthermore, this investigation is innovative because it uses econometric
and macroeconomic approaches to identify the possible effect of the electrification of the
transport sector on premature deaths from air pollution. It is the first time these methodol-
ogy approaches have been employed. Lastly, the results and explanations of this study will
support policymakers and governments in developing consistent policies and initiatives
that promote the process of electrification of the road transport sector in European countries
and developing countries.

The rest of this article is set out as follows. Section 2 provides an overview of the
literature. Section 3 describes the methodology approach and data used in the study.
Section 4 presents the empirical results. Section 5 discusses the main findings, Section 6
presents the conclusions and policy implications. Finally, Section 7 reveals the limitations
and future research.

2. Literature Review

As mentioned in the previous section, none of the existing literature approaches the
impact of electric vehicles or the electrification of road transport on premature deaths
from outdoor air pollution. However, most studies on electric vehicles addressed issues
associated with air pollution in the literature, as shown in Figure 4 below.

World Electr. Veh. J. 2022, 13, 155 6 of 23 
 

very close to each other, forming almost a circle, which shows the proximity of the themes 
addressed by the articles. 

 
Figure 4. Wordnet of publications related to electric vehicles. This figure was created using the 
VOSviever software. 

The gap in the literature concerning the impact of electric vehicles or the electrifica-
tion of road transport on premature deaths from outdoor air pollution led this investiga-
tion to more closely use the literature related to this topic (e.g., the effect of electric vehicles 
or the electrification of road transport on air pollution). This investigation selected the 
most important articles that approach the impact of electric cars or the electrification of 
road transport on air pollution (e.g., Kazemzadeh et al. [9]; Fuinhas et al. [10]; Plötz et al. 
[13]; Zhao et al. [14]; Andersson and Börjesson [15]; Vilchez and Jochem [16]; Miotti et al. 
[18]; Rizza et al. [21]; Horton et al. [22]; Choma et al. [23]; Gai et al. [24]; Pan et al. [25]; 
Liang et al. [26]; and Requia et al. [27]). 

Requia et al. [27] studied the effects of electric vehicles on air quality, greenhouse gas 
emissions and human health. The authors reviewed a total of 4734 articles. The results 
showed that the electric vehicle type, energy source, driving conditions, charging pattern, 
and government policies have an impact on reducing pollution emissions. Choma et al. 
[23] investigated the United States and found that electric vehicles increased air quality. 
Rizza et al. [21], in a study for Turin (Italy), stated that the 5% share of electric vehicles 
reduces NO2, PM10, and PM2.5 pollution by 52%, 35%, and 49%, respectively, and that the 
results also showed that significant social benefits are obtained from reducing the pollu-
tion concentration. Pan et al. [25] examined the effects of electric vehicles on air pollution 
and health in the Greater Houston area. The authors found that increased O3 and PM2.5 
concentrations would result in 122 premature deaths compared to 2013. Gai et al. [24] 
identified the health and environmental benefits of using electric vehicles in Toronto, Can-
ada. The authors found that even with the worst-case scenario of 100% of electric vehicles 
being powered by natural gas, an electric car could still have significant health benefits. 
Furthermore, if all-electric cars are charged with renewable sources, 330 premature deaths 
per year can be prevented. 

Figure 4. Wordnet of publications related to electric vehicles. This figure was created using the
VOSviever software.



World Electr. Veh. J. 2022, 13, 155 6 of 21

In Figure 4 above, the VOSviewer software separates the words into categories (clus-
ters), dividing the items by colours. Each circle represents a word, and the size means
the word’s relevance in the search—the greater the number of co-occurrences, the greater
the proximity between words [20]. Indeed, in the map created, it can be seen that the
software created six categories (e.g., greenhouse gases, atmospheric pollution, atmospheric
emission, air pollution effects, greenhouse effects, and air pollution). These six categories
are very close to each other, forming almost a circle, which shows the proximity of the
themes addressed by the articles.

The gap in the literature concerning the impact of electric vehicles or the electrification of
road transport on premature deaths from outdoor air pollution led this investigation to more
closely use the literature related to this topic (e.g., the effect of electric vehicles or the electrifica-
tion of road transport on air pollution). This investigation selected the most important articles
that approach the impact of electric cars or the electrification of road transport on air pollution
(e.g., Kazemzadeh et al. [9]; Fuinhas et al. [10]; Plötz et al. [13]; Zhao et al. [14]; Andersson and
Börjesson [15]; Vilchez and Jochem [16]; Miotti et al. [18]; Rizza et al. [21]; Horton et al. [22];
Choma et al. [23]; Gai et al. [24]; Pan et al. [25]; Liang et al. [26]; and Requia et al. [27]).

