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Abstract: This work presents a multi-criterion approach to evaluate the performance of countries
regarding fiscal and non-fiscal policies for promoting electric vehicles. The ELECTRE TRI method is
used to classify the performance of countries into categories according to the degree of fulfilment of
those policies. This multi-criterion decision analysis method assigns the entities under evaluation to
predefined ordered categories of merit (sorting problem). This is accomplished by comparing the
entities under evaluation with reference profiles that establish the frontiers between the categories.
The model considers fiscal (vehicle registration tax benefits, taxation of internal combustion engine
company cars, consumer purchase incentives, tax shares in consumer prices of gasoline vs. electricity)
and non-fiscal (traffic regulation incentives, charging infrastructure) potential policies to define a
comprehensive set of evaluation criteria. The ELECTRE TRI method allows for robust conclusions
by enabling the comparison of results obtained with different preference expression parameters,
according to the distinct aims and scope of the decision problem. Illustrative results are presented
allowing for the assessment of each country’s performance in this setting,.
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1. Introduction

Air pollution is one of the most relevant public concerns regarding environmental
issues associated with energy use. The transport sector is one of the main contributors
to climate change due to greenhouse gases (GHG) emissions mostly in urban areas [1].
Road transportation was the largest source of carbon dioxide (CO,) emissions in the
European Union (EU) in 2020, accounting for 26 percent of total CO, emissions [2], above
the electricity and heat generation sectors. Passenger cars were the major source of road
transportation-related CO, emissions (CO,) in the EU, with 60 per cent of the total [3].
A fall equivalent to more than 200 million tons of CO, from the transport sector was
registered during the COVID-19 pandemic lockdowns, but a rebound has been witnessed
since then [4].

The EU has ensued a steady path for the decarbonization of the transport sector. A 90%
reduction in transportation emissions by 2050 was advocated in [5]. Hence, electrification
of road transportation has become a major trend for sustainable mobility and a strategy for
reducing air pollutant emissions, improving air quality and enhancing energy efficiency [6].
The EU addressed this challenge by introducing the EU Directive (2009/33/EC) to achieve
the clean and energy-efficient road transport vehicles target. The European Parliament
and Council adopted Regulation 2019/631, which announced CO, emission standards for
new passenger cars and light commercial vehicles (vans) in the EU, considering a set of
reduction targets of 15% and 37.5% for the tailpipe CO, emissions of newly registered cars
for the years 2025 and 2030, respectively [7]. More recently, in October 2022, the European
Parliament and Council reached a more ambitious agreement to ensure that all new cars
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and vans registered in Europe will be zero-emission by 2035, and legislative proposals of
the “fit for 55” package are underway that relate to the transport sector [8]. The European
Commission has announced a ban on sales of all internal combustion engine vehicles (ICEV)
by 2035 to materialize the path towards the objective of being climate neutral by 2050.

In the last few years, the share of electric vehicle (EV), encompassing battery EV (BEV)
and plug-in hybrid EV has been growing, rising strongly in the last couple of years.
According to the IEA global EV outlook [9], in 2021, nearly 10% of global car sales were EV,
4 times more than the market share in 2019. The total number of EV on the world’s roads is
now about 16.5 million, 3 times more than the ones in 2018. In 2022, the global sales of EV
reached 2 million units in the first quarter, up 75% from the same period in 2021.

In the EU, EV registrations jumped from 1.06 million in 2020 to 1.73 in 2021, which
represents an increase from 10.7% to 17.8% in the share of total new car registrations with
comparable values for BEV and PHEV [10]. In 2021, the highest shares of EV in national
new car registrations were in Norway (86%), Iceland (64%), Sweden (46%), Denmark (35%)
and Finland (31%) [10]. Around 560 thousand EV were sold throughout Europe in the
second quarter of 2022 [11].

