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SUMMARY

The road transport sector is responsible for external effects, like air pollution, greenhouse gas
emissions, noise, aakints, traffic congestion and demands the construction, maintenance, and
managing of transport infrastructure. Currently, Electric Vehicles (EVs) promotion is seen as an
opportunity to address some of these challenges, since EVs are an important medbanism
decarbonization of road transport and a crucial step towards the transition to a clean energy system.
Nevertheless, EVs have to compete with conventional internal combustion engine vehicle (ICEV),

which already achieved a high level of technologicabadement and social acceptance.

Government support is still a key factor since EVs are residual in passenger car stock and market
share in Europe. This EV transition is affected by several policies at the same time and by the need to
combine different plecy instruments. This reflects the notion of muéivel, multiractor, and multi

governance since governments operate on various scales of jurisdiction and in different areas.

With this in mind, we analyze the European policy instruments implementid Hifferent vertical
governance levels: international, supranational, national and local, while we are taking into account their
different policy objectives, in a dialogue with Policy Mix concept through a qualitative approach
literature review. Aftethat, our study focus on the future impact of car tax benefits given currently to
EVs on national and local government revenue with a quantitative appreewstlation modeling of
annual Spanish car taxation from 2018 to 2050.

We discover that each verdiligovernance level has its role in promoting electric mobility in Europe,
despite the conflicts and coordination issues in their policy objectives, which can be exponentiated by
the existence of an automobile industry relevant to the country's GDP1 lit faat the national and
local level, where most of the action takes place since the supranational authority provides the main
guidelines that must be transposed by each European country to national legislation, pressured by the
international level. Inaddition, the current low EV taxation will lead to great national and local
government revenue losses in the future, due to the emphasis of car taxation regime on the asset and not

on driving distance.

In this way, the breakdown of taxation in our sintigla model is concentrated on the use of the
vehicle, since government revenue in Spain is centered on fuel taxes and EVs eliminate most of this
source of income. Thus, we suggest changing the electricity tax rate, which has not yet been adapted for
electic mobility, to try to keep taxation stable over time, but this change eliminates one of the main
BEV advantageswhich is itslow operating costs. Therefore, it is necessary to rethink the current car

taxation regime with the increased penetratioalettric mobility in the passenger car fleet.

KEYWORDS: Electric vehicles; Public Policy; Europe; Policy mix; Norway; Portugal; Spain
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RESUMO

O setor de transporte rodoviario é responsavel por efeitos externos, como poluigdachissdes
de gases de efeito estufa, ruido, acidentes, congestionamento e exige a constru¢cao, margesiacao e
da infraestrutura de transporte. Atualmente, a promocéo de veiculos eléEgsi(vista como uma
oportunidade para enfrentar algudeges desafios, uma vez queEdgssao um mecanismo importante
para descarbonizagdo do transporte rodoviario e um passo crucial para a transicao para um sistema
de energia limpa. No entanto, os veiculos elétricos prectiarompetir com o veiculo convémeal
demotor de combusté&o interna (ICEV), que ja alcancowaliomivel de avango tecnoldgico e aceitacédo
social.

O suporte governamentainda é um fatechave, pois oEVssao residuais nstockde carros de
passageiro® naquota de mercadona EuropaEda transicéo é afetada por varias politicas ao mesmo
tempo e pela necessidade de combinar diferentes instrumentos de politica. Isso reflete a nog&o de multi
nivel, multiator e multigovernanca, uma vez que 0s governos operam em varias escalas dgdjoirisd
e em diferentes areas.

Portantq analisamos os instrumentate politica implementados pelos diferentes niveis de
governanca vertical: internacional, supranacional, nacional e loeaEuropa enquant@onsideramos
os seus diferentes objetivae politca, em didlogo com o conceitio PolicyMix, por meio de uma
abordagem qualitativarevisdo da literaturaPosteriormentgo nosso estudo concentsgno impacto
futuro dos beneficiasibutarios correntesdados ao&Vsnas receitas do governo naciondbeal, com
recurso auma abordagem quantitativa modelo de simulacada tributacdo anual ds carros de
passageiroemEspanha de 2018 a 2050.

Descobrimos que cada nivel de governanca verticalaseu papel na promogéo da mobilidade
elétrica na Europaapesar dos conflitos e questdes de coordenagdajue toca aos objetivos de
politica, que podem ser exponenciados pela existéncia de uma industria automobilistica relevante para
o PIB do pais. De fa0, é no nivel nacional e local, onde a maioria dé@@gcorre, uma vez que a
autoridade supranacional fornece as principais diretrizes que devem ser transpostas por cada pais
europeu para a legislacdo nacional, pressionadas pelo nivel internacional.

Areduzidatributacdo atuados EVdevaré a grandes perdate receita do governo nacional e local
no futuro, devido a énfase do regime de tributacéo de automdveis no ativo e ndo na gist@&ociala
(km). Deda forma, a divisdo da tributacédno nosso modelo de simulagcdo concergeano uso do
veiculo, uma vezug a receita do governemEspanha é centrada nos impostos sobre combustiveis e
os EVseliminam a maior parte dessa fonte @eeita Assim, sugerimogma alteracdo a taxa do
imposto de eletricidade, para tentar manter a tributagdo estavel ao longo ¢o.tBorém,essa
alteracéo elimina uma das principais vantagens do BEMie s&00 seubaixo custo operaciona
Portanto, é necessario repensar o atual regime de tributdg&aarros de passageiroem o aumento
da penetracéo da mobilidade elétrica na frota de automdveis de passageiros.

PALAVRAS-CHAVE: Veiculos elétricos; Politicas publicas; EuropaPolicy Mix; Noruega;
Portugal; Espanha
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CHAPTER 1 - INTRODUCTION

On the horizon of 2050the transport sector appears to be one of the main drivers of
increased energy deman8UM4ALL (2020) predicts that the demand for transport will
increase strongly in the next years. By 2050, roadspartmay have a passenger car fleet of

1.2 billion andanannual passenger traffic increase of 50%.

Most contemporary means of transport are based on fossil fuels and are a source of air
pollution and environmentally harmful emissions. In 2017, roadsp@m accounted for 44%
of global oil consumptiofOECD/IEA, 2018.

Consequentlythe road transport sector has received increasing atteatincerningthe
dynamic study of sustainability transition. The turn of the century is marked by an eakcygy p
effort to achieve energy security, reduce external energy depender@gréat Dioxided 0)
emissions, along with an attempt to mitigate urban mobility problems (air and noise pollution
and traffic congestion), announcing an energyteartsportechnological transition that can be

long.

With thisin mind, the shift to lesgolluting energy sources has gained prominence recently.
Several possible solutions can be identified, ranging from hydrogen economy, flex motors,
hybrid vehicles (especiallyith plugin technology) andElectric Vehicles (EVs), along with
the role of biofuels (ethanol and biodiesel), synthetic fusisl fuel cells. Taking this into
account, road transport faces an unprecedented degree of uncertainty, both in energy policy

tradeoffs and the variety of technological options that designed {Fémo Jr et al., 2016

Currently, the promotion of the electric vehicle is seen as an opportunity, since EVs are a
good example of an important mechanism for decarbonization of road transport, as they offer
severabenefits: 1) reduelocal air and noise pollution; 2) diminish oil dependency, especially
if the electricity consumed is generated from nuclear or renewable resources; and 3) promote
the industrial developmenfvan der Kam et al., 2018 angbroek et al., 201&ester et al.,

20138.

It should be noted that EVs che a crucial step towards the transition to a clean energy
system, as road transport electrification is a key pillar for reducing car battery unit costs and

hence promoting energy storage at low c¢SEECD/IEA, 2019

The spillovers of thelectricpassenger cars (passenger hdity vehicles PLDVSs) rapid

development, drove the penetrationetectric two-wheelers and buses. Therefore, there are
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emerging opportunities for the electrification of the other means of road transport other than
PLDVs. However, for the purpose of this work, when referring to electric vehicles, we are
considering eletric cars in road transport, which include only PLDVs. Thus, we will focus

exclusivelyon electric passenger cars and not in the electromobility phenome as a whole.

Additionally, the EVs denomination includes a variety of vehicle different technologies
namelypowertrain systenthe main ones atattery electric vehicles (BEVs), plig hybrid
electric vehicles (PHEVs)and fuelcell electric vehicles (FCEVs). Nevertheless, the

purpose of this study, we are not considering the FCEVs technoloiyy fesidual character.

EVs need to compete with conventional internal combustion engine vehicle (ICEV), which
already achieved a high level of technological advancement and social acceptance. So to
overcome this competitive disadvantage, innovations asthisable technologies need to be
accepted and promoted by key market play¢ieckhéfer et al. (201 #efer that acceptance by

consumers, policymakerand car manufacturers is teeed for EV dissemination.

Regarding car manufactures, the automotive sector was characterized by dynamic stability,
achieved through economies of scale, sunk cast$ social learning, where car manufactures
avoided radical innovations, like electricgaas were seen as too risky and expensive. It is an
industry that has changed little in the space of a century, since it is a sector that has a higher
inclination towards reproduction and reorganization, than towards radical cl{Bige= al.,

2016 Seba, 2011 This stabilization can also be explained by the car manufacturers and oll
companieé power among the large international cooperatives, which consolidated their
influence with the growth in demdrfor light vehicles and oil products throughout the 20th
century(Pinto Jr et al., 2016 Thus, the automotive sector exerts a lot of international and
national pressure thatn challengthe electric car penetration, since it represents 7#ueof
European Uni Gross DoméslicodutGOR) @ACEA, 20200).

Apart from that, the future lies in the offer of more efficient vehicles tfeatesistant to
environmental, energy safety, costd performance tests. So, it is implicit the need for major
technological advances and large investments that will be shaped in part by government

preferencegPinto Jr et al., 2006

Electric vehicles have a growing maturity, but government support is still a key factor

(OECDI/IEA, 2019 Recently, government support for electromobility has grown strongly,
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but the penetration of electric vehicles is still low in most countries of the world l{easd. %

of the registered passenger cars fl@Rigtmann and Lieven, 201Rb

Over the last twenty years, Europe has benefited from pali@aésere associated with tax
incentives and emissioievel requirements that could be met by ICE increiadénnovations
(Wilson ard Tyfield, 2018. Consequently, these initiatives had not been enough to boost

electric mobilityin Europe

Given current advances in technical performance and cost reductions for EVs, literature has
shifted from focusing solely on the technological @sdnomic dimension and has begun to
explore the role of public policy, policy mechanisrasd policy mix(Kester et al., 2008 As
mentioned beforesustainability tansitions (aghe electric car transition) are influenced by
public policies and the strategies of the actors invol{ieddberg et al., 2018 In fact,
transitions are affected by several policies at the same time and by the need to combine different

policy instruments.

To capture the variety and potential interactions between different policies, as well as their
ongoing changefogge and Reichardt (201&hdFlanagan et al. (2015uggest the study of
the policy mix.

Policy Mix has been studied in various scientific fields, déspecially in the environment,
economis, innovations studiesind policy analysis. It is widely used in the climate and energy
field in an attempt to the transition af decarbonized energy system. This concept was
commonly defined as a combination mimerous policy instruments. Howev&opgge and
Reichardt (2016pnd Flanagan et al. (2011efend that policy mixes are more than just a
combination of policy instruments since this concept also includes the processesari areti
interaction of such instrumentSonsequently, in our study, when we are referrirthegolicy
mix, we are usingRogge and Reichardt (201&)dFlanagan et al. (201 definition.

Note thatthe Policy Mix concept is compatible with the definition of the modern state,
where there is a dispersion of power, both upwards and downwards, from the national level to
supranational and locakvel. Until then, the idea of the State was associated with traditional
neoclassical economic theories of welfare and the unitary policy r{fdlkeagan et al., 20]1
Policy Mix represergthereplacement of traditional statentric models of government by the

notion of multtlevel, multiactor, and governance.
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Therefore, governments opexabn various scales of jurisdiction and in different areas.
Consequently, to present the different solutions found by policymakers in promoting electric
cars promotion in Europe, we will take into account the governance levitis Bblicy Mix
concept, with divides public policies into four levels of vertical governance: i) international
(United NationgUN), Paris Agreemen(PA), SuM4all); supranational (European Uni@&uU)

i statemembers or European Economic Ar@aEA)- for nonstate members); national

(country); and lastly, local policies (city or region).

Given this context, this master Bowddtheesi s
different vertical governance levels (international, supranational, nationaland local) of
European policy mixes influence the policy objectives and policy instruments adopted to

promote electric car mobility in Europe?

To answer this main research question, two methodological approaches were used
throughout our work. Thus, in tHest parti Chapter 2, 3, 4 to analyze the different policy
objectives and policinstrumentamplemented by each vertical governameeel, we usel a
qualitative approach of literature review and document analysis. In the last ¢h@ptgoter 5
- to understand th&utureimpact of EVmarketpenetration on thgovernmentevenuerelated
with the car taxation from 2018 to 2050, we opted for a quantitative approach using a simulation
modelingof the evolution of the Spanigtassenger cdieet createcby Casado (2020and
developed our own model with regarddar taxes associated with passenger ,casing the

Excel main tools.

As we have seerthe study was divided into four major chapters. FirgthChapter 2the
role of public policy to encourage electnwobility in Europe is discussed in an attempt to
dialogue with the policy mix literature, focusing on the vertical governance level dimension
(international, supranational, national and local) and recognizing the role of horizontal level
(different departrants and ministries)n addition, a small analysis of the use of this concept
by the transport sector is made, as well as a characterization of the papers that analyze the

importance of public policies in the EV market promotion.

Secondly,in Chapter 3,the pressure and the diverse policy objectives of the vertical
governance levels International and Supranationabre analyzedin addition tothe main
Europeaninitiatives created for the promotion of electric mobility by vehicle, charging
infrastructue, and energyThen, it iscarried outan analysis ofhe European panorama tife
adoption ofthe electric cars and to associate it with its level of pollution, traffic congestion,



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE 5

energy dependencyhe share of renewables, centralization or decentrt@dizagovernment
level, and charging infrastructure. This study allows the selection of three representing
countries of each cluster of countries: Norway, Porfiagad Spain.

Subsequentlyin Chapter 4a brief systematization of the economic and-eoaromic
incentives adopted dhe nationaland locallevels by Norway, Portugaland Spain for the
promotion of electric cars and their impact on the car tax collection is carrigsdolitionally,

a comparison between the different national incentives adopted by these three countries is made
at the end of this chapter

Finally, in Chapter 5we intend to understand the possible impact otthreenteconomic
incentives given to eledtrcars in the car tax collection levelSpain more simplyjn national
and localgovernment revenué-or this, we used simulationmodelingof three possibIBEV
market penetratioacenarios foonecountry i Spain.The ideal would have been to caoyt
this analysis for the three representative countries, but for reasons of time and data limitation,

we concentrate only on Spain, the analyzed country with the least penetration of BEVs.
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1.1.0BJECTIVES

1.1.1. Main objective

Reviewand comparisoof public policies for EV promotion in Europat different vertical
governance leveland quantitative analysis of economic incentives impacdhe cartaxation

on national and locajovernment revenue

1.1.2. Specific objectives
i.  Recognize the muHevel governancee§Speially vertical) influence in public policies
of EV promotion in Europe, based on Policy Mixhapter 2;
ii.  ldentify the impact of international and supranatioraticallevel in the promotion of

electric vehicles in Europe with an overview of the curs#uiation. Then, categorize

the European countries in three different clusters and choose three representative

countries of each cluster, based o\tto Industry in GDPEV shareand EV market
share- Chapter 3;

iii.  Identify the main economic amibneconomic incentives used on EV boost for each

representative countrgnd compare the different policy instruments implemented in

thesethree countries Chapter 4,
iv.  Quantify he impactof different BEV penetratiotevels (three possible scenarjosn

government revenue in Spain, maintaining the current taxation reginae 2050

simulation modeling and change the electricity tax rate in order to compensate

government revenue loss in the futur€hapter 5.
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1.2METHODOLOGY

As previouslyemphasizegdin the first part of the studyye opted for a research method
with a qualitative approachChaptes 2, 3 and 4-, through a literature review and analysis of
Policy Mix conceptadapted for the electric car promotion in Europe.the second part
Chaper 5- we usea quantitativeapproach to understand theureimpact of EV diffusion on

government revenue, maintainiogrtaxation as we know it today.