Requia et al. [27] studied the effects of electric vehicles on air quality, greenhouse gas
emissions and human health. The authors reviewed a total of 4734 articles. The results showed
that the electric vehicle type, energy source, driving conditions, charging pattern, and govern-
ment policies have an impact on reducing pollution emissions. Choma et al. [23] investigated
the United States and found that electric vehicles increased air quality. Rizza et al. [21], in a
study for Turin (Italy), stated that the 5% share of electric vehicles reduces NO2, PM10, and
PM2.5 pollution by 52%, 35%, and 49%, respectively, and that the results also showed that
significant social benefits are obtained from reducing the pollution concentration. Pan et al. [25]
examined the effects of electric vehicles on air pollution and health in the Greater Houston area.
The authors found that increased O3 and PM2.5 concentrations would result in 122 premature
deaths compared to 2013. Gai et al. [24] identified the health and environmental benefits of
using electric vehicles in Toronto, Canada. The authors found that even with the worst-case
scenario of 100% of electric vehicles being powered by natural gas, an electric car could still
have significant health benefits. Furthermore, if all-electric cars are charged with renewable
sources, 330 premature deaths per year can be prevented.

Horton et al. [22] explained the impact of public transportation on public health and air
pollution in China. The authors found that widespread use of heavy-duty electric vehicles
reduced nitric oxide and PM2.5 and, thus, reduced 562 premature deaths from pollution.
In contrast, light electric vehicles reduce air pollution and mortality less than heavy-duty
electric vehicles. In another study on the electrification benefits of China’s transportation
fleet, Liang et al. [26] found that the electrification of 27% of personal and commercial
vehicles could easily reduce PM2.5, nitrogen dioxide, and ozone concentrations by 2030.
Kazemzadeh et al. [9] analysed the effects of battery electric vehicles and plug-in hybrid
vehicles in 29 European countries on environmental quality from 2010 to 2019. The authors
found that electric cars reduced PM2.5 emissions, and these effects were more significant
in high quantiles. In another investigation using the MM-QR model for 29 European
countries, Fuinhas et al. [10] stated that electric vehicles reduce greenhouse gas emissions
in the middle quantiles (25th, 50th, and 75th). In a survey to control carbon pollution using
PHEVs, Zhao et al. [14] found that PHEVs reduced carbon emissions.

Plötz et al. [13] examined the effects of PHEVs and BEVs on CO2 emission reduction
in Germany and the United States. The authors found that PHEVs charged from renewable
electricity could help reduce GHGs, and that PHEVs reduced CO2 emissions more than EVs.
Andersson and Börjesson [15] stated that plug-in hybrid vehicles might improve climate
quality in the future more than electric vehicles. Vilchez and Jochem [16] investigated the
effect of Powertrain technologies on GHGs by 2030 in several countries (China, Germany,
Japan, France, India, and the United States) using a system dynamics model. The results
showed that electric vehicles might reduce GHGs in the transportation system. However,
it is possible that GHGs from the construction, scrapping, and power generation processes
in these vehicles will increase. Finally, Miotti et al. [18] investigated the effects of fuel
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cell vehicles (FCV) on GHGs. The authors found that if hydrogen were supplied from
renewable electricity, FCVs could reduce GHGs by up to 50% compared to ICEVs. However,
if hydrogen is supplied from natural gas, FCVs do not mitigate GHGs.

Most of the studies that have been carried out in this field so far have investigated
the relationship between electric vehicles and environmental quality (e.g., CO2 emissions,
PM2.5, PM10, NO2, and O3) in different countries and regions. Yet, increased air pollution
leads to higher rates of premature mortality by pollution. Nevertheless, to our knowledge,
no studies have examined this scientific gap. For this purpose, we investigate the effects
of road transport electrification on premature deaths due to outdoor air pollution. In this
study, the MM-QR model is used for analysis, making it possible to investigate the effects
of electric vehicles at different quantiles on premature death due to outdoor air pollution.
The next part of this research introduces the data/variables and methodology.

3. Data and Method Approach

As mentioned previously, this section shows the data/variables and methodological
approach used. Hence, the first Section 3.1, will demonstrate the data/variables, while
Section 3.2 will outline the methodological approach.

3.1. Data

A group of 29 European countries will be analysed for the period from 2010 to 2020.
That is, macroeconomic data from EU-27 countries (e.g., Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czechia, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Luxembourg, the Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, and Sweden), plus two others (the United Kingdom and
Norway), will be used. The United Kingdom and Norway were added to this investigation
because these two countries have high EV participation in their fleet. Furthermore, the period
from 2010 to 2020 will be used due to the availability of macroeconomic data for this group of
countries. The variables used in this empirical investigation are shown in Table 1 below.

Table 1. Variables and sources.

Abbreviation Variables Source QR Code

Dependent variable

DOAP Deaths from outdoor air pollution (%) Our World in Data [3]
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The variable DOAP will be the dependent or explained variable of the econometric
approach, while EVs, GDP, RENE, PM2.5, CH4, and N2O are the independent or explana-
tory variables. Furthermore, the variables GDP, RENE, PM2.5, CH4, and N2O are also the
control variables in the econometric model (as shown in Figure 5 below).
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Koengkan et al. [12] used these control variables before, investigating the impact of
renewable energy policies on outdoor and indoor air pollution deaths in Latin American
and Caribbean countries. Indeed, the variable EVs was not addressed by the literature.
This investigation is innovative because it is the first time this variable has been used to
explain the variable premature deaths from outdoor air pollution. The following subsection
will show the methodological approach that this investigation will use.