It is well known that the higher initial cost gap between EV and conventional ICEV is
one of the most important market barriers. Despite other factors that can dissuade poten-
tial buyers, as the density of charging points, and the differences of the policy measures
promoting EV among European countries, public incentives are still imperative to over-
come the acquisition cost gap. In general, countries with no or weak policy interventions
have low EV adoption rates, and countries with stronger instrument policies have higher
adoption rates [12-14].

Various policies have been implemented in several countries to promote EV, contribut-
ing to a long-term shift of economies that is consistent with climate stabilization concerns.
These policies include the support for research and development of more advanced EV
technologies and demand side incentives. These incentives at the consumer side may
comprise the substantial taxation of fossil fuels (gasoline and diesel), low electricity taxes
for EV charging, tax exemptions or subsidies for EV, higher vehicle registration taxes or
annual circulation taxes for ICEV and CO; based vehicle taxes. Complementary policies
include the development of the charging infrastructure, access to bus lanes, free parking
spots and free access to low emission zones.

In order to promote EV adoption on a large scale, several European governments have
begun to offer packages of monetary incentives for new EV purchases and non-monetary
incentives such as free parking or other traffic regulations favoring EV, along with financial
support for the development of extensive charging infrastructures [15]. Although there
is a fragmentation of European policies, some EU countries are in the top of battery
EV new registrations worldwide [16]. Germany is an interesting case since it has some
of the largest ICEV manufactures worldwide, and nevertheless it recently registered an
expressive growth in EV penetration. Germany also has a national ambitious climate target
of becoming GHG neutral by 2050, which will contribute to the promotion of EV. In contrast,
the Netherlands does not have a major car manufacturer but has long been the country
with the second highest EV market worldwide, even though it has recently experienced
a significant decrease in EV sales [17]. The Netherlands and Germany signed a national
agreement aiming to reduce CO; emissions in the mobility sector by 17% and 60% by 2030
and 2050, respectively [18]. Outside the EU, Norway is currently the European leader in
EV market share; since it is not an ICEV producer, its government does not face severe
industrial resistance to the growing penetration of EV [19]. Furthermore, Norway follows a
strong national climate policy, which aims to achieve carbon-neutrality by 2050 and have
all new cars emission-free by 2025 [20,21].

More recently, the study in [22] examined the influence of fiscal policy instruments on
the rapid market uptake of battery and hybrid vehicles in Norway. The author points out
the particular role of taxing internal combustion engine vehicles rather than subsidizing
electric vehicles, considering all of them CO,-differentiated. Outside Europe, the work
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in [23] analyzed the differences in New Zealand private drivers concerning car buying
motivations, perceptions and attitudes towards EV. The authors segmented drivers into
four attitudinal groups according to their characteristics potentially affecting EV readiness
to provide evidence for targeting and improving policy instruments and social marketing.
The results show that the group of so-called “EV positives”—the mainstream consumers
who seem more concerned about some EV characteristics (EV range, EV expense, charging-
related inconvenience, etc.)—might be the prime target for public policies that potentially
increase EV adoption rates. The influence of various incentive policies and socio-economic
factors on the EV market share is analyzed in [24], using a quantitative model for panel
data of 20 countries from 2015 to 2019. The main factors considered in the study included
purchase subsidies, registration tax benefits, ownership tax benefits, valued added tax
benefits, charging density, as well as the household disposable income. This study pointed
out, as main policy suggestions, that financial incentives should not be eliminated in the
short-term, that the importance of deployment of charging infrastructure as a prerequisite
for mass market adoption and that government policies should be based on income levels
to adapt to different economic backgrounds. The authors concluded that a combination of
policy instruments should be adopted if accelerating the electrification of transport is the
main goal. The study in [25] addressed the consumer behavior toward EV purchases by
examining the antecedents of EV purchase intention, which are classified into three main
categories: consumer characteristics, EV characteristics, and EV-related policies. The work
in [26] presented the results of EV sales up to 2021 and proposed volatility assessment
and short-term forecasting using normalized monthly sales analysis, concluding that, in
cases where authorities and regulators are the main driving forces of change, the EV
market requires proper goal setting and open access market data. However, it should be
noticed that some studies question the EV dissemination optimism (e.g., in [27]), namely
concerning the corresponding impacts on the generation and transmission/distribution
grids segments, concluding that if all private transport become electric, energy consumption
will increase to such a level that it would be impossible to be satisfied by the actual energy
producing companies.