Our research method is in line wiRogge and Reichardt (201&tatement thaPolicy mix
concepts are defined and analyzed mostly in aitqtige approach, howevgethese insights
should be takeinto account in quantitative analysis with, for instance, a simulatioteling

of policy instruments.

Sincethe Policy mix concepis more tharthe identification ofthe deal combination of
policy instruments,Flanagan et al. (201Xcommend a qualitativenalytical approach that
recognizes the mulactor and multilevel governance of the conc@&pis isalignedwith our
study, sinceve are proposing to study the public policies used in Europe in the promotion of
electric cars, but taking i@ account thampact of the differeninternational, supranational,

national and local jurisdictions.

In other words, we will use the policy mix analytical approach focusirtige governance
level dimension and their effect in elementthe policy objectives and policy instruments
(instruments mix), since the policy mix difficulty resulteom more coordination and
governance issues than from specific technical is@dagro and Wilson, 2019As a result,
we will try to understand the influence of the international and supranational governance level
in the national and local policy adopted in a selected number of representative countries

illustrated inFigure 1-1.

Figure 1-1 - Flowchart of Study Methodology

Chapter 2 Chapter 3 Chapter 5
Policy Mix International and Supranational Level Spanish Car Taxation Evolution

Identify EV Recognize Identify Representative countries: Quantity the Adapt
Vertical International Supranational + Characterize current EV future impact of Electricity Tax

governance level driving | EV initiatives adoption in EU current EV fiscal rate to

1‘:“:"5 Tl‘ii forces ' EU or EEA * 3 Clusters based on multi- L incentives on mitigate

nb]ec't"lvesv criteria National and Government
+ Select 3 representative Local revenue losses.

countries

Source: Own elaboration
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In order to be able to do what we proposed earlier, we had to carry out a literature review
in Chapter 2 Thus, it was necessary to collect papers from: i) Policy Moncept ii)

Governance Level and iii) Public policies to promote EV penetration.

Therefore,the main references selected for the definition of our theoretical approach
Policy Mix - are:(Flanaga et al., 201}, (Howlett and Rayner, 2007 (Howlett and Rayner,
2013; (Kivimaa and Virkamaki, 2024 (Kivimaa and Kern, 2016 (Rogge and Reichardt,
2019; (Kern et al., 201y

In additionto the conventionaleferences associated with the Policy Mix, it was necessary
to focus on the impact of the governance level in the literature, with the main contributions

found in two articles(Magro and Wilson (2019)Veeneman and Mulley, 20)1.8

Finally, we had tanalyze the literature associated with public policies for the penetration
of EVs, these being the main referend&empton et al., 2004 (Lieven, 201%; (Langbroek
et al., 201 (Contestabile et al., 20);AFigenbaum, 2017 (Egnér and Trosvik, 20}8(Jang
et al., 2018 (Kester et al., @18); (Liu and Xiao, 2018 (Magueta et al., 2038(Rietmann and
Lieven, 2019

In Chapter 3, to recognize policy objectives of the international and supranational levels,
we categorize the United Nations Sustainable Dgpreknt, SuM4all dspecially green
mobility), Paris Agreementolicy objectives to identify main targets and pressure performed
at Supranational and National Level. Later, at Supranational Level (European Union for state
members and Economic European Area rionstate members), we systematize main EU
initiatives - regulations, targetsand industrial policies in a table, affecting diverse areas:

vehicle, charging infrastructurand energy.

In this chapterdast sectionfor the selection of the countrisgsbe studiedn Chapter 4we

doan analysis athe European panorama tifeadoptionof electric cars based on the following

categories:
1 Share of automobile Industry in the GDP(high/medium/low);
1 Registered EVs share in the total stock of registeredpassenger cars

(high/mediumlow);

EVs market share(high/mediumlow);

Pollution and traffic congestion leveld associated with urban population share, main
means of transportation; commute average distance and time;

1 Energy dependency and renewables share

= =4
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71 Centralization or decentralization T through taxes collection share by national,
regional and local level;

1 Charging Infrastructure 1T number of fast and normal chargers available per electric
car

Next, we bundthat countrieswhere the automobile industry is relevant to national GDP
(more than 10%)are the ones lagging behind EV adoption and countries without the
automobile industry are the leaders in electric mobility promotion. Therefmsedton the first
three categaesshown inTable 1-1, we are able to identify three different clusters of European
countriesand choseone representative country for each cluster identifidorway, Portugal
and Spainlt should be noted that these representative countries wereedelbesed on data
availability.

Tablel-1 - Variables chose for each cluster of countries

Auto Industry  |EVs share/total |EVs market ountry chosen
sharein GDP |cars share

Low Hgh High Norway
Medium Low High Portugal

Hgh Low Low Soain

Source: Own elaboration
For these representing countriesChapter 4ye identify policy objectiveandrelate their
impact in economic and neeconomic policy instruments adoptedtla¢ national and local
levels. Here,the study identiés the main economic and némcentive policy instruments
adopted for each representing country in the promotion of ielears, highlighting the car

taxes during the car acquisition, ownership, asé scrappag@able 1-2).

Tablel-2 - Economic policy instrumentscar tax incentive

[ | Use of ion
| VAT on taxes / charges d Electricity tax Tolls and vignettes

Vehicie EU Emission P ed | Distance-based | Urban road
e Raghetration Tax Scrapping Tax | subsidy | Value-Added | Value Added T VemleT-:;:uunian Petrol Fuel Tax - | Diesel Fuel Tax - non-business | L | cadcharges | prcing

Trading
Tax(VAT) | Tax (VAT) ICE Vehicles | ICE Vehicles | o0/ e (tolls) (vignetzes) o

) Periodic tax onthe | Comsumption | Comsumption | CO2 emissions | taxor
Indirect Tax | Indirect Tax | Periodic tax on the ownership tax on transport | tax on transport | of electr

Description ownership
fuel fuel production | charged for

Source: Own elaborativbased ofACEA, 2019IRENA, 2019EC, 2019
Afterward, in Chapter 5, we combine the results obtained previously with a quantitative

approach, done by a 2030/2050 simulatraydelingwith three possible BEV market scenarios.

Thus, we try to understand the future possible impact of the economic pslicyments (car

tax incentives) given by the national and local governance level on government revenue,
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through a Spanish passenger car fleet simulation modeling providedasgdo (2020)
maintaining the current car taxatigfigure 1-2). Due to time restraints, we were required to
choose only one of the three representative countries for this ariafygan- since isatthe

beginning of EV penetration.

In this chapter, we use the simulation model of the evolution of the Spanish Passenger car
fleet of Casado (2020fpor the three EV scenariesl00%, 50%and 0% sales BEV in 2040
and combine them with the current fiscal modétte that these scenarios were selected
because Spain in 2019, considered that in 2040, should have 100% of their car sales with zero
emissions (Spain; 201,@ndsincewe are studyng electric mobility, we focus on the effects of
the market penetration of BEVEhis fiscal model was created by us and is developed in chapter

5.2.Therefore, we maintain 2019/2020 taxation fixed during our time horizon.

Figure1-27 Spanish Car Taxation Simulation Modeling Flowchart

On purchase

= tax.:
2014-2019 registration,
* Historical info VAT
« Efficiency J
* Emissions Car fleet ‘ \

o evolution 20182050  ——>
model * Car Fleet
Sales scenarios l | 3 2018-2050

0%EVs
50 % EVs

100 % EVs
j 2018-2050
) *Driving

distance

*Energy/fuel T\

*Emissions

*Local incomes
*National incomes

Usage tax.:
circulation, fuel,
electricity,
emissions, VAT

Source: Own elaboration

It should be noted that we divided tax collection into two momeamtsehicle purchase
and vehicle usagdTable 1-3). The main variables selected @asado (2020fsimulation
modeling were the annual new car registrations and car stock per powertrain system, in order
to multiply them by the respective tax®¥e assumed thdhe Spanish passenger car fleet is
only composeaf Volkswagen Golf Modai Petrol and Diesel ICEVs, BE, and PHEVS.
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Tablel-3 - Different Car Taxation purchase and on its use

Vehicle Purchase Vehicle Usage(per year)
Registration Tax Circulation Tax
ValueAdded Tax(VAT) (21%) Fuel Tax + VAT on fuel
Individual Purchase Subsidy Electricity Tax + VAT on Electricity

Source: Own elaboration

RegardingCar Taxationregistratiorand circulatiortax aredependent o U emissions.
On the other hand, thfeuel and Electricity Taare based on average annual driving distance
andfuel and energy consumptiolt is valuable to note that annual driving distance is obtained
by INE (2008)and is fixed and equal to all powertrateshnologies Even thoughfuel and
energy consumptiois calculaed based othe car manufacture websiteVolkswagen.

Most importantly,we use Excel as our main tool to perform the calculations, to build the
tables with regard to total car taxesd finally to put the information in grapks be able to

present our @in findings.

In this way, we will then begin our analysis in Chapter 2 by reviewing the Policy Mix
literature, the importance ofulti-level governanceand finally the adaptation of this theory

for theelectric mobility catext.



CHAPTER 2 - EV PROMOTION THROUGH PUBLIC POLICIES WIT H THE
VISION OF POLICY MIX CONCEPT

Given current advances in technical performance and cost reductions for EVs, literature has
shifted from focusing solely on the technological and economic dimension and has begun to
explore the role of public policy and policy mechanigisster et al., 20)8Nowadays, there
are a wide variety of policies in place to contribute to EV market penetration in Europe,

especially in the lightluty vehicle sector.

As mentiond before sustainability transitions (dbeelectric car transition) are influenced
by public policies and strategies of the actors involigadberget al., 2018 Transitions are
affected by several policies at the same time and by the need to combine different policy
instruments. Policies are coming in complex packages and comprehending the nature of their
design is increasingly important, credfimultipolicy, multiobjective and multinstrument
mixes(Howlett and del Rio, 201%\janovic, 2014.

In contrast, Policy Mixconcepthas benefited from little attention by the transportation
literature(Bhardwaj et al., 2090Neverthelesolicy mixliterature seems pertinent to address
this muti-governance levethallenge in public policies ithe promotion of electric cars in
Europe, since the majority of transport studies are focusedardge policy instrument type

andin one country.

Consequently, in this second chapter, the role of pplolicy to encourage electric mobility
in Europe is discussed in an attempt to dialogue with the policy mix literature, focusing on the
vertical governance level dimension (international, supranational, natemallocal) and
recognizing the role of hmontal level (different departments and ministries). Please note that
policy mix conceptreview is made, mostly by nemansport literature through policy studies,

environment, energy, economand innovations studies.

With this in mind, this chapter @ivided into two sections. The first section is associated
with the definition ofthe Policy Mix concept still under construction, the importance of
multilevel governance, that is often overlooked in the literatamd the focus on the vertical
level, thd is, the influence of International and Supranational level at the national and local
level. Finally, in the second section, the combination of this theory with the promotion of
electromobility in Europe is carried odh summary, the view of the polieyix conceptwill
guide our research in the next chapters, regarding public policies adopted in Europe in the

promotion of electric cars.
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2.1. INTRODUCTION TOPOLICY MIX CONCEPT

To capture the variety and potential interactions between different policies, as well as their
ongoing changefogge and Reichardt (201&hdFlanagan et al. (2015uggest the study of
the policy mix.

In the past, public policy literature was focusedheaanalysis of individual instruments,
then become fixated on comparative studies of instrument selection and later emphasized the

choiceof policy instruments and its complex decisimaking and implementation background.

Policy Mix has been studied in various scientific fields, éagtecially in the environment
and energyKern and Howlett, 200%Kern et al., 201,7/Rogge et al., 201 Lindberg et al.,
2018, economic, innovations studi€dRogge and Reichardt, 201Blanagan et al., 2011
Kivimaa and Kern, 201,6Rogge and Schleich, 201L&nd in policy analysigHowlett and
Rayner, 2007Howlett and Rayner, 2013owlett et al., 2017Howlett and del Rio, 2015
Unquestionably, it is widely used in the climate and energy field in an attempt to the transition
of adecarbonized energy system.

It is important to hyhlight that Policy Mix was a concept imported from economic policy
debates and appeared in the economic policy literature in the 18G0sagan et al., 2011
This concept was commonly defined as a combination of numerous policy instr{ifmmbstt
and Rayner, 20Q7BesidesHowlett and Rayner (2013}ress that policy design is the way
which policy instruments are combined in an attempt to obtain pob@mctives.Thus, the

definitions of policy instruments and policy objectives are highlight&chinle 21.

In this case, public policies are treatech&solbox from where the best tools are or should
be choserfFlanagan et al., 20L1However, policy instruments can have different meanings
over time, placeand actors in terms of rationales, goasmeansinstruments are not neutral
and they have different history, social and technical values. Thus, policy instruments are

flexible and evolve
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Table2-17 Policy Instruments and Policy objectives definition

Policy Instruments Policy objectives

Are tools or techniques of governance to achieve main p{ Long-term environmental
objectives. These instruments are adopted by a governing social and economic
and can be called as measures, programgolicies in the targets with ambition
studies. levels based on visions

. . . : . the future.
Each instrument is associated watBpecific goal. Tesegoals

are the desired effect of the instruments to accomgblesmain

policy objectives.

Howlett and Rayner (200@ndRogge and Reichardt (2016] Rogge and Reichardt
(2016)

Source: Own elaboration based blowlett and Raynme(2007)andRogge and Reichardt (2016)

On theother handRogge and Reichardt (2018hd Flanagan et al. (2011efend that
policy mixes are more than just a combination of goiitstruments since this concept also
includes the dynamic processes of creation and interaction of such instrurtemdgan et al.
(2011)state that this concept is an opportunity to consider some hidden assumptions to deal
with a disordered, complex, mulgvel, and multitactor public policy experience since
interactions and interdepegntcies between policies affebbw the policy objectives are

understood.

Consequently, as emphasized before for studies focusednrthe policy instruments
i nteraction, we use the t erasshdwnmisgure Z4Zlment mi

Indeed, studies in the past were concerned about the identification of the ideal combination
of instruments. However, taking into account the latest body of research, the Policy Mix concept
should reflect the complexity of realorld policy, going beyond intaction and combination
of policy instruments and consider the lelegm horizon (Rogge and Reichardt, 2016).
Consequently, in our study, when we are referrintpégolicy mix, we are usinglanagan et
al. (2011)andRogge and Reichardt (20T6Hefinition.
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Figure 2-1 - Different Policy Mix Definitions

A/ ’—\———

Combination of numerous
policy instruments

Combination of numerous \
policy instruments

(
: | )
|
|
|

Al nstrument

Policy procesgs and
Policy interactions

Howlett and Rayner (2007)

aw s E = s

view
Rogge and Reichardt
(2016) andrlanagan et al.
(2011)view
Source: Own elaboration I S S - ,

As mentioned byBhardwaj et al. (2020)the Policy Mix concept is currently under
construction and used by several areas of study, therefore its terminology is still ambiguous. In

brief, Policy Mixes do not employ consistent terminoldgpwlett and del Rio, 2015

To comprehend the Policy Mix concepgge and Reichardt (2018)ggest the division
i n three nb da)ielentkntsh)gpolibyl pmeskesp) characteristicswhich can be
specified with the different dimensions.

In this way, we will use the divisioof the concept of Policy Miwf these authors in blocks
to facilitate the exposition of the understanding of this thdérgt, we will address the block
of elements, then the policy proceasd finally the characteristics. Finally, a definition of the
dimension is carried out to understand that public policies are also influenced $patiee

wheretheyare implemented.

Therefore, thei r st Abuid demengs idconoposkdf Policy Strategy and

Instrument Mix, asllustratedin Table 2-2.
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Table2-2 - Components chefirsti b ui | d i ii glemerdtso c k 0

a) Elements

Policy Strategy Instrument Mix

Offers direction to actions and decisions w Is the combination of policy instruments.

policy ~objectives and principal  plar Instruments are multiple, so we cdassify

(framework conventions, guideline them according to:

strategic action planand roadmaps).
- type (economic instruments; n@sonomic

instruments; and regulation);
- purpose (technology push or demgndl);

- importance (core and complementary).