3.2. Method Approach

This empirical investigation will follow the methodological strategy used by several authors
(e.g., Kazemzadeh et al. [9]; Fuinhas et al. [10]; and Koengkan et al. [12]). Figure 6 below shows
the methodology strategy this investigation will follow.

After presenting the methodology strategy that this investigation will follow, it is also
necessary to present the preliminary tests that will be computed before the MM-QR and
OLS with fixed effects models.

3.2.1. Preliminary Tests

The preliminary tests must be computed before estimating the MM-QR and OLS with
fixed effects models. Thus, in this empirical investigation, the following tests will be used,
such as (a) the Shapiro–Francia test [30] to verify the presence of normality in the panel data;
(b) the Shapiro–Wilk test [31] to verify the presence of normality in the panel data; (c) the
variance inflation factor (VIF) test [32] to identify the presence of multicollinearity between
the variables in the econometric models; (d) a cross-sectional dependence (CSD) test [33]
to identify the presence of cross-sectional dependence in the variables; (e) a homogeneity
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slope test [34] to assess the presence of slope homogeneity in the model; (f) a panel unit
root test (CIPS) [35] to assess the presence of unit roots in the variables of the model; (g) the
Westerlund cointegration test [36] to identify the presence of cointegration in the stationary
variables; and (h) the Hausman test [37] to identify the presence of random effects or fixed
effects. Moreover, all these preliminary tests were used before by Kazemzadeh et al. [9],
Fuinhas et al. [10], and Koengkan et al. [12].
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3.2.2. Method of Moments Quantile Regression (MM-QR)

The theory related to quantile regression was developed by Koenker and Bassett [38],
who extended knowledge of ordinary quantiles in the location model to a more general class
of linear models in which conditional quantiles have a linear form. Median regression is the
most generic form and aims to estimate the median of the dependent variable, conditioned
to the value of the independent variables. The remaining conditional quantiles are estimated
by minimizing an asymmetrically weighted sum of absolute errors. Furthermore, the
quantile regression method characterizes the entire conditional distribution of a dependent
variable given a set of regressors.

The impact of the electrification of the transport sector on premature deaths from
outdoor air pollution in the EU-27 countries, plus the United Kingdom and Norway, were
examined in this study, employing the method of moments quantile regression (MM-QR)
with panel fixed effects, as proposed by Machado and Silva [39]. The MM-QR method
is different from the traditional method introduced by Koenker and Bassett [38], as it is
based on conditional means. However, the authors point out that the MM-QR method
recognizes the same conditional quantiles and is robust. Furthermore, unlike the panel
quantile regressions discussed in the works by Canay [40], Lamarche [41], and Koenker [42],
Machado and Silva [39] used the MM-QR method with fixed effects. Therefore, with
this method, it is possible to capture the unobserved distribution heterogeneity between
countries within a panel.

The MM-QR model proposed by Machado and Silva [39] uses the conditional scale
function to estimate regression quantiles. In addition, differences can be noted through
the parameters estimated for each quantile. Furthermore, the MM-QR technique has some
advantages compared to other methods. It provides information about how the explanatory
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variables can influence the entire conditional distribution and, thus, enables the use of
valid methods only in the estimation of conditional means, such as when it is difficult to
perceive heterogeneity and endogeneity problems in panel data models. Additionally, it
identifies individual effects in panel data models while providing information about how
the conditional distribution is affected by regressors, while also allowing the estimation of
regression quantiles not to cross, which is an important assumption but is not considered
in empirical applications.

In addition, Fuinhas et al. [10] emphasize that the MM-QR method considers that
the covariate affects only the variable of interest through the location channel and scale
functions regarding a mere location shift. Thus, it is possible to examine the effects of
conditional heterogeneous covariance on the determinants of deaths from outdoor air
pollution at different distribution quantiles for the countries analyzed in this work.

Based on the work of Machado and Silva [39], it is possible to perform a location-
scale model in which Equation (1) follows the following form to estimate the conditional
quantiles QDOAP(τ|Xit) :

DOAPit = αi + X′itβ +
(
i + Z′it γ

)
Uit (1)

where probability, Pr
{

δi + Z′it γ > 0
}
= 1 and the unknown parameters (αi , δi), i = 1, 2, 3,

. . . , n describe individual i fixed effects, and Z is a known differentiable (with Pr = 1) transforma-
tion of the elements of X. Thus, Xit is identically and independently distributed. Furthermore,
Xit is independent across time (t). In addition, Uit is the error term which is independently and
identically distributed over individuals (i) across time (t), and is statistically independent of
Xit. Equation (1) can be expanded, as follows:

QDOAP (τ|Xit) = (αi + δi q (τ)) + X′it β + Z′it γq (τ) (2)

From Equation (2), αi (τ) = αi + δi q (τ) is the scalar coefficient, which represents the
quantile τ fixed effect for an individual country or distributive effect on τ.

Finally, it is important to emphasize that according to Fuinhas et al. [10], the distribu-
tive impact varies from the classic fixed effect, as it is not location fixed. Additionally,
Machado and Silva [39] corroborate that the impact of the distribution shows the time-
invariant traits that allow other variables to have different effects in the analyzed countries.