The controversy regarding BEV subsidization or taxation has been addressed in [28],
which assessed whether BEV subsidies are justified (and by what amount) with reference
to the carbon component by developing a simulation model to estimate and monetize
the Well-to-Wheel CO, emissions of some car segments in European countries. The fuel
consumption and emission estimates can be derived using the micro-level modelling
approaches reviewed in [29], including traffic network-, behavioral- and agent-based
models. The economic evaluation of the CO, emissions offers a basis for taxation and
subsidizing policies. The willingness to pay for electric vehicles should consider a set of
recognizable attributes, such as driving range, charging time, fuel cost saving, pollution
reduction and performance, which has been studied in [30].

In this setting, the current perception is that the growing share of EV will play a
decisive role in the decarbonization of the economy due to the importance of road trans-
portation in economic, environmental and energy dimensions. Therefore, the assessment
of the impact of existing and prospective policies on the promotion of electric mobility is
of utmost importance. This evaluation involves the need to consider multiple, conflicting
and incommensurate axes of the evaluation defined according to the aims and scope of the
decision support context.

Multi-criterion decision analysis (MCDA) methods are adequate for this purpose
because of their capability to encompass multiple evaluation criteria in a consistent frame-
work, including preference information parameters, which can be exploited in the choice,
ranking or sorting perspectives. In this study, we adopted a sorting model to evaluate the
policies of countries to promote electric mobility, which leads to the assignment of policies
to predefined ordered categories of merit, which are defined by reference profiles, according
to multiple criteria. The MCDA model is then tackled by the ELECTRE TRI method, which
is based on the construction and exploitation of an outranking relation under the sorting
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perspective. This method allows for the incorporation of preferences by means of criterion
weights as well as indifference, preference and veto thresholds. Different (quantitative or
qualitative) scales can be used for each criterion. The weights are scale-independent, ex-
pressing the criterion importance coefficients, i.e., their “voting power” for the assessment
of the outranking relation. The veto threshold allows for a non-compensatory effect by
imposing a penalty on a very weak performance on some criterion even if the performances
in the other criteria are very good. In comparison with (additive) multi-attribute value
theory (MAVT) approaches, the ELECTRE TRI method does not require the verification of
strong axioms and conditions. However, it may need a large number of parameters to be
elicited, which in turn make the outcomes of the decision process more robust.

The main contribution of this paper is the development of a comprehensive MCDA
evaluation framework devoted to the sorting problem using the ELECTRI TRI method
to derive meaningful insights regarding the assessment of countries according to fiscal
and non-fiscal policies for promoting electric vehicles. This method is supplied with
preference information parameters to be elicited from decision makers, thus enabling us to
accommodate different perspectives of this study, namely to shape policy recommendations.
This decision support framework is flexible to be adapted to other settings and purposes by
adding/removing criteria or changing the preference expression parameter values required.

This introduction section presented the context and aims of the study. In Section 2, an
overview of the ELECTRE TRI method is made. The multi-criterion evaluation model is
presented in Section 3. Illustrative results are discussed in Section 4. The main conclusions
are drawn and hints for future development of this type of studies are presented in Section 5.

2. The ELECTRE TRI Method

The ELECTRE (Elimination and Choice Translating Reality) methods aim to provide
decision support in problems in which a set of alternatives (entities, courses of action,
etc.) should be evaluated according to multiple, conflicting, and incommensurate evalua-
tion criteria [31,32]. These methods are based on the construction and exploitation of an
outranking relation devoted to the choice, ranking or sorting problems.