Source: Own elaboration based Bogge and Reichardt (2016)

As we have seemstruments do not come isolated from each other and they are cdmbine
to fit into a mix (Howlett and del Rio, 2095 Policy instrument interactionspeesent a key
component ofthe policy mix concept since policy instruments are influenced by the co

existence of the previous on@&ern and Howlett, 2009

Indeed, instruments are combined in a complex way and their interaction may lead to
potential conflicts or synergigRio, 2009 Howlett and del Rio, 20)5Valuable to note that
coordination between policy instruments andeghiyes varies. Thus, interactions and trade
offs of these tools are fundamental and emerged previously from the macroeconomic policy
debategFlanagan et al., 20).1

Policy instruments interdependencies depamthe instrument mix and policy objectives
combination effect, as well as the path previously folloviReticy instruments combinatiois

normaly found in attempts to address multiple policy objectiit¢swlett and del Rio, 2025

Therefore, policy instruments are an intervention at a certaiment, but sometimes their
output is seen much later. Thidanagan et al. (201Hefend that is unrealistic to expect an
identification of Agoodo mixes rtensionandhe | i c
challenges arise when the instruments belong to different territorial governancéHeveistt
and del Rio, 2016
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The s eclodcidn gi bRdlioy rkcess is formed by Policy Making and Policy
Implementation(Table 2-3), which is particuldy pertinent to instrument mix, because the
complexity and insufficiency of the implementation can result in political resistance at other

vertical and horizontal governance levels, jeopardizing its complete potential.

Table2-3 - Components afecondi b u i | d i i Bolick Praces& 0

b) Policy Process

Policy making Policy implementation

It includes all stages of the policy cyc| is the measures adopted by authorities
identification of the problem; agendeatting;| actors to put the policy instruments in acti
policy formulation, legitimization and
adoption; implementation; evaluation; poli

adaptation, successigand termination.

Source: Own elaboration based Bogge and Reichardt (2016)

Policy processsare a result of socieconomic, cultural, infrastructurand institutional
conditions, as well as result in policy learning. It should be noted that policy processes
sometimesake a long time to play out. Therefore, policy proesase different across space,
time, and highly resistant to change, particularly from actors with assigned interests. This can
explain why new supporting instruments are added to the existent regstead of replacing
it. This creates incoherent policy objectives and uncoordinated instrurfiéotdett and
Rayner, 200y

As we have seen, public policies are an output of policy instruments accumulated over time,
adding complexity and cost to implemerati as well as a countproductive (no coherent
and consistent) and patfependent instrument mixes. Without a doubt, previous policy choices
can constrain the deployment of a new policy, since the old ones are institutionalized, creating

a suboptimal pdicy mixes or a failed restructuring, resulting in modest outcomes.

Indeed, policy mixes have been implemented incrementallytbegears and can emerge
typically through four processes identified Kgrn and Howlett (2009and exemplifiedin
Table 2-4.



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE 18

Table2-4 - Four processes of policy mixes implementation

added to the previou
ones, creating
incoherence betwee
goals and
inconsistencyamong

instruments.

but the

policy

instruments are th
same, generatin
new goals

inconsistent

instruments an(
probably infective
outputs.

LAYERING DRIFT CONVERSION REPLACEMENT
New goals and policy New goals replac{ Adjusting new policy Policies recreation
instruments  were| the previous ones,| instruments with and restructuration

previous goals, thi

should
problems

means and ends (

the policy.

create
betwee

through new goal

and new policy
instruments,

accompanied by
replacement of th
old ones, trying tc
achieve consisteyg
coherencg and

congruence.

Source: Own elaboration based Kern and Howlett (2009)

According to Kern and Howlett (2009)the appearance of potentially incoherent,

inconsistentor incongruent policy mixes more likely to crate contradictory effects and

surprising

lead to so poorer outcomes,aeemerging opportunities for handling sustainability transitions

out comes.

However

without thereplacementf existing policy regimes.

For this reasonRogge and Reichdr (2016)cr eat ed

can be consistent, coherent, crediblend comprehensivéTable 2-5). However, these
characteristics do not take into account the congruence highligtavlett and Rayner (2013)

which is the capability of policy goals and policy instruments to work together in a

unidirectional or reciprocally supportive way.

their

t he

resul

thi+d

characteristicéto demonstrate that elements and policy proessseven the policy mix itself

ts

Ak
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Table2-5- Components a¢het hi r d

fi b u iT Clthiactegistids | oc k 0

1¢

c) Characteristics

The consistency can |
evaluated in terms (¢

policy dimensions:
- policy strategy,

- consistency (o]

instrument mix;

- consistency of thg
instrument mix with the

policy strategy;

objectives  ang

policy
without noteworthy trade
offs (Kern and Howlett

2009.

This

organizational

requires advance
capacitiey
challenged by multiple
actors that can be addresg
through policy integratior

and coordination.

Elements Consistency| Processes Coherence | Policy mix Policy mix
Credibility | Comprehensiveness
Understand if element The dility of various| The Policy | Extension and
are aligned with eac| policy goals to ceexist with| mix is | exhaustion of the
other to meet policy each other, across differel believable | elements an(
objectives. In  othe| policy fields and and reliablel processes.
words, is thecapacity of| governance levels. across
elements to reinforce i _ elements
_ Policy goals should b
each other in the chase , and
. _ o logically related to overal
their policy objectives. processes.

Source: Own elaboration based Bogge and Reichardt (201&hd Howlett and Rayner (2013)

That is whyHowlett and Rayner (2012ndKern et al. (2017puilt two different concepts:
policy paching and policy packaging, defining two different methods for reaching the same

policy objective(Table 2-6).

As we have seen, the second method seems to be a more realistic way of policy design,
since the result of policy mixes are an outcomelivérse policies, which change over time
with the sum or subtraction of different elements. In sum, policy objectives are not static,

coherentor hierarchical, since they change over time and sometimes are in cOtdlintet
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al., 20179. Thus, aspreviously emphasized bylanagan et al. (2011)there are no

unambi guously fAgoodo mi X

Table2-6 -Policy patching and policy packaging definition

Policy packaging Policy patching

Idealized approach to reach an opl| Recognizes realorld policy m&ing
combination of policies across different poli reality and accepts a reasonable or suit
domains. Policy Mixes are built frof policy mix, namely a sufficien
Ascratcho, I me a n| complementary and coherent mix. It
discarded. Most of the time, cannot be see| more adaptative to current circumstan

arealistic option in realorld policy making. | and less ideologicallyigid.

Allows only thereplacement process. Compatible with layering, drift, and
conversion  processes, resulting

inconsistent and incoherent policy mixes

Source: Own elaboration based blowlett and Rayner (2013Kern et al. (2017andBhardwaj et al. (2020)

However, as argued bBhardwaj et al. (2020)policy patching process allows policy
interaction and collectivg they canachieve the overall policy objectives. What happéns
reality, is the amendment of existing policies by adding new instruments instead of creating a

new policy mix.

Therefore, the policy implementation can be influencethbyolicies prevously adopted
and by political acceptability of diverse policies through interest groups (for example key
stakeholders) and society. It is important to highlight that political acceptatrlitpffer a
rationale for policy mixegvhen the ideal policy isat politicaly acceptable. Thus, this concept

is compatible withthe policy patching proceg8hardwaj et al., 2020

On the other hand, policymakers are not completely free in their decisions and sometimes
policy mixes are patdependentKern et al., 201y After all, the policy mix implementation
results frequently in imperfect outcomes from a complex system with multiple actors and

governance levels.

In addition, from the standpoint of processes coherence between different policy fields and
governance kels, these two complete characteristics might be unmanageable together, since
systems are complex and deal with pdépendence, loek, theresistance of regime actors,
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conflicting interests and tension and fragmentation of policy making. Thus, th&ontes to
maximize the coherence within the instruments available, representing a mean and not a goal

of the policy mix performanc@Rogge and Reichardt, 2016

Lastly,thepolicy mix can be delineated by several dimens{diable 2-7) which show the

space where the interactions can happen, pointing the origin pbdlibg mix components.

Table2-7 - Dimensions where the policy mix components interactiagoccur.

Dimensions
Policy field Governance level Geography Time

Emphasizes policy Vertical is the abstract spaq Should capture
domain: energy| (international, of governancéevel. | policy mix dynamic
environmental, supranational, nature and how i
climate, innovation| national and local develops over time.
technology, scienceg and Horizontal
industrial and jurisdictions
transition policy. (different

departments an

ministries).

Source: Own elaboration based Bogge and Reichardt (2016)

As we have seeim the Governance levalimensionin Table 2-7, the Policy Mix concept
is compatible with the definition of the modern state, where there is a dgpefpower, both
upwards and downwards, from the national levéhésupranational and local level. Until then,
the idea of the State was associated with traditional neoclassical economic theories of welfare

and the unitary policy maké¢Flanagan et al., 2011

Therefore, governments operate on various scales of jurisdiction and in different hi®as.
division is conceptualized as mdléivel governance since it was created to support the
comprehension of supranational (EU) and fedetta¢ United Statess US) governments
challenges. Thugolicy Mix representthe replacement of traditional statentric models of

government by the notion of mulgvel, multiactor, and governance.

After analyzing thehreefi b u i | d i ri @olidy Proceds, £léments and Characteristics

- and dimension$ Policy Field, Governance Level, Geography and Tirtieat made up the
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Policy Mix, the Figure 2-2 allows systematization of this complex concapd understahthe

various forces thareinfluendng the implementation of public policies in packages.

Il n our study, we wi | |IiElmneats amdlyyolityktategyydénd i | d i
instrument mix; and the governance level dimension (vertical), highlighted by a red line in
Figure 2-2.

ThesePolicy Mix components were chosenttee understand impact of different policy
instruments implemented by eaehrtical governance level, since the different scales have

diverse perspectives and policy objectives, resulting in conflicts and coordination problems.

In the next section, the mulgiovernance coordination issue will be explored in much great

detail, foasing onthevertical dimension and combined it witte EV diffusion problematic.
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Figure 2-2 - Different
Policy Mix components

Source:adapted from
Rogge and Reichardt
(2016)
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2.1.1.Multi -level governancechallenges

2.1.1.1. Dimension: Vertical and Horizontal Governance Level

As we have seen previously, it is important to comprehend why the results of the electric
mobility can diverge so significantly between jurisdictions, since difficulties arise more from
the coordination and governance issues than from specific techsioed(idagro and Wilson,

2019.

Veeneman and Mulley (2018mphasize the importance of mu#vel governance in the
transport field, since the means of transport can have different values on different scales and be

valuedcontrarily by governments of different governance jurisdictions.

The Policy Mix conceptis commonly treated as uncomplicated and problems arise when
studies consider only a single level of governance and their coordination is seemed as
unproblematic, since policy complexity is increasing. Indeed, studies tend to focus on a single
unitary staée actor or a limited set of actors, while they are operating at multilevel of governance

and omit how instruments are selected and implemégRtadagan et al., 2011

However,Veeneman and Mulley (2018jghlight the coordination is impossible, regarding
the multilevel, multiactor and dispersed miext mentioned above. So, coordination can mean
a mutual adjustment between actors and systems. As far as we know, governance level problem

is systemically depreciated in literature.

Indeed, policy coordination failure can justify the existence of patickes through the
lack of multilevel coordination across systemic le\®egge and Reichardt, 201 6lowlett et
al. (2017)state thatd obtain better policy integration, policy makers should adopt policy

instruments capable of overcoming or avoiding conflicts and contradiction in a policy mix

Consequently, in order to present the different solutions found by policy makers in
promotingelectric cars promotion in Europe, we will take into account the governance levels
of Policy Mix concept, which divides public policies into four levels of vertical governance: i)
international (United Nations, Paris Agreement, SuM4all); supranationedf&an Uniori
statemembers or European Economic Ardar nonstate members); national (country); and

lastly, local policies (city or regior{JFigure 2-3).
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Figure 2-3 - Vertical Governance Level
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The vertical governance dimension has a multilevel government and governance contexts.
As can be seen iRigure 2-3, the different vertical governance levels have multiple policy
objectives, which can have something in comramyvell as different policy objectives and
preferencegHowlett and del Rio, 20)5For example, the international level is concerned with
the environrent degradation and climate change and has tried to promote sustainable mobility.
In turn, the European Union's supranational level is under pressure from the international level,
but it is also concerned with Eelsa@meficiertcer nal
as well as providing secure and affordable energy to consyRiers2009. In this way, the
EU creates standard initiatives for Member States to comply with, which sometimes also

include the European Economic Area members.

Then, the national level tries to transpose European measures into its national legislation.
However, tle answers are varied according to their culture, political ideology, industry and
other factors. In fact, this level is more concerned with GDP and the level of employment. Thus,
a great disparity in national public policies is created and, thereforeratitflevels of EV
market penetration. Though, there are also countries that are pressing the European Union to
take action. Take the case of Norway that intends to Bex@emissions Vehicl¢ZEV) sales
in 2025, while the EU intends to be carbon neutrdy in 2050. It is also at this level that there
is a majority of car tax collection, at least for centralized government countries, that are the

majority in Europe, as we will see later.
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Finally, the local and regional level are mainly concerned withathguality and noise
level, land use, road safety and traffic congestion in the major urban areas, or more simply
increase urban livability. This level may reinforce the national policy, or perhaps even
contradict it. This level can adopt measures thateiase the value of using EVs, accelerating
their market promotion, without major consequences for their government revenue level.

However, the same does not apply to the national level.

In sum, the existence of international, supranational, nationabealdpolicies may lead to
conflicts, which can jeopardize the objectives of each vertical governance level. In addition, the
efforts of coordination to moderate these conflicts is particularly challenging and may have
limited effectiveness, since the ingments are implemented in different territorial scopes and
have multiple objective@io, 2009. Indeed, reconciling the different policy objectives of each
vertical level imply intra or intergovernmental barging and decision mgkog/lett anddel
Rio, 2015.

This analysis of the vertical governance dimension in EV market penetration also creates a
guestion: What is the most important level of vertical governance for the promotion of electric
mobility? As can be seen below, the literatur@vles different answers and approaches to this

guestion.

Accordingly toLindberg et al. (2018)potential impact of public policies the European
Union and the European Economic Area is strongly dependent on how supranational legislation

is converted to domestic legislation.

Regarding public policy action at the national level, these are validated technical standards
that define tkb efficient level of public investment, charging infrastructure and direct and
indirect actions to promote electric vehicles demand. Indeed, national policies appear to be a
key level of intervention in promoting electric mobility and these can be reauddrg local

policies at regional or city level with mostly n@eonomic incentive_epoutre et al., 2019

On the other hand/eeneman and Mulley (2018nhdMagro and Wilson (@19)disagree,
they argued that national level of government is not necessarily the central policy making unit,
since National and Supranational government levels have a more macro vision of the world
than the local authority. In addition, these autlass demonstrate that policy formulation and
implementation is more like a continuous negotiation system among different vertical

governance levels.
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Then, throughout our study, we will realize the role of each of these international,
supranational, national and local levels. However, we do not develop the local level in great

detail, we only refer it in some situations.

Despite these complex vertiogbvernance levels, the electric mobility is also influenced
by horizontal governance levels, that is the interaction between diverse policy instruments and
objectives, policies implemented by each Ministries of Environment, Industry, Finance,
Transport, Halth, Energy and Employmerdtci at National level or departments at local
levelT within the same vertical governance le{fébure 2-4). Horizontal governance level has
also potential to add more dissimilar interests among the same vertical gmeetagel.

However, this approach will not be developed in our study
Figure 2-4 - Horizontal Governance Level

Horizontal Governance

REGIONAL LEVEL LOCAL LEVEL

Environment  Industry Finance Transport Health Employment Energy
Traffic management +
investment in
infrastructure

Different departments => Different goals/objectives

Source: Own elaboration

On the other hand;lowlett et al. (2017pefend that policy mixes with complex policy
making have more risk of failure when horizontal and vertical dimensions are not integrated.
That is because certain actors may promote some actions without takingdotmtatheir
impact on other elements of a policy mix. This is particularly relevant for vertical governance,

since integration is even more complex.

Additionally, conflict concerningpolicy objectives and instruments are probable more
common when multiplgurisdictions are involved. For instance, in promoting electric mobility,
the local level may take some measures that are counterproductive when are seen by national

measures.

In addition,Howlett et al. (2017argue the importance aésistance to change, that is, when

previous policies and programs have benefited a particular sector can be very costly to shift to
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other arrangements. This is also the case for electric mobility, since the auto industry has always
been encouraged by poji instruments and now sees itself forced to switch to an electric
powertrain over which they do not technically dominate, losing many didatearch and

DevelopmentR&D) done so far and their economies of scale associated with the ICEV.

Given this contet, Policy mixliterature seems pertinent to address this agatiernance
levels challenge in public policies in promotion of electric cars in Eurbukeed, various
governance levels take part of the policy mix concept, since they refer to the dimenesren

the interactions can occur.