3.2.3. Ordinary Least Squares (OLS) with Fixed Effects

The fixed effects model can be considered as a generalization of a constant inter-
cept/slope model for the panel, including a dummy variable for the effects of omitted
variables, which remain constant over time. This way, individual effects can be freely
correlated with the other regressors. In addition, Fuinhas et al. [10] highlight that the
ordinary least squares with fixed effects can estimate the slope and intercepts for a set of
observations, and it is also possible to estimate the average response for the fixed predictors.

That said, the OLS with fixed effects addressed in this study can be represented as
follows in Equation (3):

LDOAPit = β0 + β1LGDPit + β2LEVsit + β3LRENEit + β4LPM2.5it
+β5LCH4it + β6LN2Oit + εit

(3)

In this model, β0 is the intercept, and β is the value of fixed covariates being fitted
to predict the dependent variable LDOAPit, εi is the error term, and each variable enters
regression for country i at year t. Furthermore, according to Fuinhas et al. [10], the OLS
model shows the relationship between the covariates, but it cannot be extended to non-
central locations in the case of shapeshifts and is influenced by outliers.
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3.2.4. Stata Commands

After presenting the preliminary tests and the MM-QR and OLS with fixed effects
models, it is necessary to display the Stata commands used in this empirical investigation.
Table 2 below shows the Stata commands of preliminary tests and model estimations.

Table 2. Stata commands.

Preliminary Tests

Test Stata command
Descriptive statistics of variables sum

(a) Shapiro–Francia test Sfrancia
(b) Shapiro–Wilk test Swilk

(c) Variance inflation factor (VIF) test Vif
(d) Cross-sectional dependence (CSD) test xtcd

(e) Homogenity slope test xthst
(f) Panel unit root test (CIPS) Multipurt

(g) Westerlund cointegration test xtwest, with option constant
(h) Hausman test Hausman, with option sigmamore

MM-QR and OLS with fixed effects models
MM-QR xtqreg, quantile (0.10 0.25 0.5 0.75 0.90)

OLS with fixed effects xtreg, fe
Notes: This was created by the authors.

All Stata commands used in this empirical investigation and model regressions, as well
as information on how to conduct each test, can be found in the QR Code below (see Figure 7).
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Moreover, this investigation computed all preliminary tests and model estimations us-
ing Stata 17.0. The following section will present the empirical results of this investigation.

4. Empirical Results

This section consists of the following two subsections: the first subsection contains
the results of the preliminary tests, and the second subsection contains the results of the
MM-QR and OLS fixed effects models.

4.1. Preliminary Tests

Preliminary tests are required before estimating the model. The preliminary tests men-
tioned in the methodology part are given in this section. The first step is to check the statistical
characteristics of the data/variables (as shown in Table 3 below). The total number of observa-
tions is 319; the mean, standard deviation, minimum, and maximum for premature pollution
due to outdoor pollution (LDOAP) are 2.98, 0.47, 1.77, and 3.89, respectively.
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Table 3. Descriptive statistics of variables.

Variables
Descriptive Statistics

Obs. Mean Std.-Dev. Min. Max.

LDOAP 319 2.983314 0.4757265 1.774952 3.89182
LGDP 319 10.58265 0.3718944 9.766579 11.64343

LRENE 319 1.822005 1.691715 −2.302585 5.44846
LEVs 319 6.768906 2.622617 0.6931472 12.93599
LCH4 319 6.517416 2.081914 2.320425 11.71836
LN2O 319 5.763331 1.282468 1.819699 8.332102

LPM2.5 319 2.579939 0.4364631 1.526056 3.720862
Notes: Here, Obs. is the number of observations in the model, Std.-Dev. is the standard deviation, and Min and
Max are the minimum and maximum.

The first preliminary test required in the MM-QR model is to check the data normality.
The MM-QR model is used to investigate the effects in different quantiles, and this model is
applied when the data distribution is abnormal. On the other hand, using this model does not
make sense if the data is normal. For this purpose, two Shapiro–Wilk and Shapiro–Francia
tests have been used to check normality. Table 4 below shows that all variables reject the null
hypothesis that the data is normal. Therefore, the MM-QR model can be applied.

Table 4. Normal distribution tests.

Variables
Shapiro–Wilk Test Shapiro–Francia Test

Obs
Statistic Statistic

LDOAP 0.97456 *** 0.97687 *** 319
LGDP 0.96862 *** 0.96983 *** 319

LRENE 0.98483 *** 0.98715 *** 319
LEVs 0.98656 *** 0.98894 ** 319
LCH4 0.97264 *** 0.97473 *** 319
LN2O 0.98324 *** 0.98451 *** 319

LPM2.5 0.98005 *** 0.98154 *** 319
Notes: ***, ** denote statistical significance at the 1% and 5% levels, respectively.

The next test is the variance inflation factor (VIF), examining multicollinearity. Table 5,
below, shows the VIF test results.

Table 5. VIF test.

Independent Variables

Dependent Variable (LDOAP)

VIF-Test

VIF Mean VIF

LGDP 1.64

2.43

LRENE 3.69
LEVs 2.12
LCH4 1.52
LN2O 3.99

LPM2.5 1.61
Notes: This was created by the authors.