The ELECTRE-TRI method [33] aims to assign each of the m alternatives a; (i = 1,
... ,m) under evaluation to predefined ordered categories of merit considering a set of n
evaluation criteria g; (j=1, ... , n)—sorting problem. Each category is delimited by two
reference profiles: b]-h’l / b]-h are the lower /upper limit of category C" (h =1, ..., k) for
criterion g; (Figure 1).
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Figure 1. Categories in ELECTRE TRL

Indifference (g;), preference (p;) and veto (v;) thresholds may be considered when
comparing the alternatives with the reference profiles for each criterion g;. The indifference
threshold allows for some imprecision in the comparison: the difference between the scores
of the alternative under evaluation and the reference profile being considered is not relevant
for criterion g; if it is not higher than g;. The preference threshold allows for some gradation
in the comparison when the difference of the scores is between g; and p;, one score being
unquestionably better if the difference is higher than p;. The veto threshold (v;) enables us
to introduce a non-compensatory component in the evaluation, i.e., vetoing the conclusion
that an alternative is at least as good as the reference profile if the former is much worse
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than the latter by a difference greater than v; in criterion g;, although it may be better in all
other criteria.

The assignment of an alternative to a category results from comparing its performance
with the reference profiles in each criterion to assess whether or not the outranking re-
lation between them can be established. An alternative a; outranks the reference profile
b" (denoted a; S b") if 4; is at least as good as b considering their performances in each
criterion. If 4; is not worse than b” in every criterion, then a; S b". Even if there are some
criteria for which a; is worse than b", then a; may still outrank b, depending on the relative
importance of those criteria and the differences in the evaluations in face of the threshold
values (small differences may be ignored, whereas vary large differences may oppose a
veto to the outranking). Weights (k;, j = 1, ..., n) are not used to construct some type
of aggregate score (e.g., by means of weighted sums) as in MAVT approaches but are
understood as the “voting power” of each criterion to determine the outranking relation.

A credibility index of the outranking relation, o(a;,b"), is calculated considering the
performance differences, the criterion weights and the indifference, preference and veto
thresholds. The outranking relation is validated by comparing the credibility index with
a cutting level A (A€[0.5,1]). If o(a;,b") > A and o(b",a;) > A, then g, is indifferent to b"; if
o(a;,b") > A and o(b",a;) < A, then g, is preferred to b (a; S V" and not V" S a;); if o(a;b") < A
and o(b",a;) > A, then V" is preferred to a; (V" S a; and not a; S b"); if o(a;b") < A and o(V',a;) < A,
then a; and b" are incomparable (not a; S V" and not V" S 4;). The pessimistic (conjunctive)
variant of ELECTRE TRI is used in this work, in which each action g; is assigned to the
highest category C"*! such that a; outranks b" [34].