However, the dimension of governance level in policy mix literature is often neglected, but
when the governance level dimension appears is more like a distinction made, normally, in
studies on policy coherence and cotgsisy(Magro and Wilson2019. However, as stated by
Flanagan et al. (2011¢ach governance level can have different actors with different roles at

different times and it can create new actarsganizations or networks.
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2.2. POLICY MIX AND EV MARKET PENETRATION PROMOTION

Transportation research has not actively used this concept, quite the opposite, it has almost
ignored itexceptGivoni et al. (2013)Kivimaa and Virkamaki (2014Veeneman and Mulley
(2018) and recentlyBhardwaj et al. (2020)In addition, onlyBhardwaj et al. (202 were
concentrated solely on electric passenger car flegtpaticy mix concept. The other ones

applied the Policy mix concept to public transport or transport in general.

To understand how the EV promotion literature addresses public support policies, we
createdTable 2-8. This table highlights in the first catery of analysis how many countries
are analyzed in the studyne, two, three or more countries. The second category of analysis
emphasizesvhether the countries analyzed are located in Europe and refer to the influence of
the guidelines defined by thisvel of governance. In the third category, the number of policy
instruments analyzed imderlined Finally, the last category of analysis refers to the type of
policy instrumentsanalyzed, that is, whether they are related to the moment of purchase, the

use of the vehicle or the development of the charging infrastructure.

As we can see ifiable 2-8, public policies in order to promote more sustainable mobility
were analyzed with a policy instrument type in isolat(éloltsmark and Skonhoft, 2014
SanchezmBraza et al., 2014Hardman et al., 201 Harrison and Thiel, 20174&larrison and
Thiel, 2017 MartinezLao et al., 201)or just for one countryBrand et al., 201,3Holtsmark
and Skonhft, 2014 SanchezmBraza et al., 2014Bjerkan et al., 201,6Figenbaum, 2017
Haugneland et al., 201¥artinezLao et al., 201,/Cansino and Yfiguez, 2018agueta et al.,
20138.

It is noteworthy that many of these al#is are concentrated in Norway, as it is identified as
a successful country in EV market penetration. In addition, most studies look at multiple policy
instruments, but without much detail. These studescomparative analysis between different
countries, usually more than four countrig§anovic, 2014 Sierzchula et al.2014 Lieven,
2015 Lévay et al., 201,/Kester et al., 201,8inzel et al., 201LRietmann and Lieven, 2019b
Santos and Davies, 201@/ang et al., 2019 However,somestudies compare two countries
(Contestabile et al., 201Deuten et al., 203@&nd here, the detail of the analysis is higher.
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Table2-8 - EV support policies literature analysis

Papers Authors' Name

< Brand et al. (2013)
Holtsmark and
Skonhoft (2014)
Ajanovic (2014)
Sanchez-Braza et al.
(2014)
Sierzchula et al. (2014)|
Lieven (2015)
Z | Coffman et al. (2016)
Contestabile et al.
(2017)
Figenbaum (2017)
Harrison and Thiel
(2017a)

<_| Bierkan et al. (2016)

Harrison and Thiel
(2017b)
Haugneland et al.
(2017)

Lévay et al (2017)
(2017)
Cansino and Yiiiguez
(2018)

Kester et al. (2018)
Miinzel et al. (2019)
Rietmann and Lieven
(2019)

Santos and Davies
(2019)

‘Wang et al. (2019)
Deuten et al. (2020)

Martinez-Lao et al.

<

<
7 | Hardman et al. (2017)

National | One Country
Governance

<

o

¢ Z| Kempton et al. (2014)

< Magueta et al. (2018)

<
<

Two countries

<

Level

<

Three Countries

> more than four v (VAN RV4
countries

Supranatio | Europe v v VI V|V [V WV v v

al Level -
n v Recognizes EU v v
pressure

4 &Y L

Quantity of | One single policy Vv v
Policy instrument

Instruments [ Two policy
analyzed | jnstruments

Multiple Policy v VARV VAR RVA IRV
Instruments

Policy Policy Instruments v v o[V WV VAR RVA IRV v v v v v
Instruments | used on EV support

Types purchase (registration
tax, purchase subsidy,
scrappage schemes)

Policy Instruments v ViV VIV VWV WV Vv Vv
used on EV use (fuel
tax, electricity tax,
circulation tax)

Policy Instruments VARV VAR RVA IRV v v v
used to support EV
charging
infrastructure
deployment

Source: Own elaboration
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On the other hand, there are studies that although they are concentrated in several countries,
they carry out a more detailed analysis. For examf@steret al. (2018pnnalysis EV incentives

comparing several policy instruments for the Nordic region.

Rietmann and Lieven (2019bpade the same kind of study, but for Norway, the
Netherlands, Germany and Brazil. Additional§antos and Davies (2018)eated a paper
investigating the role of EV incentives in five European countries: Germany, Austria, Spain
and United Kingdom.

Some other articles analyze the existing policy instruments for promoting electric mobility,
without focusing on any partitar country(Kempton et al., 2014Coffman et al., 2016
Hardman et al., 2037They are more theoretical papers that further develop the complexity of

eachpolicy instrument without a specific cotrg example or case study.

Many of these studies do not pay particular attention to the role of international pressure or
the European Union itself, although some of them mention at least the influence of the
Supranational authority. With some excepticsiHarrison and Thiel (2017dpcused on an
analysis successful EV policies implemented by EU countries, referring the influence of EU
directives in the national frameworks. Although most articles are concentratddastatome

countries in Europe.

The analysis of public policies to support EV market penetration is concentrated at the
national level, although there are also studies focused on the local level. However, the

international and supranational level/agheleast studies.

Although it is raresomearticlesonly focus on one single policy instruméHbltsmak and
Skonhoft, 2014SanchezBraza et al., 2004 Most studies try to mention the incentives when
purchasing the vehicle, throughout its use and also in the development of the charging
infrastructure. However, most papers focus on the initial incentives associated with the vehicle

purchase.

In brief, as we have highlighted in Table82the EV support policy literature has largely
concentrated on the analysis of multiple policy instruisen pairwise instruments

combination with shotfterm time horizon and with one or more than four countries

Therefore, we defend &rn et al. (2017)a further complementary analysis to capture the

complexity in real world policymixesis neededWhile singe type instruments studies are
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valuable, their combination allows the comprehension of the wider context, as well as the way

the policies are designed and implemented.

Even though, one of the gaps in the literature assoandtegromoting the penetration of
EVs is not mentioning the rationales and motivations for the policy déBimgardwaj et al.,
2020. That is, most studies do not previously identify the purpose of the policy instruments

adopted, namely policy objectives.

Additionally, as enphasizedy Howlett and del Rio (2015ndHowlett et al. (2017)most
studies are focused on single governance levels, more simply, ttepnaentrated on relation
existing between policy instruments, objectives and policies within a single governance level
and sector. As mentioned above, most studies are concentrated at the national level and

sometimes at local level.

It is value to note thavertical dimension is often ignored in most of policy instruments
choice and policy design literature and the same is happening in EV support policies research,
since there are not many studies that recognize the influence of the international and

supramtional level, although they often refer to the role of the local level.

We try to fill this gap in our study, since the vertical dimension is related not only by the
number of policy instruments, objectives and policies in a mix, but also the numbdicef po
sectors involved and different jurisdictions active in policy formulation. Consequently, we aim
to analysis policies to promote EV market penetration in Europe, based on this perspective.
That is, we take into account in our study the different e\l vertical governance
international, supranational, national and lodleir different policy objectives and then their

instruments implemented for each level of vertical governance.

Although there is a greater emphasis on the automobile sectar iasearch, we also refer
to the importance of synergies with the power sector, since the transition to the low carbon
economy can only be achieved with the combination of disruptive changes in both sectors.
However,we cannot perform the most detailethbysis for both sectors.

This vertical governance dimension requires efforts to reach administrative coordination
and policy integration compatible with context, which a horizontal dimension analysis does not
(Howlett and del Rio, 20)5Without a doubt, the vertical governance dimension have to take
into account the preferences for different policy instruments, which favored some particularly

sectors ad governments.
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This is also the case for electric mobility, since the motale industry has always been
encouraged by policy instruments and now sees itself forced to switch to an electric powertrain
over which they do not technically dominate, losmgny of its R&D done so far and their

economies of scale associated with the ICEV.

Please note that literature is also focused on equity and distributive impacts of transport
policies, since equity can challenge the policies addressed to vehicle owngestgpprt
accessibility and proximity to transport infrastructure. We will not discuss this in detail in our
study.

To conclude, our analysis takes a boarder view, since we consider policy objectives and
their policy instruments for each vertical govearoa level and not only the common national
l evel, the existence of coordination and p
aims to contribute to the literature on policy mix in the transport sector and the importance

multilevel governance oBV market promotion in Europe.
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2.3.CHAPTER CONCLUSIONS

Transport policies are coming in complex packages and comprehending the nature of their
design is increasingly important, creating mplilicy, multrobjective and multinstrument

mixes. ThusPolicy mixliterature seems pertinent to address this great challenge.

ThePolicy mix is a concept undeonceptualized and with inconsistent terminology since
its analysis has been made through studies from different scientific fieldaspatity studes,
environment, energy, economand innovation. While traditionally Policy mix is defined as a
combination of numerous policy instruments, in our study we adopted the conE&iafan
et al. (2011)andRogge and Reichardt (2016yhich defendhat policy mixes are more than
just a combination of policynstruments, since this concept also includes the dynamic processes

of creation and interaction of such instruments.

Although the policy mix concept has multiple components, we will focus on the elements
policy strategy and instrument miand verticalgovernance dimension. First, Policy strategy
is the direction given to actions and decisions by policy objectives and plans. Please note that

policy objectives consigif long-term environmental, sociednd economic targets.

Then, the instrument mix is tB combination of policy instruments, which are tools or
techniques of governance adopted by a governing body and can be called measures,, programs

or policies in the studies.

Finally, thevertical governance dimension is compatible with the definitich@imodern
state, where there is a dispersion of power, both upwards and downwardgosecenents
operate on various scales of jurisdiction and in different areas. Therefore, vertical governance
level is the existenaaf international, supranationaktional and local levedin public policies,
which are able to create more conflicts between policy instruments and obj&dtigdgappens
because certain vertical governments may promote some actions without taking into account

their impact on other ements of a policy mix.

Consequently, each vertical governance ite®wn policy objectives, which can have
something in common with the other jurisdictions, as well as different policy objectives and
preferences. For example, the international lewelconcerned with the environmeht
degradation and climate change and has been trying to promote sustainable mobility, while the
supranational level is also worriaoutt he pr evi ous policy objecti

dependency on imported folsisiels, efficiency and secure and affordable energy to consumers.
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The rational level tries to transpose European measures into its national legislation but is more
apprehensive with GDP and the level of employment. Lastly, the local level is focused on

increase urban livability.

Nevertheless, Policy Mix has benefited from little attention by the transportation literature
with exception ofGivoni et al. (2013)Kivimaa and Virkamaki (2014Veeneman and Mulley
(2018) and recentlyBhardwaj et al. (2020and even more regarding the vertigavernance

level problem that is systemically depreciated in Pdlicy literature.

As a matter of fact, the majority of studies are focusethemational level, ignoring the
international level and if are locatedtime European Union, the Supranational level pressure.
In addition, most studies are concentrated on itleentives associated with the vehicle
purchase, but also refer to the instruments associated with the use of the vehicle and

development of the charging infrastructure.

To conclude, our study will use the Policy Migncepto analyze the actions takenégch

level of vertical governance in the electric cars market promotion in Europe.
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CHAPTER 3 - EV PROMOTION REVIEW IN EUROPE 1 INTERNAT IONAL AND
SUPRANATIONAL PRESSURE

In this chapter, we focus on the international and supranatiertadal governance levels
their influence on electric mobilityand on the message that these levels are transmitting to the
national level. For this, we identify thpessure and diverse policy objectives of the vertical
governance levelsInternational (irsubchapter 3.1.) and Supranational (in subchapter 3.2) and
we end it withasystematic analysis of the electric passenger car adoption in Europe (subchapter
3.3).

First, in subchapter 3.1., we identify the importance of the transport sector, its
environmen a | and soci al i mp a c fe, aodnshow the trapsignwd at i
transformation that this sector is going through in order to achieve its decarbonization.
However, the transport system decarbonization needs to be accompanied by a decarbonization
of the power sector to achieve exponential iotpalherefore, in this suthapter, we address
the role of the Paris Agreement (3.1.1.) and the United Nations (3.1.2.), thheughM4all

organization in promoting sustainable and green mobility.

Then, in subchapter 3.2, we recognize the role of tireean Union in electric mobility
and highlight the main European regulations, directives, industrial policies, taapets

incentives created for its promotion mainly by vehicle, charging infrastryetutdesnergy.

Finally, in subchapter 3.3., wdo an analysis of European panorama of the electric
passenger cars adoption and associate it with its stock share, market share, government level of
centralization or decentralization, energy dependency, share of renewables, charging
infrastructure, level of dlution and traffic congestion. At the end of this chapter, the analysis
carried out allows the selection of three representing countries of each cluster of European

countries.
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3.1. INTERNATIONAL LEVEL

The transport sector will face an uncertain patiiwathe future, but it is already dealing
with rapid chang€SuM4all, 2017. Unquestionably, the way people and goods travel within
and acrosshe world is shifting quickly and digital technology use can chatigevehicle
ownership paradigm through vehicle shati ridehailing, and carpooling. As has been
emphasized by SUM4ALL, transport shapes markets siympétle, links and connect local

communities to the world.

Transportation has the potential to improve lives and livelihoods, as a result of the impact
of mobil ity hEhertransportgedao gfféces Beslth,lenvifoemant quality of
life and can be meet with special attention on climate ché@wd4all, 20T). This sector has
the power of shaping the physical world where people live in since mobility is linked to land

use and spatial configurations of cities, regions and cou8idd4all, 2019

This main transformation is particularly problematic, concerningttiesiransport sector

has a significant contribution to national GDP pdoyment, and national and local revenues.

As already stated, this sector needs to overcome a major transformation, including
improving massively of efficiency and move from oil to electricity and otherdaskon fuels,

since this sector represstitelargest or the secordrgest energgonsuming sector.

This is happening since road transport creates numerous of negative externalities. At
global level, greenhouse gas emissions (GHG) result in climate change and at the same time,

air pollutant emisions have consequences for human héBiguten et al., 2090

Please note that carbon dioxide () is the mainresponsibléor GHG emissionso U
emissions are directly linked to fuel consumption. In other words, the amoand &mitted

by a car is related to the amount of fuel consu(WeédTP, 2020.

Indubitably, climate change creates major threats to infdateliinvestments and services
through triggering longeterms changes, such as average temperature growilevseaise,
shifting precipitation patterns, permafrost melfingdesertification. But the key point here is
the gravity and frequency of ditar risks, like flooding, storm&nd heatwavesSuM4all,
2019h.

Please note thair pollution is relevant since it has major consequences on health, globally:

Nine-out-ten people breadhpolluted air every day, triggering more than 5 million premature
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deaths each year. Three main air pollutants are Sulphur dioXde i relatedto non
desulfurized fuels; along with nitrogen oxides § and fine particulate matte) 0 g -
linked to diesel engind©ECD/IEA, 2019h. Most larger cities are dealing with substantial or
severe air pollution, whilgéhe transport sector is the largest contributing sectob .
Therefore, some of these emissions not @ffgct global warming and climate change, but

they are also responsible for acid rain, which affagtquality in local aread_amjon, 2012.

Petrol and diesel cars cause both GHG and the other air pollutant emissions, but diesel cars
have higher air pollutant emissmsuchas0 U , despite theifower GHG emission§Deuten
et al., 202).

Besides GHG emissions, noisad local air pollution, road transport is also responsible
actually for dependence on foreign energy sources, compromising energy sg@way et
al., 2017.

At the same time, noise pollution is also connected, since has bded telaerious health
risks, linked to a deteriorated quality of life from increased stress levels, sleep disturbadces
interferences with cognitive development and performance, causing hypertension and heart
diseasesJuM4all, 2019b) In fact, road raffic (and also honking) is a major sourcettoé

noise.