The model does not have multicollinearity if the VIF value of the variables is less
than 10 and the average VIF value is less than 6. Therefore, as shown in Table 5 above, the
absence of multicollinearity is confirmed.

The next step is to examine the cross-sectional dependence and homogeneity slope
test (HS test). The Pesaran cross-sectional dependence CD test [33] and the HS test [34]
have been applied in this research. The null hypothesis in these two tests is that there is no
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cross-sectional dependence and no existence of a homogeneity slope. Table 6, above, shows
that the model variables reject the null hypothesis in the CD test, indicating cross-sectional
dependencies. Likewise, the HS test results also reject the null hypothesis and indicate the
model has a heterogeneity slope. The following preliminary test is to examine the panel
unit root test. Table 7 below shows the results of the Pesaran CIPS test [35].

Table 6. Pesaran CD and homogeneity slope tests.

Pesaran CD Test

Variables CD Statistics p-Value

LDOAP 60.68 *** 0.000
LGDP 50.14 *** 0.000

LRENE 52.84 *** 0.000
LEVs 53.70 *** 0.000
LCH4 6.06 *** 0.000
LN2O 18.15 *** 0.000

LPM2.5 29.22 *** 0.000

Homogeneity Slope test

Models Delta Adjusted Delta

Model~LDOAP 2.840 *** 3.096 ***
Notes: *** denotes statistical significance at the 1% level.

Table 7. Panel unit root test.

Variables

Panel Unit Root Test (CIPS) (Zt-Bar)

Without Trend With Trend

Lags Adjusted t Adjusted t

LDOAP 1 −6.606 *** −4.738 ***
LGDP 1 −8.144 *** −6.487 ***

LRENE 1 −7.413 *** −6.090 ***
LEVs 1 −7.390 *** −6.306 ***
LCH4 1 −6.726 *** −5.440 ***
LN2O 1 −9.201 *** −7.866 ***

LPM2.5 1 −9.345 *** −8.538 ***
Notes: *** denotes statistically significant at the 1% level.

The null hypothesis in this test is the existence of a panel unit root. As shown in Table 7
above, the panel unit root test results are presented with one lag and with and without
a trend. As can be seen, all variables—LDOAP, LGDP, LRENE, LEVs, LCH4, LN2O, and
LPM2.5—reject the null hypothesis at the 1% significant level for both the with and without
a trend modes. Moreover, these results confirm the stationary nature of the variables. The
cointegration test is performed after the unit root test (as shown in Table 8 below).

Table 8. Westerlund panel cointegration test of all variables of the model.

Variables LDOAP, LGDP, LRENE, LEVs, LCH4, LN2O, and LPM2.5

Statistic Value Z-Value Robust p-Value

Gt −2.404 1.489 0.260
Ga −7.107 3.714 0.180
Pt −7.426 1.040 0.140
Pa −6.586 2.480 0.110

Notes: Gt and Ga test the cointegration for each country individually, and Pt and Pa test the panel cointegration.

As shown in Table 8 above, the Westerlund panel cointegration test was applied to
investigate panel cointegration. The results of this study reject the null hypothesis that
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there is no cointegration. Therefore, it can be stated that there is a long-term relationship
between the independent variables and premature mortality due to air pollution. The last
preliminary test applied in this study is the Hausman test. This test is used to check for
the presence of panels with random effects versus fixed effects. The null hypothesis is
the existence of a panel with random effects. Table 9 below shows the results from the
Hausman test.

Table 9. Hausman test.

Models Chi2(5) Prob.

Model—LDOAP 19.63 *** 0.0032
Notes: *** denotes statistically significant at the 1% level.

As shown in Table 9 above, the null hypothesis is rejected. For this purpose, a panel
with fixed effects is used to estimate the model. Therefore, the MM-QR and OLS with fixed
effects models were used after the preliminary tests.

4.2. MM-QR and OLS with Fixed Effects Results

In this part of the study, MM-QR and OLS with fixed effects models have been applied
to estimate the effects of road transport electrification on mortality due to air pollution.
Quantiles 10th, 25th, 50th, 75th, and 90th are considered for the MM-QR model, and OLS
with fixed effects has been used to check the robustness of the model. Table 10 shows the
model’s estimation results.

Table 10. Estimation results from the MM-QR regression model and OLS with fixed effects.

Independent
Variables

Main Method Robustness Check

MM-QR OLS

Dependent Variable (LDOAP)

Quantiles
Fixed Effects

10th 25th 50th 75th 90th

LGDP −0.4060 *** −0.3719 *** −0.3533 *** −0.3270 *** −0.3161 *** −0.2546 ***
LRENE −0.0609 ** −0.0574 *** −0.0555 *** −0.0528 *** −0.0517 *** −0.0471 ***
LEVs −0.0566 *** −0.0494 *** −0.0454 *** −0.0398 *** −0.0375 *** −0.0792 ***
LCH4 −0.0088 −0.0167 * −0.0211 ** −0.0272 *** −0.0297 *** −0.0097 *
LN2O 0.0578 0.0761 *** 0.0861 *** 0.1002 *** 0.1060 *** 0.1024 ***