3. The MCDA Model
3.1. Context for the MCDA Model

The higher price of EV compared with ICEV is one of the main reasons for the low
market share of EV in many countries. Then, the success of EV uptake is significantly
determined by various factors influencing buying behavior. The governments of Euro-
pean countries have adopted different fiscal and other types of incentives to attract more
consumers to a raise the EV fleet. Depending on the existing tax structure in a country,
there are differences on how incentives for BEV are deployed. Countries such as Germany,
France, Italy and UK support their policy mostly on subsidies, while others such as Norway,
Netherlands and Portugal focus on taxation benefits to incentivize BEV. However, these two
different approaches have a quite different impact on car segments. If purchase subsidies
seem to have a relatively high effect on smaller BEV and a lower effect on larger BEVs, on
the other hand, taxes benefits based on emission, such as in Norway, increase the benefit
for BEV over ICE in higher segments [35]. Nevertheless, in general, countries aim to reduce
or even remove the incentives for BEVs over ICE when the market will reach zero-emission
mobility or when ICEV are banned. It is expected that, on average, BEV will reach the
same price (before incentives) as equivalent ICEV models between 2025 and 2027 [36]. This
trend will help the EU achieve the 100% electric light-duty sales by 2035, according to the
target established in the European Green Deal [37]. Although an accelerated adoption rate
is being witnessed in several countries (particularly in Germany), it is not predictable that
all Member States follow the same trajectory. In the Green Deal compliant scenario, the
Nordic Group (which includes Netherlands and Norway, who is outside of the EU) would
reach the 100% BEV as early as 2030. The Western group (including Germany, France and
the UK, who is now outside the EU) will achieve 100% BEV in 2034 or even sooner in the
case of Germany as the market leader of this group [36]. The Southern group (including
Italy, Spain, and Portugal) is expected to follow a similar trajectory as the Western group
with a small time-lag. Governments are hastening the transition by support fiscal and
non-fiscal incentives for companies and private drivers. Since large public subsidies may
not be feasible in the long term, public authorities are expected to engage in more revenue
neutral instruments such as bonus-malus (or feebate) taxation, already adopted in France
and Italy, which reveals to be a much more financially sustainable policy option [36]. Until



Sustainability 2023, 15, 6213

60f11

BEV reach price parity with ICEV counterparts, the existing financial incentives are not
expected to be eliminated in the short term. Given the difference in GDP and purchasing
power between countries (specially between the Southern group and the other ones), tar-
geted public support might be needed to extend in time, even after EV models reach price
parity. In addition, governments should expand the scale of charging points increasing their
density as a prerequisite for EV mass market adoption. According to the IEA Announced
Pledges Scenario [9], the number of public chargers needs to expand ninefold and reach
over 15 million units in 2030 to provide consumers with adequate and convenient coverage.

3.2. Definition of the Criteria and Input Data

In this context, the criteria to be considered in the evaluation model as well as the scores
of the entities under evaluation resulted from an extensive literature review and interviews
with voluntary participants (economists, managers, engineers, graduate students) with
some degree of expertise on fiscal and non-fiscal policies as well as in the transport sector.

The entities under evaluation are the following countries: France, Germany, Italy,
Netherlands, Norway, Portugal and the UK, for which complete and reliable data could
be found [2,3,9-11].

The selected criteria and respective measurement units are the following:

e  Traffic regulation incentives (g1) [-]—Relates to the free use of bus/fast/high occu-
pancy vehicle lanes, parking spots, toll bridges, ferries; higher score for countries with
more permissions in a scale of 4 levels [0, 1, 2, 3].

e  Benefits in the taxation of ICEV company cars (g2) [EUR]—lower benefits stimulate
the adoption of EV.

e Consumer purchase incentives and uptake of EV (g3) [EUR]—Electric vehicle
purchase incentives

o  Tax benefits (g4) [-]—Register tax and VAT benefits given to BEVs; higher score for
countries with more tax benefits in a scale of 4 levels [0, 1, 2, 3].

e  Public fast charging points per 100 km of highway (gs5) [#]—A proxy for how pervasive
the charging networks is in each country.

e Ratio of tax shares in consumer prices of gasoline vs. electricity (g5) [EUR]—A proxy
for capturing if higher ratios are likely to influence more the consumers’ option for
buying an EV.

The performance data of each country in each criterion are displayed in Table 1.

Table 1. Inputs for the evaluation model.

Criteria Country g1 (max) &2 (min) g3 (max) 84 (max) gs (max)  g¢ (max)

France 0 12% 6.000 € 1 18 1.43
Germany 2 12% 4.000 € 0 47 1.09
Italy 1 30% 6.000 € 0 13 2.86
Netherlands 1 22% 0 2 35 1.07
Portugal 0 9% 0 2 12 1.16
UK 1 13% 5.220 € 2 130 1.61
Norway 3 20% 0 3 655 2.03