The shift is so imperative for this sector since it is responsible for 24% of diréct
emissions from fuel combustion, regarding that oil is the main sou@&)afmissions in the
transportsector (OECD/IEA, 2019h. Particularly, the road transport sectorars, trucks,
buses two- and threewheelersi represents approximately thrgaarters of transpord 0
emissiongFigure 3-1). In accordance wit&uM4all (2019b)road transport environment and
health impacts are absolutely the greatest within the current transpant. Sdwtrefore, it

requiresparticularattentionin our study.
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Figure 3-1 - Transport Sectod 0 emissions by Mode of Transport in SDS scenario ZIED
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At the same time, private car transport accounts fortweeters of all passenger mobility,
representing the | argest modal share of the
the second transport modal share for fre{§igure 3-2) (SuM4all, 2017 SuM4all, 2019h.

Figure 3-2 - World Transport Modal Share for Passengers and Freight (2015)

World Modal Share for Passenger Transport (PKM) World Modal Share for Freight Transport (TKM)
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Source:SuM4all (2019b)page 10

In fact, the majority of daily urban trips are made by private motorized modes in the cities
of developed countries. Consequently, car traffic has increased strongly, while cycling and
public transport have faced timid growth. Then, the most challenges faced in developed
countries are related to time spent in traffic, integrating the schedulesbbé pransport

services to compete with private mogasd prioritization of nommotorized transporOn the
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other hand, in developing countries, the problems are related to physical and financial barriers
to access.

When we are analyzing global transpemissions, the tendency is to slow down its ghow
rate from 1.6% annually to 0.6% in 20@8gure 3-3) (IEA, 20193.

Figure 3-3 - Transport secto® U emissions in SDS scenario, 262030
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Alternatively, road transport emissions have amplified despite the progress made with
electrification. In 2018, the global share of electric car sales incrénsetre than 2,5%
(Figure 3-4). This is happening because car buyers are continuing to by Emg heavier
vehicles and more efficient diesel cars, camouflaging the effect of EV penefta#io20195.

Road transport emissions reduction will only be possible thigincentive of use of public

transport, enhancintipe efficiency of ICEV and electrification growth.

Figure 3-4 - Electric Passenger car stock in the SDS, 20060
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EVs are perceived as best suited to reduce emissions froralightehiclegHannula and
Reiner, 209). Although the global share of electric mobility is still residual (5.12 million in
20181 less than 1% of global car fleet), their fleet is growing quickly (sales increased 68% in
2018). China continuesto leewor | dés | ar ge st umperakddhe Unitddo!| | o
States. Particularly, Norway has the highest market share fo(Bajase 3-5) (IEA, 20190.

Figure 3-5 - Electric car stock by region and technology, 262318
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IEA (2019b) highlights that acceleration od 0 emissions reduction will only be
conceivable with progress ime decarbonization othe power sector combination. In fact,
electric mobility can have an important role in increasing the flexibility of power systems
promoting the integration of intermittent renewable energy resourcethag@neration mix
(OECD/IEA, 20193

With regard tod 0 emissions reduction, EVs reduce local air pollution from circulation,
but when we are taking into accouheoverall EV6 U footprint, it can exceed ICEV actual
emissions without a combination of decarbonizatod the energy system, which requires a
change in the way electric energy is produced and consumed. More simplgnd GHG
emissions related to EVs over its life cycle are associaiichis average carbon intensity of
electricity generatio(OECD/IEA, 2019a Naturally, if the power generation mix is still
dominated by coal, hybrid vehicles have lowed emissions than BEV®OECD/IEA, 2019
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For this reason, the deployment of renewables is a key option, since the cost of solar
photovoltaicand wind have fallen expressively recently and are eggdéxtecline much more
further in the future.

Despite road transport emission evolution and global ecmengrawth, improvements in
efficiency, electrificationand fuel switching are putting energy demand stable, everthath
electrification of mobility and heatingECD/IEA, 2019b. In fact, efficiency has also a key
role to play, since is a mutual denominator across transport and energy and st tmst
effectiveness characteristic. In 20a@onventional car sold will consume less than 50%hef

fuel required by the average car sold nowadays.

As we have seerthe transport sector is withithe critical transition and needs to be
accompani@ by power sector decarbonization. In fact, EVs are an essential step for the
transition to a cleaner energy system dodfacilitate the availability of energy storage
(OECDI/IEA, 2019a This transition should be aligned with the Paris Agreement on Climate
Change and Sustainable Development Scenario, meaning increase efficiency and reduce energy

demand transversely by all transport modEg,, 2019h.

3.1.1. Paris Agreement

The greatest advancement during the COP21 Paris Climate Conference in December 2015
was the acceptance of a collaborative initiative, calledaris Declaration on Electromobility
and Climate and the Call to ActiofiLévay et al., 201)/ Indeed, it represents the first
international climate agreement which defingtigation obligations to all countries, including

the developeé and developingountries(Magueta et al., 2018

Paris Agreement (PA) on Climate Change has an objective of holding the increase in the
global temperature to well below 2°c above-pra@ustrial levels and pursuing efforts to limit
the temperature increase to 1.5 °c above-imastrial levels (OECD/IEA, 2019b.
Consequently, electromobility promotion should be achieved to a more sustainable transport
sector pathway, since the energy and transport sector are responsible for aitbutisebthe
global GHG emissiond_évay et al., 201)/

It has been ratified in 2016 and the key elements for action include mechanisms for
developing countries and Nationally Determined Contributions (NOSsM4all, 2017.
NDCs are the climate aon plans of each Party of the United Nations Framework Convention

on Climate Change (UNFCC), taking into account not only mitigabonhalsoadaptation
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Please note that would be necessary to achieve carbon neutrality in the second half of this
centuryhat each NDCs shoul d -tarma @eaeiopment $tratégres witto u n t
low GHG emissions by 202&RNC2050, 201p

However, mostof the NDCs made so f ar, with a 5 vyea
concentrated on the role of passenger transport and urban mobility. Naturally, NDCs need to
be more determined in ondéo meet the PA objectiveind to do so, freight transport and
adaption should be emphasiz&liM4all, 2019,

Consequentlythe Paris Agreement embodies the wérldommitment to move towards
low-carbon economy, making pressure for countries to implement policies that simplify the
transition to cleaner economi@sC, 2017¢. These targets suggest a global obligation for all
economic sectagr althoughthe transport sectois one of the main emitters. kronformity to
SuM4all (2019b)thepeak ofé U emissions should hapn by the mie2020s or latest by 2030,
taking into account PA objectives. As referredHannula and Reiner (2019 order to
accomplish thesé U emissions reductions required by Paris Agreentaettransport sector

can opt for decarbonizing fuels or vekitechnologies, or the combination of these two.

In sum,the Paris Agreement is a global garteanger, although is determined by national
efforts that vay greatly(EC, 2017p. Finally, another global instrument is the United Nations
(UN) 2030 Agenda for Sustainable Development, which implies ambitious Sustainable

Development Goals and attempts to nteeParis Agreemertlimate change targets.

3.1.2. Uniked Nations and Sustainable Mobility for All

Sustainable transport and mobility are essential to miemtUN 2030 Agenda for
Sustainable Development and also to achieve 17 Sustainable Development Goals (SDGS). In
fact, sustainable mobility is essential teeh 6 of the 17 Sustainable GogdsiM4all, 20190,
Although there is no Sustainalidevelopment Goal solely dedicated to trandpgrtthere are

two SDGs targets transpaslated(SuM4all, 2017

1 Offer access to safe, affordable, accessible and sustainable transport for all
women, children, persons with disabilities and elderly people (SD&;1

1 Achieve half the number of global deaths and injuries related by road traffic
accidents SDG 3.6);
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For this reasonODECD/IEA (2019b)created a Sustainable Development Scenario (SDS)
that shows a pathway to reach the United Nations Sustainable Development Goals (SDGs),

mostly related to transport and energy (SDG 7).

As a matter of fact, reduction of GHG emissions (SGS 13) has to dbgnized together
with decisive action on energy (SDG 7) and sustainable transport, since countries cannot
provide food security (SDG 2) and healthcare (SDG 3) without a transport system and an
infrastructure to support economic growth and human-ketig,which is reliable, sustainable
and resilient (SDG 9.1.). Indeed, road safety in cities needs to improve, expanding public
transport (SDG 11.25uM4all, 2017.

More importantly, children cannot attend classes (SDG 4), women cannot have employment
and empowermerdpportunities (SDG 5), persons with disabilities and older persons cannot
have their independence and dignity without a transport that is accessible to everyone (SDG 9
and 11).

As stated before, this SDGs will only be accomplished thi#progress made oenergy:
reducing the impact of air pollution on illnesses or deaths (SDG 3.9 or 11.6); tracking climate
change and include them into national policies, objectaed planning (SDG 13); achieving
universal energy access (SDG 7) with doubling the gl@ealaf improvement in energy (SDG
7.3); rationalization of inefficient fossilel subsidies (SDG 12.c); and increase adoption of
clean and environmentally technologies and industrial processes, like renewables (SDG 9.4)
(Figure 3-6).

Thus, policies promatg these SDS are complementary but sometimes can have some
tradeoffs (OECD/IEA, 2019h. As a consequree, these SDGs objectives have complex trade
offs, as well as synergies, which make decisiaking challenging. With this in mind, policy
coherence should be fostered by a strengthening celenel policy instruments. In sum,
SDGs do not offer a defined trajectory for transport and mobility but offer the conditions under
asustainable pathwapuM4all, 2017.

Sustainable Mobility for All (SuM4all) is a platform for international cooperation on
transpot and mobility issues, formed by a global coalition of public organizations and private
companies. SuM4all is focused thre future of mobility, which needs to be aligned witte
Sustainable Development Goals dheParis Agreemen(iSuM4all, 2017.
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Figure 3-6 - SDG targets relatetb Transport
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As a matter of fact, market forces do not distribute equitably transport infrastructure and its
services, do not provide an efficient transport system (traffic congestion is an example), but
creates market failures in road safety afichate clange, generating local air and noise
pollution. That is why this organization believes in an accessible, efficient, safe and green
mobility, which are thig objectives(Table 3-1) (SuM4all, 2019a

First of all, universal access objectivgendsthat everyone lmaccess to the transport
required, in order to take advantage of economic and social opportunities, especially in rural
areas, where most poor people live. For this reason, equity and inclusivity are the main concerns
of this global objective.



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE 4€

Secondly, sstem efficiency has the goal of providing transport at the least possible cost,
given a set of available resources. This global objective is related to productive efficiency and

allocative efficiency.

Third, safety is the global objective concentratedvamding fatalities, injuries, and crashes
which have resulted from transport. However, this objective is challergimge measuring
safety has been proving to be difficult ancsifocused on roads because the number of deaths

and serious injuries fromoad crashess the highest, regarding all other modes of transport.

Finally, Green Mobility aims to deal with climate change by mitigation and afitaptin
order to reduce air and noise pollution. This is the global objective more relgteziRaris
Agreement under UNFCC and NDCs. Those Green Targets aretketnational level, but
they need to be consistent with international agreements when they exist. In this case, for
climate changeSuM4all adopts Paris Agreement, but for air quality, thene imternationally

agreed quantitative target.

Table3-1 - SuM4all Four Global objectives

EQUITY EFFICIENCY SAFETY GREEN MOBILITY

9 Promote access 9 Superior and quick 9 Decrease of 1 Improve air quality

across: gender, access to world fatality, injury, and and lower noise

age, disability markets, in order crash rates across pollution;

statusand to improve global all modes of 1 Preserve

geographical trade; transport; ecosystems and

location; 1 Regional 1 Improve security deal with climate
9 Expand access to integration; for pedestrians, disasters;

jobs and careers | q Efficientuse of bicyclists, and {1 Reduce health

opportunities; resource$ energy, children; costs relatetb air
1 Encourage access technology, space| 1 Reduction of and noise

to markets and institutions and transport social pollution.

basic services regulations; costs in health and

health and 9 Smooth border forgone

education; crossing; productivity.

Source: adapted froiBuM4all (2017)
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3.2. SUPRANATIONAL LEVEL (EUROPEAN UNION

As we have seenthe European Union (EU) chases sustainable development and was the
driving force behindhe Paris Agreement on climate action and the Sustainable Development
Agenda for 2030. The EU is at the forefronttud global transition towards a leearbon and
circular economyEC, 2017h.

Indeed, B30 Climate and Energy legislative frameworkresents@aEU-level policy NDC
under the Paris Agreement, which define the targets and objectives for the period 203021
embracing a reduction of at least 40% of GHG emissions (compared to 1990 levels), 32% of
theenergy generated from renewablerses and an energgfficient improvement of 32,5%.
This was presented in the European Commi ssi
for Al | o n EloHadiselongenmy devalopment strategy to be submitted by each
European country by 20Z&NC2050, 2019

Nowadays,mobility represents the largest economict@em the world. In the EUthe
transportation and storage sector account for more than 11 million people, represent more than
5 percent of tot al empl oyment , 20 peand ent
approximately 5 per cent of EU GOIBEC, 2017

To deal with transport challengdgbe EU created a Roadmap called EU White Paper on
Transport in 2011, representing an important initiativeréate a competitive transport system,
increasing mobility and deal with fuel growth and employment, as wedidagtion of energy

dependency of Europe and ¢u) emissiondEC, 201).

Additionally, transport activity in Europe is expected to remain growi@ (2017a)
suppose a growth of 42 percent of passenger transport and a growth of 60 percent of freight
transport from 2010 to 2050. Particularly, road transport is the main transport used in the EU,

domain citizens personal transportatiand half of the total freight tresport activity.

Though, it should be clear that EU citizens spend an average of almost 10 hours commuting
per week, traveling an average of 3Kk (kilometers)per day, and expend 13 percent of their
total consumption on transpeadlated itemgEC, 2017a After all, EU citizers face a daily
experience of traffic jams in the major urban areas. Consequitr@lguropean Commission
made communication in 2013 to point the nEedirban sustainable mobilitginforcement in

themain capitals, indicating a direction and targ&e€, 2013b.
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At the same time, road transport is also the main contributor to air pollution, which means
a severe threat to public healEC, 2017a The ransport sector remains the largest contributor
to NOx emissionsFollowing what ha been happeng in the world, in 2016, road transport
was the main GHG emitter theEU. Despitehe EU has been facing GHG emission reduction,
this reduction was not significant in comparison to 1990 levels. In f&tG Emissions were
25% higher in 2016 than 1990 levéiEERBACH, 2019.

Similarly, road transport was accountable for 78% of EU oil consumption in 2015. Again,
the energy consumption was 23% higher than in JTBE®RBACH, 2019. Passengers cars and
vans, called commowlby light commercial vehicles, were responsible for around 12% and
2.5% respectively of total EG 0 emissiongdEC, 2019h. In 2015, cars and vans accounted
for 73% of road transport GHG emissiqiisC, 20179l

With these main problemshe EU built-in 2016 a European Strategy for kamission
mobility, acknowledging the importance to designraproved and efficient transpesystem
through digital technologies, smart road charging and multimodality-eloigsion energy
powertraindEC, 2016.

One year later, European Commission launched the Clean Mobility Package with the
purpose to drive innovation, improve competitiveness, re@dudeemissions, impro¥ air
quality and public health and incredbke safety of transport, putting Europe on the Mova in
socially fair transition towards clean, competitive and connected mobility fo(E&l]
2017¢EC, 2018EC, 2017

Thus, EVs are seamsan opportunity and are aligned with the main targets defingdeby
EU, since they are air pollutant emissioeet r ansport, essential to
climate objectives for 2030 and 208EC, 20179l

Therefore, decarbonization, the use ofdemission technologies, like electpowertrains
for vehicles and expansion of cooperative, connectet automated mobility are seen at the

same time as chances and main challenges.

Electric mobility is growing at a rapid pace. In 2018, the global electric car stock reached
5.1 million, representing a growth of 2 million sain only one year. Not to mention, the
evolution of new electric car sales, which almost double its absolute value in solely one year
(OECD/IEA, 20193
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In 2018, Europe had 24% (1.2 million) of the global stock of electr&; capresenting the
secondargest electric car market. By far, Norway was the global leestpardingstock share
and market shafend Europe hosts the other countries whithlargest penetration of electric
car sales (Iceland and Sweden). In eaiivolume sales, Norway was followed by Germany,
the United Kingdom and Franc OECD/IEA, 2019a In addition, Europe remained a strong
market for PHEV sales, dominated by Finland, Swededthe United Kingdom.