LPM2.5 0.5371 *** 0.5345 *** 0.5331 *** 0.5311 *** 0.5302 *** 0.5423 ***
constant 5.7822 *** 5.5279 *** 5.3895 *** 5.1938 *** 5.1128 *** 4.3495 ***

Notes: ***, **, * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Table 10 shows that economic growth (LGDP), renewable energy consumption (LRENE),
and electric vehicles (LEVs) in all quantiles (10th, 25th, 50th, 75th, and 90th) have significant
negative effects on premature mortality due to air pollution (LDOAP). As can be seen, the
effects of LGDP, LRENE, and LEVs are higher on LDOAP in lower quantiles. This effect
gradually decreases with increasing quantile levels. These results show that economic growth,
renewable energy consumption, and electric vehicles will reduce premature deaths from air
pollution. The results also show that methane emissions (LCH4) in all quantiles, except the
10th, significantly negatively affects LDOAP. On the other hand, nitrous oxide emissions
(LN2O) and particulate matter (LPM2.5) positively affect LDOAP. Indeed, LN2O has a signifi-
cant positive effect on LDOAP in all except the 10th quantile, and this effect is greater at high
quantiles. The LPM2.5 has positive and significant effects on premature mortality (LDOAP)
in all quantiles, and this effect is almost the same at all levels. Furthermore, OLS with fixed
effects is applied to evaluate the robustness of the model. For this purpose, the results of
OLS are compared with the 50th quantile [2]. The OLS results confirm that economic growth,
renewable energy consumption, and methane emissions significantly reduce mortality due to
outdoor air pollution, while LN2O and LPM2.5 emissions increase LDOAP.

Moreover, Figure 8 below summarises the impact of independent variables on the
dependent ones. This figure was based on results from Table 10 above.
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The following section will present the discussions and the possible explanations for
the results.

5. Discussions

This section focuses on discussing the results found in this empirical investigation.
Hence, the negative impact of the independent variable (LEVs) (a proxy of the electrification
of transport sector) on the dependent variable (LDOAP) could be associated with the
capacity of the electrification of the transport sector to mitigate the consumption of energy
from fossil fuels and, consequently, air pollution, such as CO2 emissions and PM2.5 in
European countries. Reducing the consumption of non-renewable energy sources and
air pollution via the electrification of the transport sector could help to reduce premature
deaths from outdoor air pollution. Indeed, some authors in the medicine area, such as
Horton et al. [22] and Choma et al. [23] have indicated that the mitigation of nitric oxide and
fine particulate matter by heavy-duty electric vehicles results in a reduction in premature
deaths caused by outdoor air pollution.

In the literature, evidence that the electrification of the transport sector can mitigate the
consumption of energy and also air pollution (e.g., CO2 emissions, PM2.5, and GHGs) was
found by some authors (e.g., Kazemzadeh et al. [9]; Fuinhas et al. [10]; and Koengkan et al. [12]).
Kazemzadeh et al. [9] said that the capacity of electric vehicles to reduce energy consumption
and air pollution could be related to increasing energy efficiency. The introduction of new
materials, electric motors, and improved batteries led electric vehicles to consume less electricity.
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Therefore, consistent with the same authors, the increase in the energy efficiency of electric
vehicles will mitigate the final electricity consumption. Evidence that electric cars reduce energy
consumption was found by Koengkan et al. [12], which studied the impact of BEVs on final
energy consumption in 29 European countries between 2010–2020. The authors pointed out
that this reduction is due to the BEVs becoming more energy-efficient than conventional cars.
The same authors suggest that reducing final energy consumption by BEVs will also reduce the
consumption of fossil fuels and, consequently, air pollution.

According to Fuinhas et al. [10], the energy consumption from electric vehicles decreased
from 264 Wh/km to 150 Wh/km. Therefore, this is an indication that electric cars have become
more efficient. Moreover, the same authors add that electric vehicles’ energy consumption will
be 0.10 (kWh/km) between 2016–2030. Therefore, the explanation given by Fuinhas et al. [10]
confirms the elucidations of Kazemzadeh et al. [9] and Koengkan et al. [12].

Although this investigation has found that the process of the electrification of the
transport sector can help to mitigate premature deaths from outdoor air pollution, the
impact of electrification is negligible. It is possible that the low effect of the independent
variable (LEVs) on the dependent one could be related to the high participation of fossil
fuels in the energy matrix in the EU countries, which consequently limits the possible effect
of electric vehicles on premature deaths from outdoor air pollution. This is because the
electricity consumed by electric cars comes from power stations burning fossil fuels. The
high participation of fossil fuels in the energy matrix in the European countries is confirmed
by Europa [8], which found that, in 2019, 39% of the electricity consumed came from power
stations burning fossil fuels, 35% came from renewable energy sources, and 26% came from
nuclear power plants.

Another possible explanation for the low impact of the independent variable could be
correlated to the low participation of electric vehicles in the fleets of the studied countries.
As the introduction also states, in Europe, electric vehicles represented a market share of
only 3.5% in 2019. The BEVs accounted for 2.19%, while the PHEVs represented 1.21% [11].
Therefore, the low participation of electric vehicles in the fleet causes a limited effect on
combating the increase of gases that cause premature deaths from outdoor air pollution.
While this investigation has presented possible explanations regarding the impact of trans-
port electrification on premature deaths from air pollution, it is necessary to realise more
studies on this topic. Furthermore, as mentioned in the introduction section, this is the first
investigation that uses macroeconomic data to approach this topic, which means that this
investigation is in the initial stage of maturity. Consequently, this investigation elaborated
the following Figure 9 to summarise the aforementioned possible explanations.