The ELECTRE TRI method requires the definition of the categories that the entities
under evaluation will be assigned to by specifying the reference profiles as well as the
indifference (q;), preference (p;) and (optional) veto (v;) threshold values for each criterion
and reference profile (Table 2). The categories to classify the countries are defined as
C1-Low, C2-Average and C3-Good, referring to the merit of fiscal and non-fiscal policies
in promoting EV. Further categories could be considered, depending on the purposes of
the study. In this illustrative study, no veto thresholds were considered, which means that
an alternative with a bad score in a given criterion may be classified in the best category.
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Table 2. Reference profiles and thresholds.
Criteria g1 90 g3 84 85 86
Traffic Benefits in the Consumer hIlu‘ti)rl:c fasitnt R?:O tflx s;aies
Parameter  regulation taxation of purchase Tax benefits [-] chatging pom's [ corsumer

incentives [-] company cars [%]  incentives [EUR] per 100 km of prices of gasoline

pany ? highway (#) vs. electricity [-]
g(bh) 1 12 1500 1 8 1.2
0 0 1 200 0 1 0.1
p1 1 2 400 1 2 0.2
g(?) 2 8 4000 2 20 2.0
a2 0 1 400 0 1 0.2
P2 1 2 600 1 3 0.3

The cutting level (A) was defined as A€[0.50,1], i.e., a “simple majority” meaning that
an alternative is at least as good as a category reference profile only if at least 50% of
the criterion weights “vote” for the concordance. The higher the value of A is, the more
“qualified” is the majority required.

The imprecision of the decision maker’s preferences associated with the criterion
weights may be captured by linear constraints on the weights. The weights for all criteria
were defined satisfying 0.10 < kj <0.50 forj=3,4,5, 005 < kj <0.20 forj=2, 6 and
0.05 <k; <0.50 forj=1.

4. Results and Discussion

In the following displays of illustrative results obtained with the IRIS package, the
green cells indicate the categories that each alternative can be assigned to without violating
any bounds or constraints, e.g., on the weights. The dark green cells denote the category
assignments corresponding to the inferred combination of parameter values, i.e., the
central combination of parameters respecting all those constraints. The black cells indicate
categories to which an alternative cannot be assigned to, i.e., when the alternative is good
enough to be better than the previous category, then it is able to reach the next category,
with respect to the category denoted by the dark cell [34].

Figure 2 displays the assignment of alternatives to the categories considering the
cutting level A > 0.50, without any further constraints than the weight bounds stated above.
The central combination of weights respecting the lower/upper bounds leads to Germany,
the UK and Norway being classified in the best category C3, France, Italy and Portugal
in the middle category C2, and Netherlands in the lower category C1. However, it is
possible to have a feasible combination of weights such that France, Italy, Netherlands. and
Portugal are classified in the best category (possibly not simultaneously, i.e., using different
sets of parameter values satisfying all the bounds). Norway cannot be classified in the middle
category, i.e., as it is good enough to be better than C1; then, it reaches C3 without being assigned
to C2. Figures 2—6 are screen copies of the interface that the IRIS package offers to users.

The assignment results after increasing the classification exigency corresponding to
imposing the cutting level A > 0.66 (i.e., a “qualified majority” of criteria is required in
favor of the concordance to validate the outranking relation) are displayed in Figure 3.
With the central combination of weights, no country attains the best category C3, with
France, Germany and the UK assigned to the middle category C2 for the central weight
combination. The United Kingdom is never classified in the lower category C1.

If the decision maker wants to assess the results giving more importance to the
incentive criteria g3 and g4 (EV purchase incentives and tax benefits, respectively), then
the weight constraint k3 + kg > k; + ko + ks + k¢ is imposed. The corresponding assignment
results are displayed in Figure 4, leading that all countries are classified in the lower
category C1 except the UK, which is sorted into the middle category C2 for the central
weight combination, with no country sorted into the best category C3, considering the
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central weight combination. Note that there are other specific weight sets that enable all
countries to be classified in the best category.