Please note that the European Union's relative success in promoting EVs is also associated
with the definition of regulations, direess, targetsand industrial policies that should be

transposed into national legislation within defined deadlines.
Normally, the EU directives process creation happen as f¢ERBACH, 2019:

i) European Commission proposes a new or a revised Directive;

i) The proposal needs to be referred to tF
of a report format.

iii) The Committee adopts the report;

iv) The report should be voted by European Parliament in a plenary session;

V) A trialogue agreement has to be reactied should be approved in plenary.

This is the case of the following directives and regulations fordowssion vehicles
promotion Availability of consumer information on fuel economy add) emissions in
respect of the marketing of new passenger Daective Directive 1999/94/EC); Emissions
performance standards for new passengers cars (Regulation (EC) 2009/443); and Clean Vehicle
Directive (Directive 2009/33/EC).

Meanwhile, national policies continue to have a key role. In fact, the leadingiesustich
asChina and Norway, implement a variety of policy instruments to help to bridge the cost gap
between electric and conventional vehicles and promotiee evolution of charging
infrastructur OECD/IEA, 20194

Currently, the economic incentives are accompanied by other policy instruments that

intensify the value proposition of EVs (access to bus lanes, lower tolls and parking fees)

1 We adoptedOECD/IEA 2019a. Global EV Outlook 208€alingup the transition to electric mobility. Paris,
Francedefinition: Share of electric castock as a percentage of total passenger lidhty car stock.

2 We adoptedOECD/IEA 2019definition: Share of new electric car registrations as a percentagaei
passenger lightluty car registrations.
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(OECDI/IEA, 20193 The EU has been trying to follotive Paris Agreement, as the world has
committed to mowg towards a lowcarbon economy, while the automotive industry is
undergoing profound transformati@BC, 20179. The EU was taking unprecedented action in

order to become a global leader in the run for clean veHE@Es2017¢.

Recently, policy support #thesupranational level has been focused in address the strategic
importance of the battery technology value chain arsdwyastemanagement and environment
requirement$OECD/IEA, 2019 In an effort to better deal witdtarce resourcégC, 2017
After all, battery enbf-life management is crucial to reduce the dependency of critical raw
materials and to constraint risks of shorta@@sSCD/IEA, 2019

To illustrate the importance of EU industrial policy and the urgency for updating it, the
European Commission held a communication cdledewed EU Industrial Policy Strateigy
2017 to reiforce the main direction and to make Européadustry stronger and more
competitive(EC, 2017.

At the same time, vehicle manufactures are announcing ambitious intentions to electrify the
car market, which imgsa new and bigger demafat new materials in the automotive sector,
announcing challengesihetraceability and ansparency adheraw material supply chain and
on secondife applications of automotive batteries. It seems like original equipment
manufacturers (OEMs) are responding proactively to policy signs and technology
improvements(OECD/IEA, 2019a This represents a trend in the leading countries in electric
mobility, which have a large automotivedustry, are stimulating EV innovation and battery
research and development (R&D), through strong industrial policies. This explaindtiavhy
European Battery Alliance was created in 2017, in ordestablish a complete vahatain for

battery developmérand manufacturing in the EU.

Please note th#teautomotive sector has particular importancteEU, creating jobs for
more than 12 million people in manufacturing, sales, maintepandetransport. As already
stated, this sector is facing a fundamental transition globally, related to digitalization and
automation, as well as electrified powertrains and connected vehicles. However, the EU car
market share has declined in the last dedemim around a third to 20%, reveling extra industrial

importance to reach other markets with an advance(&€ht20179l.

The automobile industry i gsoamommvghicleshardiswo r |

the largest private investor in R&D, representing its global technological leadership.
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As we have seen, electric mobility represents an opportunity to ensuréh¢hBt)
automotive industry maintains its technological leadg@rshompetitiveness and stimulate
employmentsince EU industry has been able to reverse the deterioration in the EU industry
export market shares and in the shareshefindustry of total value adde(EC, 2017h.
ThereforetheEU needs to unceasjly adapt and innovate by facilizing investment in the new
technologies and embracing changes brought on by digitalizétminansition to lowcarbon

and more circular economy.

However, this structural change can also be disruptive, which may nredesagn of its
value chain, investment prioritieand technological choices with consequences for its global
competitive position. In other words, this transformatiancreate new jobs, but can aldo
others obsolete. It needs new skills, good workioigditions, investmenand more important
- adaptation(EC, 2017a

In accordance witkC (2017b) E u r oipdesirysmust geact to this challenge, get ready
and hurry the transition to electric cars and other low emission technologies. If Europe grabs
this opportunity, this will create sustainable jobs and better livelihoods for its regions and
communities. Altbugh would need different actors in the value chain, from raw materials

providers, suppliers and vehicle manufacture, to dealers and aftermarket.

On the other hand, charging infrastructure has been developed by key power sector market
players, such as lities, major energy companies traditionally focused on oil, charging point
operators and charging hardware manufactu(@ECD/IEA, 2019% As a matter of fact,
charging infrastructure includes charging at home, at work, publicly accessible chargers and

fast chargers concentrated on highways.

For this reasorthe EU launched the Alternative Hsenfrastructure Directive (Directive
2014/94/EUV) setting deployment targets for publicly accessible chargers in 202028025
203Q and to create requirements for appropriate minimum infrastructuttee@mompatibility
of fuels and vehiclegeP, 2014. Additionally, the European Energy Performance of Building
Directive (Directive2012/31/EU) was also implemented, in order to establish minimum
requirements in new gefurbishedbuildings and parking lots, incentivizing the installation of

charging points.

However, the glodanumber of publicly accessible chargers per electric car has diminished
from 0.14 in 2017 to 0,11 at end of 2018, the ratio is still superior than 1 charger per 10 electric
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cars, which isecommendedy the Alternative Fuels Infrastructure Directiv®n he contrary,
Norway has a ratio of 1 charger per 20 electric cars, indicating that Edutdl not automatic
and varies on country geography, population density, access to workplace charging

infrastructure, commute distance per workdayd vehicle rang

Regarding the power sector, in 2019, the Clean Energy for all Europeans Package
represented an EU updatetioéenergy policy framework, which ease the transition away from
fossil fuels towards cleaner energy and to achibesParis Agreement for reding GHG
emissiongdEC, 2019a Indeed, this is aligned witihe EU aim to be climat@eutral by 2050
with an economy with netero greenhouse gas emissions, called European Green Deal.

In Europe, incentives supporting EV penetration andoyempent of charging infrastructure
are usual. As a consequence, many European countries have regulatory policy instruments
active, while in some advanced markdites Norway, are starting phasing out phase of their
EV support policie$OECD/IEA, 2019

Alternatively, some European frontrunners countries in electric mobility are facing a
transtion on policy approaches, switching from a purchase incentive paradigm-temesion
vehicle mandates and/or regulatory requirements associated with fuel economy and pollutant
and GHG emission®ECD/IEA, 2019a

An overview of the main EU policies to support EV penetration is presenieable 3-2.

andTable 3-3in greater detalil.

As seen inTable 3-2 and 3-3, the European Union and European Economic Area have
several initiatives, regarding the promotion of electric vehicles, the development of charging

infrastructureand energy.

These regulations, targets, industrial policé®l incentives provide general guidelines that
put pressure on countries at the national level, as some of these measures must be transposec

into national legislation in a given deadline.

Therefore, this vertical governance level is essential to cre&er@ean pathway in

promoting EVs. In the next section, we vdtban EV adoption overview in Europe.
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Table3-2 - Overview of EV support policies in the European Union

MAIN EUROPEAN EV
POLICIES

EUROPEAN UNION

Vehicles Regulation

A Availability of consumer information on fuel econor
ando U emissions in respect of the marketing of n
passenger ca(®irective 1999/94/EC)

A Emissions performance standards for new passe
cars(Regulation 2009/443/EC)

A Clean Vehicle Directivé¢Directive 2009/33/EC)

Incentives

Economic incentives schemes for zero and-&mission
for PLDVs atthenational level i26 EU Member Stateg

Targets

A EU White Paper on Transport (2011)

A Urban Mobility Packag¢2013)

A European Strategy for le@mission mobility (2016)
A Clean Mobility Package (2017)

A Europe on the Move (2017)

Charging Regulation

Infrastructure

Energy Performance Buildings Directi(irective
2012/31/EV)

Industrial
Policy

A Renewed EU Industri&olicy Strategy (2017)
A Battery Initiative Alliance (2017)

Incentives

Economic incentives schemes for supjpaythe charging
infrastructure deployment (nationally)

Targets

Alternative Fuels Infrastructure DirectiveDifective
2014/94/EV)

Energy Regulation

A Regulation on the Governance of the Energy Union
Climate Action(2018/1999/EU)

A Renewable Energy Directive (Directive
2018/2001/EUV)

A Energy Efficient DirectivéDirective 2018/844/EU)

A Electricity Market Design: new electricity directi
(2019R844/EU)and regulatiorf2019/943/EU)

Targets

A Clean Power for Transport: a European Alterna

Fuels strategy (2013)
A Clean Energy for all Europeans Package (2019)

Source: adapted DECD/IEA, 2019a



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE

Table3-3 - EV support policies in the European Union with greater detail.

54

NAME

YEAR
/LAW

OBJECTIVES

MEASURES

Regulation

REFERENCES

VEHICLES

Availability of consumer
information on fuel economy
and g F emissions in respect

of the marketing of new

passenger cars

Directive
1999/94/EC,
Amend by
2003/73/EC,

Support an informed choice when a
EU consumer is buying or leasing 4
new passenger car, based on fug
economy andg | emissions

Obligates Member States to provide information related
fuel-efficiency of new passenger car, associated with
consumption and 0 emissions

(Magu
2018;

eta et al
(EP, 2008

EC, 2013%;

Regulation (EC)

Mandatory g [ emissions targets for
new cars (2009), applying from 2025 tq
2030. => Benefits: 23% reduction of

Ensures a steady market demand.
Differs from light-duty vehicles§ 0 and
air-pollutant emissions) from headuty
vehicles (alternative fuels).

2009/443 GHG emissions from road transport in | SUPPLY-SIDE MEASURE
Emissions performance (cars) 2030 (compared to 2005). 15% reduction of GHG emissions from 2025 on and 37.59 (EC, 2019b EP,
standards for new reduction from 2030 mwards. 2019 EC, 20179
passengers cars Replaced It has a mechanism to promote zero q It takes into account the full lifeycle® 0 emissions of cars
by low-emission vehicles (ZLEVi 6 0
2019/631 emissions between -80g/km) in a
technologyneutral way.
Public procurement instrument to
Directive promote clean and energyefficient
2009/33/EC road transport vehicles, ensuring a
Clean Vehicle Directive steady demand. DEMAND -SIDE MEASURE
Amend by It applies to vehicles purchased | Stimulation of clean, energyefficient vehicles market and| (ERBACH, 2019
201941161 contracting authorities/entities and pub| reduction of |= emissions EC, 2009 EC,
transport operators. 20199
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Targets
Adopted by EC with 40 concret European Strategy: Roadmap to a Single Europe
initiatives for the next decade to creat{ Transport Areai Towards a competitive and resouwc
competitive transport system, increasi efficient transport system
EU White Paper on Roadmap mobility and deal with fuel growth an (EC, 201)
Transport employment, as well as reduction
2011 energy dependency of Europe and
0 0 emissions.
Support local authorities in the economic, environmeatad
social challenges with urban mobility patterns on rele
Communication Reinforce urban sustainable mobility i| issues, such as:
Urban Mobility Package 2013 the major EU cities. i) Urban logistcs; (EC, 2013b
i) Urban Access regulations;
iif) Road safety.
Improve transporsystemefficiency by
Communication | digital technologies, smart road chargi
and multimodality, lowemission energy
(electricity and advanced biofuels) fi GHG emissions by 2050 fromansport will be at least 609
European Strategy for low 2016 transport. lower than in 1990.
emission mobility Allows Europe to respond to th (EC, 20196
increasing mobility of people and good
Includes:
Drive innovation; improve i. Emissions performance standards for new passenge
competitiveness, redua 0 emissions, cars Regulation;
Proposals improve air quality and public healtéind | ii. Clean Vehicle Directive;
Clean Mobility Package 2017 increasgoadsafety ii. Alternative Fuels Infrastructure Directive; (EC, 2017¢

iv. Combined Transport Directive;
v. Regulation on Passenger Coach Services;
vi. Battery Initiative
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Wide-range set of initiative to make
Europe on the Move traffic safer, promote smart ro3
charging; reduced 0 emissions, aif

An Agenda for socially fair Communication | pollution, and congestion; cut redpe| A smooth transition towards a mobility system that is s{ (EC, 2018 EC,

transition towards clean, for businesses, combat illic| clean, connected and automated. 20173
competitive and connected 2017 employment and ensure prop
mobility for all conditions and rest timdsr workers.
Public-Private Partnership
Deliver green vehicles and mobilif Contractual Publi®rivate Partnership

European Green Cars Public-Private system solutions through promotion a

Initiative (EGVI) Partnership facilitation of precompetitive research o (EGVI, 2020

2013

road transport vehicge within the

European Research Area.

CHARGING INFRASTRUCTURE

Regulation

European Energy
Performance of Building
Directive

Directive
2012/31/EU

Amend by
2018/844/EU

Minimum requirementgor EVs in new
or refurbishedbuildings and parking lots

For new or renovated nenesidential buildings:

- Mandates at least offgth of parking space to be
equipped with conduits, allowing the installation ¢
chargers.

- ifthe parking spacbhasmore than 10 parking
places, it needs a charging point available.

For new or renovated residential buildings:
- if the parking space have more than 10 parking
places, all the parking places should be preparec
with conduits for future chargers.

(EC, 20194 EP,
201Q EP, 2018
OECDI/IEA,
20193
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Industrial Policy
Makethe European industry stronger af Reinforce the maidirection and priorities of a comprehensi
Communication | more competitive to stay or become t and holistic strategy for industrial policy strate
Renewed EU Industrial 2017 world leader in innovation, digitalizationn competitiveness, which includes EU policies, regulatar (EC, 2017b
Policy Strategy and decarbonization. financial programs.
Strategic EUb s i| A platform for gathering countries, stakeholders, bank{ (OECD/IEA,
policy to ensure that mobility solutior] work together to creaiebattery ecosystem in UE. 20193
European Battery Alliance | Industrial Policy for tomorrow and their components w| Create a battery industry in Europe, since it represents o
2017 be invented and produced in the EU | the nine strategic value chains for the competitiveness o
Establish a complete valuehain for| industry and to dueve decarbonization target.
battery development and manufacturi
in the EU.
Targets
TransEuropean Deployment d Set deployment targets for publicly accessible charger (EP, 2013
Alternative Fuels Directive alternative fuels infrastructure. Provisi¢ 2020, 2025 and 2030, as their national policy framework
Infrastructure Directive 2014/94/EU of common standards on the interr

market.

Creation of requirements for appropria
minimum  infrastructure  on the
compatibility of fues and vehicles
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ENERGY

58

Strategy (2015). Brings benefits from
consumer, environmentand economig
perspective.

scenario

iv. Regulation on the Governance of the Energy Ur
and Climate Action (2018/1999/EU) each Member Stat
have to establish an integrated-yiar national energy an
climate plan (longr-term view-2050).

V. Electricity Market Design: new electricity directiy
(2019/944/EU) and regulation (2019/943/EU), r
preparedness regulation (2019/941/EU) and regulg
promoting a stronger role for the Agency for the Coopera
of Energy Regulats (ACER) (2019/942/EU).

Targets
Clean Power for Transport: Communication | Broadespossible use of alternative fug Transformation of Europe energy supply for transport, bz
a European Alternative for transport and to promote sustainal on alternative fuels to break the dependence from oil (EC, 2013a
Fuels strategy 2013 electric mobility. improve security, as wedisstrengthen theompetitivenessf
theindustry and reduce GHG emissions.
i. Energy Performance in Buildings (EU 2018/8¢
emending 2010/31/EUi are the single largest ener
consumer irthe EV);
ii. Renewable Energy Directive (2018/2001/EU)he
Proposals Agreement orthis new energy rulebookt ar get of 32% for RES in {
Clean Energy for all It is a key step towards th iii. Energy efficient Directive (2018/848U) i the
Europeans Package 2019 implementation of the Energy Unig target of 32.5% by 2030, compgalto business as usu (EC, 2019
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FREIGHT TRANSPORT AND PUBLIC TRANSPORT

Directive Promotion ofa combination of differenf Aims to increase the combined transport competitivel (EC, 2020
92/106/EEC modes of freight transport for th (defined as intermodal transport with a strictly limited r¢
Combined Transport transport of goods: trucksr trains,| leg).
Directive Amend by barges or ships. Offers financial support to multimodal/intermodal transpo
2006/103/EC
2013/22/EU

Stimulation of creation of bus connecti¢ Sets a series of minimum rights for passengers who trav
Regulation (EU) n° | over long distances |Rurope and offel bus and coach in the European Union:

2006/2004 alternative options to the use of privg i. Non-discriminatory transport conditions.
Regulation onthe rights of cars. ii. Access to transport for disabled persons and persgibims
passengers in bus and coack reduced mobility, (EP, 201}
transport Amend by iii. Minimum Rules on information to all passengers bef
Regulation (EU) n° and during their travel, as well as general informat
181/2011 about their rights.

iv. Obligation to set a mechanism for handling clai
available to all passengers.