Regarding the negative impact of the independent variable (LGDP) on the dependent
variable (LDOAP), this was also found in similar studies (e.g., Koengkan et al. [2], and
Koengkan et al. [42]). Koengkan et al. [42] studied the effect of renewable energy consump-
tion on outdoor air pollution death rates in Latin America and the Caribbean region. The
capacity of the independent variable (LGDP) to mitigate premature deaths from outdoor
air pollution could be related to the increased investment in the health systems caused
by economic development. According to the authors, economic growth can reduce death
rates because it allows for the financing of better health systems. Indeed, this effect of eco-
nomic growth on improving health systems can lower the mortality rate from air pollution.
In the EU, for example, the healthcare expenditure amounted to 9.9% of GDP in 2018, and
in 2020 this value reached 11% of GDP. Among the EU member states, the most significant
shares were recorded in Germany (11.5% of GDP) and France (11.3%), followed by Sweden
(10.9%). In contrast, Luxembourg is the lowest healthcare expenditure shares (5.3% of
GDP), while Romania spends 5.6% of GDP [6].
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Moreover, Koengkan et al. [2] state that this negative impact of GDP also could be
associated with the process of the decarbonisation of the economy with the adoption of
initiatives that encourage the process of energy transition from fossil fuels to renewable
energy sources, the electrification of urban transport, and the development and commer-
cialisation of technologies with high energy efficiency. All these will mitigate air pollution
and, consequently, premature deaths. As mentioned in the introduction section, the EU
countries have been adopting several initiatives to decarbonise their economies, such as
encouraging the process of energy transition and electrification of urban transport.

Indeed, the clarification that was given above by Koengkan et al. [2] helps to explain
the negative impact of the independent variable (LRENE) on the dependent variable
(LDOAP). Therefore, this negative impact was also found by Koengkan et al. [2], Koengkan
et al. [43], Koengkan et al. [44]; and Fuinhas et al. [45]. It is related to the increase of
initiatives related to the decarbonisation of the economy (e.g., energy transition). For
example, in the case of the EU-28, the share of energy from renewable sources in the
final consumption of energy in 2004 was 8.5% and, in 2020, this value reached 22.4% [7].
In this period, the participation of renewable energy sources had a growth rate of more than
160%. Therefore, although this investigation has found that renewable energy consumption
can help to mitigate premature deaths from outdoor air pollution, its impact is negligible.
Indeed, the low effect of this variable could be related to the timid participation of green
energy sources in the energy matrix in European countries, consequently limiting their
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impact on the dependent variable. Therefore, the low renewable energy participation in
the energy matrix causes a limited effect on combating the increase of gases that cause
premature deaths from outdoor air pollution.

Finally, the positive impact of the independent variables (LN2O and LPM2.5) on
the dependent variable (LDOAP) was not found in the literature. Indeed, the possible
explanation for this impact could be linked to the low participation of green energy sources
in the energy matrix. As mentioned above, in the EU, the share of renewable energy sources
in the energy matrix is only 22.4%. Therefore, the low percentage of renewable energy in
the energy matrix limits green energy sources’ capacity to mitigate the N2O and PM2.5
in some sectors. The low impact of renewable energy sources on premature deaths from
outdoor air pollution reflects this limitation.

Moreover, the low participation of electric vehicles in the fleet in the EU countries also
limits the capacity of the electrification of road transport to mitigate these gases mentioned
above. Additionally, the low impact of electrification of road transport on premature deaths
from outdoor air pollution reflects this limitation. However, it is necessary to realise more
studies to confirm these impacts and explanations. The negative effect of the independent
variable (LCH4) on the dependent variable (LDOAP) was also not found in the literature.
The possible reason for this impact could be associated with several initiatives that the EU
countries have adopted in the last years to mitigate methane emissions.

Therefore, the EU countries have set out actions across different sectors, focusing
on energy, agriculture, and waste to mitigate the CH4. In the EU, 53% of anthropogenic
methane emissions come from the agricultural sector, 26% come from waste, and 19% come
from energy [8]. Indeed, to mitigate the methane emissions from the agriculture sector, the
EU has been promoting sustainable livestock management, including circular approaches,
supporting feed additives, and promoting sustainable and balanced diets with less red
meat. From the waste sector, the EU has been encouraging landfill operators to manage
landfill gas, for example, by using it to generate energy. Furthermore, in the energy sector,
the EU has gradually abandoned the use of fossil fuels [8]. However, although CH4 can
mitigate premature deaths from outdoor air pollution, its impact is negligible. The probable
reason for this small impact could be related to the speed at which each country in the EU
adopts these initiatives to mitigate methane emissions.