Let us suppose that the decision maker wants to give more importance to the non-fiscal
incentive criteria g; and gs (traffic regulation incentives and public fast charging points per
100 km of highway, respectively); then, the weight constraint k; + ks > ky + k3 + ks + k¢
is imposed. The resulting assignment is displayed in Figure 5, leading that Germany,
Netherlands, UK, and Norway are classified in the best category C1, while the other
countries are sorted into the middle category C2 for the central weight combination.

L

Figure 2. Assignment of alternatives to categories for the cutting level A > 0.50 (no additional
constraint on the weights in addition to the pre-established bounds).

1

Figure 3. Assignment of alternatives to categories for the cutting level A > 0.66 (no additional
constraint on the weights in addition to the pre-established bounds).

Figure 4. Assignment of alternatives to categories for the cutting level A > 0.50 with the weight
constraint k3 + kg > ky + kp + ks + kg, in addition to weight bounds.
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Figure 5. Assignment of alternatives to categories for the cutting level A > 0.50 with the weight
constraint k1 + ks > ky + k3 + k4 + k¢, in addition to weight bounds.

I

| .

I
(b)

Figure 6. Assignment of alternatives to categories for the cutting level A > 0.50 with the weight
constraints (a) k3 + kg > ky + ks and (b) ky + ks > k3 + k4, in addition to weight bounds.

Figure 6 displays the assignment results if the relative importance between the set of fis-
cal and non-fiscal incentive criteria is translated into the weight constraints k3 + ks > k1 + ks
(@) and k; + ks > k3 + k4 (b), thus representing decision makers with different perspectives or
who want to assess the change in the results resulting from distinct preference information
to reach more robust conclusions.

These results are just illustrative of the information required and the outcomes offered
by an MCDA model designed to evaluate fiscal and non-fiscal policies for the promotion
of EV. Other sets of parameters (e.g., different indifference and preference thresholds or
even imposing a veto threshold) and constraints (e.g., restrictions on weights) conveying
the decision makers’ preferences could be forthrightly investigated in this framework to
derive further insights to shape public policies encompassing measures of different nature
to promote the adoption of EV.

5. Conclusions

The importance of road transportation in economic, environmental and energy dimen-
sions requires the assessment of the impact of existing and prospective diversified policies
on the promotion of electric mobility. This paper offers a multi-criterion evaluation model
and an illustrative study using the ELECTRE TRI method considering fiscal and non-fiscal
policies (i.e., involving or not monetary incentives) for promoting electric vehicles. The
entities under evaluation (a selection of countries) were assigned to ordered categories of
merit according to the fulfilment of those policies. The evaluation model considered fiscal
(vehicle registration, annual registration, subsidies, ratio of tax shares in consumer prices of
gasoline vs. electricity) and non-fiscal (traffic regulations, charging infrastructure) policies
to define a comprehensive set of evaluation criteria.

The ELECTRE TRI method enables us to evaluate the alternatives according to their
absolute performance with respect to predefined profiles and not in comparison with other
alternatives. This method also enabled to deal effectively with criteria with performances
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measured in different scales, including qualitative ones. Additionally, ELECTRE TRI does
not require setting a precise numerical value to express the importance of each criterion,
which helps the decision maker interactively express different preference information and
assess the corresponding impact on the results.

The multi-criterion evaluation framework herein developed can be easily adapted to
assess other countries or other type of entities, including new criteria, categories, instantia-
tion of parameters reflecting different decision makers’ perspectives and preferences, etc.,
with the aim to reach robust conclusions and design appropriate policies since the success
of EV uptake is significantly determined by multiple factors influencing buying behavior.
Therefore, further research should be conducted refining this multi-criterion evaluation
framework for different perspectives of analysis including the interplay between increased
energy consumption due to the penetration of EV and the heterogenous effects associated
with the promotion of renewable energy generation, environmental legislation, support
to R&D programs and energy efficiency initiatives (using schemes as the one developed
in [38]).
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