Source: adapted frofOECD/IEA, 2019
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3.3. CURRENT SITUATON OF EV PROMOTIONN EUROPE

To understand the adoption of electric cars in Europe, it was decided to carry out a

panoramic analysis of the different European countries.

With this in mind, in the first part we relate the data of each European country, regarding
their electric registeredar stock (i), electric vehicle market share (ii), the importance of the
automobile industry in GDP (iii), centralization government level (iv), Power sector (v),
charging infrastructure (vi), urban population and commute per workday (vii), as well as
Population, Pollution and traffic congestion (viiilp Table 3-4, wedo a summarization of the
EV adoption panorama in Europe, based on ruuiteria referred previously and developed in
greater detail il\ppendix A.

As you can see, the stock of electrars is residual in Europe, representing in the majority
less than 0.75% of the fleet. However, when observing EVs share in the new car registrations,
we realize that there is a shtetm trend to promote electric mobility with some countries

having a perentage between%%.

There appears to be a correlation between countries with a large presence of the auto
industry in GDP and those that are lagging behind in EV penetrétawever, some of these
countries have a medium market share. On the other tmenchuntries where the auto industry
is residual in GDP are those with the highest EV shares. Note that this analysis is limited by the

lack of data and the source of the data obtained in this variable.

In addition, most European country governmentsangralized at the national level, giving

little power at the local level.

Concerning energy dependence and the penetratiBerdwable Energy SourcRES),
we realize that most European countries have a dependence greater than 25% and less than 20%
of RES in the electricity mix. However, countries that are ahead in electric mobility have levels
below 25% and 30% respectively.

It is also worth noting that the countries with the most electric cars are those with a higher

ratio than that stipulated by thé&JEof 1 charging point for every 10 electric cars.

Additionally, most countries are dependent on private modes of transport for their daily
commute, making the most populous countries the ones with the highest levels of GHG

emissions.
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Table3-4 - Overview of EV adoption in Europe

Source: Own elaboration

2015/2017 2019 2018 2017 2017 | 2018 2018 2020 2017
STOCK - MARKET SHARE - | AUTOMOBILE CHARGING MODES OF TRANSPORT
PASSENGERS PASSENGERS INDUSTRY TAX REVEDAIES POMER SECTOR INFRASTRUTURE USE ON COMPUTE EHG EMESIONS
Total EVs % of Energy % RES in gross Greenhouse gas
# Countries registered E\i‘s:‘:::rkﬂ :Imm:i: I:::::'IIT Dependecy Rate fimal energy C:::;iT::ILt Main mode of tranposrt | emissions by country (in
PAsSENger cars (%) - 2007 consumption thousand tonnes)
1 Austria Low Medium MR - Medium High Public Medium
2 Belghum High Medium Low - High Lowi Private Medium
3 Bulgaria Low Lowi hedium - hedium Medium Private Medium
4 Croatia Low Lowi NfA - Medium Medium Private Low
5 Cyprus Low Lowi MfA - High Lowi fes Private Low
[ Crech Republic Low Lowi fedium - hdedium Lowi Public Medium
7 Denmark hedium Medium Low fas Low High Mon-Motorized Medium
8 Estonia Low Low MR - Low High Public Low
a9 Finland Low Medium MR Yes Medium High Yes Public Medium
10 France Low Medium HfA - Medium Low Public High
11 G 1y Low Medium High fias hdedium Lowi Mon-Motorized High
12 Greace Low Low MR - High Low Yeg Private Medium
13 Hungary Low Low High - Medium Low - Public Medium
14 Iceland High High MfA fias Low High Yes Private Low
15 Ireland Low Medium HNIA - High Low - Private Medium
16 Italy Low Low High - High Low Private High
17 Latwia Low Lowi MNfA - hedium High Private Lowi
18 Lithuani Low Low MR - High Medium Private Low
19 Luxembourg High Medium MR - High Low Private Low
20 Malta Low N/A NIA - High Low Non-Motorized Low
21 Netherlands High High Low - Medium Low - Non-Motorized High
22 Morway High High MR - Low High Yeg Private Medium
23 Poland Low Low Medium - Medium Low Public High
24 Portugal Low Medium Medium - High High Private Medium
25 R i Low Low High - Low Medium Private Medium
26 Slovakia Low Lowi High - hedium Lowi Fublic Lows
7 Slovenia Low Lowi HNfA - hedium Medium Private Lowi
28 Spain Low Low High Yas High Low - Private High
29 Sweden High High MfA fias hdedium High fes Public Medium
30 Switzerland Medium N/A MNiA Yas HfA N/A Public Medium
31 Turkey Low MSA MR - High Low Private High
31 United Kingdam hedium M/ hedium - hedium Lowi - Private High
32 Liechtenstein Low M/A MR - A M/A A Private Low
High = 1% High = 9% High = 9% Low = 25% High = 30% Low < 50 000
Medium 0,75%-1% Medium 2%-9%  Medium 4%-9% Medium 25% - 65% Medium 20%:-30% Medium 50 000 - 200 000
Low < 0,75% Low < 2% Lo = 4% High = 65% Lo = 205 High = 200 000
[ OECD([2017) | Eurostat (2017) | Eurostat (2018) | EAFO (2019) | Numbeo (2018) [ OECD (2017) |

61
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As we cannot carry out a detailed analysis of electromobility in Europe Eusdpean
countries, we decided to divide the countries into three clusters of European countries, as

evidenced previously.

In Appendix B, systematization of the European scenario is carried out in the adoption of
EVs, taking into account the importanceloé automobile industry in GDP (high, meditand
low share). There also appearsctrelatewith EV share and market penetration and the
importance of the auto industry in national GDP. Subsequently, a map of EEige 3-7)
shows the division of cauiries into three different clustetsased on the findings #fppendix
B. The color red is used for countries wihigh share of Automobile Industry in GDP, color
yellow for medium share, color green for low share and color grey for the countrieswenere
did not find data.

Figure 3-7 - Three different European countries clusters.

” o
.
Cluster of European countries
[ High share of Automobile
Industry in GDP @z

| Medium share of Automobile
Industry in GDP

| Low share of Automobile o)
Industry in GDP g -
| Data not available w

== m Representative Countries

RUS

R DENMARKE
2 3 8 5 :
IRELAND g GDOM : v BELARUS
' NETHERLANDS
/o

UKRAINE

%.

Source: Own elaboration
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As we have seen on the map, the European countrieawigh share othe Automobile
Industry in GDP arésermany, Romania, Slovakia, Italy, Spaamd Hungary. France and

Sweden were included in this cluster, despite the lack of data.

These countries are characterized by a strong traditional automobile irehstye those
that are still lagging behind in electric mobility in EV share and most cases, also in EV market
share. They are mostly countries with low penetration of renewable sources and with high
energy dependence. All of these countries comply vh#n EuropeanAlternative Fuels
Infrastructure Directiveof 10 electric vehicles per charge point. This cluster has populous
countries and their population is concentrated in urban areas, using mainly private transport for

their daily commuting. In additionhey are more polluted and more traffic congested.

Secondly, the European countries vatmedium share ahe Automobile Industry in GDP
arethe Czech Republic, Bulgaria, Polartie United Kingdom and Portugal. These countries
are characterized by an average automotive industry with an EV share of less than 1%, but with
a market share of more than 2% in some countries. In addition, they are countries that also
comply with the EuropeaAlternative Ruels Infrastructure Directive and some of them use

private transportation for the daily commute, having an intermediate level of pollution.

Finally, the European countries wighlow share ofthe Automobile Industry in GDP are
Norway, Iceland, Denmarlginland, Netherlandsand Belgium. This cluster is illustrated by
countries with no tradition in the auto industry, which consequently are also the leaders in
electric mobility in Europe (EV share and market share). It consists of the Nordic countries and
the Netherlands. These are the countries with the lowest energy dependence and the highest
penetration of renewable sources. However, they do not yet have a charging infrastructure

deployment so far.

Please note that we did not find data for Ireland, Snldind, Austria, Liechtenstein,

Slovenia, Croatia, Estonia, Lithuanjamnd Latvia.

From this division into three clusters with similar characteristics, we had to choose a
representative country for each cluster (highlighted by a black dotted circtenmafin Figure
3-7). Each representative country will allow an analysis of the economic ardcooomic
incentives given at national and local levels on Acquisition, Use of the Vehicle, Company
ownership and infrastructure categories and their impactthe EVs diffusion results in the

next chapter.
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Theselectiorwasmade adopting as main criterium the different shargisedhutomobile
Industry in GDP:

i. Spaini for thehigh share of Automobile Industry in GDP;
ii. Portugal for themedium share of Automdb Industry in GDP;

iii. Norway- for thelow share of Automobile Industry in GDP.

As previously emphasized ithe Methodology section, the selection of representative

countries was based on data availability.

ConsequentlySpain is characterized lahigh cnventional automotive industry and by a
high intensity of mobility (in relation to GDP), even higher than Germany, Fréregnited
Kingdom, and Italy(Gago, 201). On top of that, the car manufactures have their deeision
making headquarters outside Spain, helping a possible EV boost in this country compared to

other European car producers, such Germany, France an@glgino and Yfigez, 2018

On the other hand, Portugal has been referred to as a country that has invested in electric
mobility recently and hasnaEV market share above 5 percent. In addition, it had a certain
dependency on th&olkswagenAutoeuropa factory, with tkiindustry representing 4% of
GDP.BesidesPortugal was at the top of the raking for the lowestemissions, regarding the
other European Member Sta{®@sagueta et al., 2038

Finally, Norway was is the global forerunner in electric mobility, the EV growth has been
formidable in last years and does not have a traditional automotive industry installed. The
apparent success of its policy support in increasing the EV dadésdNorwayan interesting
case to learn from, especially for countrideat aim to move into the same pathway.
Additionally, the incentive variety used in Norway allows the discernment of the strategies
which are more likely to be successful in the EV b@dBgtrkan et al., 2016

Indeed, the Norwegian EV policy was successful in reducing the overall GHG emissions,
however this camot easilybe convertible to other countries, sinekectricity in Norway is
generated mostly from renewable energy especially in form of hydropametis one of the

cheapest in Europ®euten et al., 20320
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3.4.CHAPTER GONCLUSIONS

The transport sector affectgealth, environmenand quality of life and it can be meet with
special attention on climate change, improving massively the efficiency and move from oil to
electricity and other lovecarbon fuels, since this sector represent the largest or the second

largest energyconsuming sector.

Consequently, its transformation is particularly problematic, concerninghinainsport
sector has a significant contribution to national GDP, employment, national and local revenues.
Besides GHG emissions, noisend loch air pollution, road transport is also responsible

actually for dependence on foreign energy sources, compromising energy security.

Currently, private car transport accounts for thgearters of all passenger mobility,
representing the largest modal sharof t he wor | d 6 Sherpfares caetraffice r  t

has increased strongly, while cycling and public transport have faced timid growth.

EVs are perceived as best suited to reduce emissions frondlightehicles. Althougkhe
acceleration ob0 emissions reduction will only be possible witie progress made ithe
decarbonization ahe power sectorfor this reason, EVs are fundamental for the transition to

a cleaner energy system andacilitate the availability of energy storage.

In brief, Paris Agreement on Climate Change and Sustainable Development Goals are the
main forces behind the international level, pressuring the Supranational (European Union for
the Member States and European Economic Area for-Member States) and national

governance levels to act, fostering the electric mobility.

Nowadays, the European Union is at the forefrorthefglobal transition towards a low
carbon In 2018, Europerepresented the secectatgest electric car markealthough most
countries have a percentage of stock of electric vehicles in theipassénger lighduty car
less than one percent

This leadershipmay be explained bthe definition of regulations, directives, targeésd
industrial policies that shuld be transposed into national legislation within defined deadlines
by the European Union and some of themthg European Economic Area. The main areas of

intervention to boost electromobility are the vehicles, the charging infrastruatarenergy.

Please note thahe automotive sector has particular importancehi@ EU. Indeed, this

sectoris one of the most powerful forces in Europe and this can be seen by the weight that this
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industry has in the GDP, the gross added valod the share of tdtamployment. Therefore,

EV penetration embodies a large challenge to this conventional sector, requiring a redesign of
its value chain, investment prioritieand technological choices. In fadt,seems that the
countries with a strong automobile sedtadition are not the leaders in electric mobility Apart
from that, it appears that where the automobile industry is not relevant, the EVs share and EV

market share are higher.

ConsequentlyEuropean countries were divided into three different clustersd@iog to
the importance of the automobile industry in GDP (high, medium, low) and three representative
countries from each cluster were selected in order to carry out an analysis in the next chapter
of the initiatives carried out at national and localgymance level The selected countries were

Spain, Portugablnd Norway.

In conclusion, this chapter demonstrates the pressure exerted at the international level at the
supranational level and the main initiatives adopted in the European Union that kaould
transposed to the national legislature in a given deadline. We also demonstrate the dispersion

of EVs adoption in Europe
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CHAPTER 4 - NATIONAL LEVEL 1 NORWAY, PORTUGAL , AND SPAIN CASES

There are deep changes underway in road transport andhitity, more tha what ha
changed in the last century. The next decade may be marked by the shift to electromobility and
possibly combined with a reduction in car ownership, an increase of vehicle shadnipe

introduction of autonomous cafBransport&Environment, 2019

As we have seen iBhapter 3, public policies are still relevant in the electric mobility boost,
considering that EV penetration is residual across most European countries and has a range of
barriers associated with their actual cost, technological conservatism, unproven wchholo
performance, unfamiliarityand lack of knowledgéBjerkan et al., 201,6Elbil, 2020 UVE,
2020h.

Indeed, the international governance level is putting strong pressure on the European Union
to adopt measures to promaigstainable mobility. In turn, the supranational and international

levels are forcing the national and consequently local level to adopt EV support policies.

Unquestionably, national and local public policies helpedue the cost gap between
electric ad conventional vehicles and support the deployment of charging infrastructure.
Historically, the economic incentiveis namely financial and fiscal incentives related to
government revenue and taxdsave been fundamental for the introduction of altevedtiel
vehicles (Bjerkan et al., 2016IRENA, 2019. Nowadays, the key challenge is with the
definition of the battery technology value ch@@ECD/IEA, 2019aUVE, 20204

In conformity toOECD/IEA (2019a)the implementation of public policies at naaband
local level start withthe definition of the main objectives and with the initial step of
procurement programs adoptidrhis will allow thecreation of steady demand and encourages
the traditional car manufacturer to increase the availability of EV on the market, providing a

stimulus for a kickstart of publicly accessible charging infrastructure.

Yet, at the same time, some countries hakert a further step and announced bans on the
sales of ICE cars or sales objectives for 100%-eemnissions vehicle (ZEV) to achieve a zero

emission car fleet.

As previouslyaccentuatedh the Methodology sectiofi subchapter 1.2 this research is
focusa on three countries: Norway, Portugahd SpainAgain, Norway is the country more

target ambitious, aiming to have only ZEV sales in the Htlty vehicles and public bus



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE 68

segments by 2025. On the other hand, Portugal and Spailaanengto have 1009%ZEV sales
target by 204@Table 4-1) (OECD/IEA (2019a)

It should be highligtedthat these national initiatives are combined with a local governance
level encouragement since several municipal administrations have already restricted and/or
prohibited access to certain areas for ICE vehicles, atldwe or discount parking for B/

and access to bus lanes.