This section has presented the possible explanations for the results found in the empir-
ical analysis. Nevertheless, this analysis contributes to the literature with a macroeconomic
analysis of the heterogeneous impact of the electrification of road transport on prema-
ture deaths from outdoor air pollution. However, more studies are necessary to deepen
knowledge about this topic. New macroeconomic studies should be directed to identify the
relationship between the electrification of road transport and the consumption of renewable
energy sources and air pollution reduction to confirm the results found. The following
section will present the conclusions and the policy implications.

6. Conclusions and Policy Implications

The present study addressed the potential positive externalities of road electrification
on the mitigation of premature deaths, a relationship that has not been explored by the
social science literature to the best of our knowledge. The main argument of our proposal
is that the reduction of air pollution—especially in urban areas, as already extensively
reported by the literature—reduces human exposure to pollutants (e.g., CO, CO2, and NO2)
that may trigger illnesses, such as respiratory diseases, and, therefore, will play a role in
reducing deaths at premature ages.

To tackle this issue, we estimated the following two models: a moments quantile
regression (MM-QR) and an ordinary least squares (OLS) with fixed effects. The goal
of the models was to verify whether the penetration of electric vehicles (alongside other
control variables for economic growth, renewable energy consumption, and air pollution)
significantly reduced premature mortality due to air pollution. The panel data included all
EU-27 countries, plus the United Kingdom and Norway, from 2010 to 2020.
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The results indicated that renewable energy consumption and the penetration of
electric vehicles have a statistically significant negative effect on premature deaths due to
air pollution. This result corroborates our core hypothesis that road electrification might
reduce premature mortality. However, as we expected, nitrous oxide and PM2.5 have a
positive significant coefficient, indicating that a higher level of these pollutants—such as in
highly urbanised and industrial areas—increases premature mortality. Although significant,
the coefficients of both models indicated only a modest impact on these variables. However,
one may notice that they point towards the expected direction, especially considering the
low penetration of electric vehicles in the analysed period.

In short, our results reinforce the importance of designing policies for promoting road
electrification. Following the Paris Agreement (2016), many countries around the globe
committed to implementing policies to reduce emissions of pollutants and promote an
active role in promoting energy transition. The plans to achieve these goals are expressed
in the nationally determined contributions (INDC) submitted by countries as an expression
of their will. In December 2020, the European Commission (EC), on behalf of the European
Union, submitted an update of the EU NDC. In the document, the EC commits to reducing
their global emissions levels and, in particular, to cut the emissions of vehicles (light and
heavy duty) by at least 30% before 2030. In addition, the document highlights Directive
(EU) 2019/1161 (the promotion of clean and energy-efficient road transport vehicles) as
part of this plan.

While the promotion of large-scale renewables and distributed electricity generation
focuses on reducing global levels of greenhouse gas emissions—which, in the long term,
may also impact health and premature deaths—local policies and standards could have
local mid-run effects. The local effects include the reduction of direct exposure to pollutants,
which can be particularly harmful to people who already live with respiratory diseases,
such as asthma and chronic obstructive pulmonary disease (COPD), especially those living
near roads with high traffic or in highly dense urban areas. In addition, further research
could be carried out to identify whether the proximity of roads with heavy traffic could
receive a greater externality from the electrification of vehicles.

Finally, the direct impact at the local level could be an incentive for synergies between
climate change policies and health policies. The perceivable impacts on individual lives are
important for increasing the acceptance of decarbonisation policies and costs. Our research
raises the possibility and importance of dealing with both subjects together.

7. Limitations and Future Research

The main limitations to the generalisation of results are twofold, namely (i) the short
period under analysis (11 years), and (ii) the low penetration of electric vehicles. Further-
more, deaths from outdoor pollution are essentially a local phenomenon. This characteristic
introduces another limitation, as follows: aggregated data can blur the intensity of the
link between the electrification of road transportation and premature mortality due to
outdoor pollution. Indeed, aggregated data can mask very different situations. Finally,
cross-validation is absent, given the novelty of the link between the penetration of electric
vehicles in the literature and premature mortality. Indeed, this study was carried out in a
set of mainly rich countries sharing a political framework prone to compromise. How does
this phenomenon behave in transition economies?

The logical step for further research is extending the analysis to cities and industrial
zones. These places are particularly affected by outdoor pollution. Consequently, the
electrification of the transportation sector is more pressing and can capture the proximity
of pollution with premature mortality. In addition, changes in human behaviour, such as
the expansion of tourism, influence exposure to outdoor pollution. These changes can be
another promising field of research. Replacing fuels used in internal combustion engines
with green hydrogen and exploring the possibility of adding a percentage of hydrogen to
gas vehicles are other possibilities of research in the field of premature mortality due to
outdoor pollution.
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Recent years have seen intense technological progress in batteries and the efficiency
of electric vehicles. These factors, coupled with approaching technological maturity, are
impacting outdoor pollution in many ways that are not just due to electric vehicles. Disen-
tangling these individual contributions can shed light on other dimensions of the linkage
between the electrification of societies and premature mortality due to pollution.

Finally, improving the quality of econometric models by including other variables
that help to identify transport electrification’s contribution to premature mortality due to
outdoor pollution, or exploring whether the variables have different parameters depending
on the quantiles of premature mortality, or else if the coefficients themselves evolve, is a
vast area for further research.
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