Table4-1i Key policy objectives of Norway, Portugahd Spain

Country Key policy objectives Year
Norway 100% EV sales in PLDVs by 2016
2025
Portugal 100 % ZEV sales in PLDVs 2019
by 2040
Spain 100 % ZEV sales in PLDVs 2019
by 2040

Source: elaboration based ¢@ECD/IEA,20193

Please note that these Norwegian, Portuguasd Spanish key policy objectives are
planned to be achieved by the implementation of the polpags principle and not via
commanedandcontrol regulation, like sales ban for traditional vehi¢esuten et al., 2030

Thus, EV penetration will be accomplished with a strengiigreen tax systerklbil, 2020.

As already stated, the EV penetration in Europe requires strong political efforts at different
vertical governance levels. Finstance, athe Supranational level, the bet is made by the
emissions penalties for car manufactures, for information on the GHG emission of each vehicle
at the time of purchasand the reinforcement of the ZEV purchase by the State and its
strengtheng at the national level by economic and nesonomic incentives for consumers
(Deuten et al., 2090 Please note that other renonomic policy instruments are used to
increase the value proposition of EVs, regardinglla@ and noise pollution benefits of these

vehicles, mostly by local governance level.

This chapter begins with a brief conceptualization of the EV support policies adofted at
national and local level and a description of the main economicmanéconomic policy

instrumentsin subchapter 4.1.
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Afterward, a brief systematization of the economic and-emmnomic incentives adopted
at the national and local levelby Norwayin subchapter 4.1., Portugal in subchapterl4®.

and Spain in subchagt41.3 for the promotion of electric passenger cars is carried out.

At last, in subchapter 2., this chapter ends with a comparative analysis of the policy
instruments implemented dhe national levelbetweenthe three different representative

European countrig® promote electric mobility.
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4.1. NATIONAL EV SURPORT INCENTIVES

The current framework of vehicle and fuel taxatisnot prepared for the individual road
transport revolution, since are driving &n unsustainable transport system characterized by
personally owned cars powered by engines with high negative externalities on society. Thus, a
vehicle tax reform should be implementedrenational level in order to achieve the climate

objectives dehed onthe Paris Agreemer(fTrangort&Environment, 201p

It is important to highlight that environmental and energy secusgyesmentioned
previously have guided national governments to introduce these EV support policies, stimulated
by longterm international and supranational objectives for climate change mitigation and

energy dependen¢@/ang et al., 2019

Even so, most ofhe Europeancountries are already making progress from their initial
phases of EV support policy efforts, which includes, for example: the standards definition;

public procurement; charging infrastructure requirements; and economic incentives.

In 2018, 33 European aatries (26 within the EU) had a national EV incentive policy for
passenger caft®©ECD/IEA, 20Ba). However, the rhythm increased considerably, between
2010 and 2016, regarding the number of countries offering incentives for electric vehicles
(EEA, 201§. Thus, most countries offer policy instruments manlyhatnational level and

these incentives should not be treated as fixed, since governments modify them over time.

Nevertheless, in the majority of tlee&uropean countries, EV sales remain insignificant,
significantly below 2%Magueta et al., 201&ietmann and Lieven, 201Pa

Indeed, the disparities appear in the form and in incentives implemaintieel national
government level and in EV market shares. Therefore, a-nat&mal perspective to compare
this diversity on policy instruments adopted is valuable to understand their effRetsnann
and Lieven, 2019n

In agreement witliRietmann and Lieven (2019aye tried to include the greatest forms of
economic and neeconomic policy instruments used on EVs diffusion, such as purchase
subsidies, tax benefits, impattity exemptions, tax deductions, free use of fast bus laees, fr

parking, access to vehicle restricted areas, exemption or reduction of toll roads and ferries fees.

Nevertheless, wibcused more deeply on fiscal measures, their complenty significant

differences between countries and local governance levels \Eithmope.
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According toEEA (2018) the main incentives and taxes supporting EV penetration can be
divided irto four different categories: i) acquisition/purchase; ii) compawped; iii)
infrastructure; and iv) recurring (use of the vehicle). Please, find the main car taxes and

incentivesn Table 4-2 andTable 4-3.

While Rietmann and Lieven (2019a)ade their analysis based on consumer perspective,
we tried to consider the comparilscentives, since they are significant for the European

passenger car fleet.

According to IRENA (2019) the financial and fiscal motay incentives aim to support
the EV purchase withonetime subsidy or with other initiatives to reduce the ownership costs.
However, some economic incentives (like income tax credit) differ in the way money is
received, since the credit is returnedtb@ EV consumer at the time of the annual tax

declaration.

These financial and fiscal incentives are important to address the vehicle purchase decision
of individuals or companies and can be the total or partial tax exemption or direct subsidies
(Lévay et al., 201)7 In 2016, most European Countries employed these fiscal incentives based

on emissions to drive the acquisition of l@mission cars.

Therefore, taking into account the initial registration or purchase taxes, there is the
tendency to phase out some EV purchase incentives, especially in the frontrunners countries to
zeraemissions vehicles mandates and/or regulatory requirements related to fuel economy, and
pollutant and greenhouse gas emissi@isCD/IEA, 2019

Nonetheless, the initial registration or purchase taxes are still fundamental, while the
purchase prie of a EV is higher than an ICE vehicle, helping the early deployment of charging
infrastructure and ensure a smooth integration of EV charging demands into power systems
(OECDI/IEA, 2019 Although in some countries, the purchase incentives have been adjusted

from an equity point of view, limiting their application to vehicles.
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Table4-2 - EV incentives Acquisition, Companyand Infrastructure

Source:

Vehicle Acquisition Company Infrastructure
Vehicle | Registration Tax| Scrapping |Bonus/Malus| Subsidy | Value- Car taxes Development of Charging
Purchase Schemes Schemes Added facilities
Tax Tax
(VAT)
Description Oneoff Oneoff Taxon | Scrap an old| Low emitting| Subsidy| Indirect} Car taxes related to compa Government funds for
Tax on registration of a | contaminating cars receive ¢ given on| Tax acquisition and ownershipi installation of charging facilities
purchase new vehicle vehicle in tax cut purchasg for low emissions vehicles
tax of a exchange for|  (bonus)
new gettinga | Polluting carg
vehicle discount wher|  above a
purchasing a certain
new one | threshold are
heavily taxed
(malus)
Vehicle/ Vehicle Vehicle Vehicle Vehicle Vehicle | Vehicle Vehicle Infrastructure
Energy/
Infrastructure

Own elaboration based RCEA, 2019IRENA, 2019EC, 2019¢

72



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE

Table4-3- EV incentives on Rawing (use of vehicle)

Use of Vehicle and circulation

73

Fuel Excise duty and Electricity tax Tolls and vignettes
Value- | Vehicle Vehicle | Petrol Fuel | Diesel Fuel EU Electricity Distance Distancebased | Urban road Parking Preferential
Added | ownership | circulation | Tax - ICE Tax -ICE | Emission | Tax-non- | based road road charges pricing lane use
Tax Tax Vehicles Vehicles Trading | business usg charges (vignettes) schemes
(VAT) Schemes| -BEVS + (tolls)
(ETS) PHEVs
Description |Indirect| Periodic | Periodic | Consumptior) Consumptior] 6 § Consumptior] Charge for | Exemption/Chargq Charge for | Reduced or| Access to
Tax | taxonthe| tax on the tax on tax on emissions| tax on the passage for access to roa¢ using urban| Free Parking BUS lanes
ownership| ownership| transport fue| transport fue of electricity alongthe network for a roads-
electricity | charged for | road network] specific period | congestion
production|  vehicles and low
emission
zone
Vehicle/ Energy| Vehicle Vehicle Energy Energy Energy Energy | Infrastructurg Infrastructure | Infrastructurg Infrastructure Infrastructureg
Energy/
Infrastructure

Source: Own elaboration based ¢hCEA, 2019IRENA, 2019EC, 2019¢
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In fact, EV high purchase price is seertle@smain barrier when buying a new electric car.
According toOECD/IEA (2019a)purchasing a standard medium size EV is around 40% more
expens/e than a traditional ICE vehicle of similar size. Eventkepurchase price does not
show the total cost of ownership (TCO), since do not consider the operational costs, making
the upfront costs more deeply emphasiZ&dand et al., 2013 Normally, consumers do not

have enough information, regarding potential fuel, maintenamckcost savings.

Without a doubt, consumers ard eatirely economically rational in their decision behavior
and the ones associated wikie automotive sector are not an exemption. Or rather, purchase
incentives are not successful because of the calculated financial savings, since consumers are
unable ¢ do this kind of forecasts, but instead are a consequence of imperfect and biased
decisions(Hardman et al., 2037 Consequently, social norms and range anXiety be an

important norfiscal barrier to EV market penetratifrévay et al., 201)7

The registration taxes are effective in the EV boost, forcing the European countries to
establish their taxes according o0 emissions. This &ws the reduced or exempted
registration taxes of the ZEV vehicles to be financed by the more polluting ICEV models or

through the bonumalus approacfirransport&Environment, 2019

Indeed, the zeremission vehicles should be exempted from registration tax and PHEVs
should benefitrom a reduction and its value must be between BEVs and ICEVs. It is worth to
mention that PHEVs are often driven on their ICE and are hardly charged. On the other hand,
penalizing higher emitting cars with really high registration taxes may be unlikeigvio a

significant environmental benefit, as the sales are really low.

Many European countries have or have had direct subsidies for the EVs acquisition.
Normally, when this incentive is given, the strength of EV price competitiveness is weaker,
since thevehicle taxation scheme is not so hifBjerkan et al., 2016 In addition, these
purchase subsidies are typically part of government budget to promote sustainable mobility and
hawe a shorterm application, since are renewed and revised eachIiRENA, 2019. These
purchase subsidies have boosted sales in some European cqiininsport&Environment,

2019.

3 The fear that a BEV has insufficient range to reach the final destination. DefinitddTg®VISTAGROUP.
2019.Range anxiety: still a&oncern or a distant memory®nline]. Autovista group: we value the future of
mobility. Available: https://autovistagroup.com/neasdinsights/rangenxiety-still-concernor-distant
memory [Accessed 11.05 2020].
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Nevertheless, as highlighted Myang et al. (2019)some countries which are offering

purchase subsiés are the ones with large automotive makers andneaalifacturing plast

Additionally, countries are using the direct purchase subsidies jointly with the scrapping
schemes, which are implemented diverseltheaworld, but the general idea is to scrap an old
contaminating vehicle in exchange of gettindiscount or access to a direct subsidy, when

purchasing a low emission vehi¢lRENA, 2019.

This policy instrument has consequences singees norepresent a sustainable approach
to grow the electric passenger car fleet, leading to its withdrawal and causing the market to
stall. In an equity point of view, isidubious if the governments should be using taxes collected
to help citizens to buy any vehicle. In additiongddtes the automobile industry dependent on

subsidies and its costs and profits might be infl@fednsport&Environment, 2019

In sum, the fiscal incentives allow consumi&rsnake a vehicle acquisition, basedtbe
improved perceived value of EVs through these policy instruments. Hardman et al.

(2017)believe that consumease more likely to buy an EV if purchase incentives are available.

Regarding company cars and their incentives, imthasport&Environment (2019)ew,
the use of a company car for private purposes can be seen as a tax break for the employee and

an indirect subsidy forar manufactures.

At the same time, the company car market is noteworthy in shaping the passenger car market
in Europe, since influences the secdrahd market and has a leteym effect orthepassenger
car fleet. Consequently, their taxes are fundamental for shaping the passenger car fleet and
should be linked t® U emissions, similarly with registration and circulation taxes. Thus, this
category of incentives repressan opportunity fothe acceleration of the EV penetration into
the mainstream and secehdnd marketsindeed, these company car incentives are not as

explored in the literature, as the previous one.

As referred to vehicle recurring incentives, circulation tax is linkedhé¢oengine power,
cylinder capacityor fuel consumption. This tax is not so influahin the electric car price,
because their paymentas a monthly or annual bas{Magueta et al.,@1.8), but it represents
an opportunity to increase the attractiveness of fow emissions secordand vehicles.
Nevertheless, the circulation taxes should include an air quality component, concerning air
pollution in major cities. As we have seerg thest practices applied to registration taxes also

affect circulation taxeéTransport&Environment, 2019
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Regarding fuel taxes, they are able to limit energy consumption in road transport, promote
the acquisition of vehicles more energfyicient, and change drive patterns. This isessential
for energy security, because of volatility in fuel prices and geopolitical instability in the main
oil-producing area@Vlagueta et al., 2038In most countries, diesed still taxed at lower rates,
compared with petrol, although is more energy and caiitense(Transport&Environment,
2019.

The electricity taxation has not been adagedarfor transportation and the national rates
vary even more than transport fuels. Some utilities are offering different electricity rates for

commercial or private customers for charging their EVs, lowering the totglR&MNA, 2019.

Consequently, some governments are using policy instruments, like fiscal purchase
incentives to promote the purchase EV over ICE vehicles. Accordidgritman et al. (2017)
sales tax exemptions, VAT exemptions and purchase subsidies are theffacsve in
promoting EVs sales and this effect is superior when the sales tax and VAT are higher for ICE
vehicles, which is the case of Norway. So, high revenues from ICE taxatidimance EVs

incentive schemes and this type of scenario can lakirfger.

Additionally, the incentives should differ between the BEVs and PHEVs. And not only
between the highand lowend BEVs, since the incentives were found to be more imperative
at low-end BEVs, but also highand low electric range PHEVs, which skbibeneficiated
proportionally higher incentivg®euten et al., 2030

Presently, in conformity witMagueta et al. (2018%he main fiscal policy instruments used
to encourage consumers adopting innovative technologies with decreasing environmental

consequences are:

i) Initial registration or purchase taxes;
i) Circulation ormotor taxes;

iii) Fuel taxes.

Accordingly to Sierzchula et al. (2014)economic policy instruments and charging
infrastructure hga positive correlation with EV market share. Most of EV consumers find these
economic incentives helpful, but consider relevant a sufficient charging infrastructure

implemented on highwaysieven, 2015%.
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Various national governments provide incentives for charging infrastructure deployment
and they originate a variety of policy instrumentsh&tlocal level within the same country.
Most European countries implemented tax deductions, sebgat private installations, public
funding or even free use of charging infrastruct{iRetmann and Lieven, 20&P Indeed,
charging infrastructure is important for an increasing consumer EV accetdaog et al.,

2019

On the other hand, the nomonetary incentives which are complementary, are able to
increase the value proposition of electric vehicles with regulatory measure and to achieve better
environmental performance associated with local air and noise pollutdoesithe EVs more

convenient and co#fficient andhasnormally implemented dhelocal level.

Examples of these policy instruments are: driving permission in restricted areas (like city
centers), road toll exemptions or reductions; circulation iarvesl lanes for public transport
(IRENA, 2019.

Concerning thair and noise pollution and congestion caused by an irereaar use and
sales, a local effort to restrict access in city center or taxes associated to the age of the vehicle
is an excellent way of managing traffic and influence the choice of velhildgueta et al.,
20138.

Furthermore, parking permission and free charging can help road and congestion charging,
since the solution to the urban mobility and planning is to limit availaérking spaces in the
city centers, increasing the price of parking. The parking fee can be based on the emissions of

the vehiclgTransport&Environment, 2039

As referred toEEA (2018) when the National and Local governments put in place the
appropriate incentives, their citizens buy vehicles with lover emissionsHowever, this
context can be influenced by other factors, sucthaswvailability of new technologies and
economic conditions. Without a doubt, public policies associated with EVs should be carefully
designed, avoiding rebound effects and opposing impéke increased emissions of other

pollutants.

Therefore, as we have seen, taxation and incentives programs differ across several aspects
and their effectiveness in reducidgld emissions is related with the number and monetary
value of incentive onfter, their position in the vehicle life cycle (acquisition incentives or use

of vehicle incentives), type of owner targeted (private individuals or companies) and the type
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of vehicle chosen to incentivize (efficient conventional engine, hybrid, eleetriclesEEA,
2018.

All things considered, purchase incentives should be used until the market penetration is
not reached, then should be reduced, taking into account the EV market maturity. In sum, fiscal
incentives are able to offer strong incentives to renewal rapidly the car fleet and influence

consumer 6 s behavi o-efficient passenget ca(Magueta et almz2D}8e f u e |

4.1.1.Norway

As demonstrated in chapter 3, Norway has become a global forerunner in electric mobility
and is leading the way for a transition to zeroission in transpo(Elbil, 2020. One possible
reason for this leadership in the world can be the robust economic aedomemic incentives
for promotingthe purchase and ownership of BE\Bjerkan etal., 2016. Thus, is important
to analgehow policy instruments adopted can contribute to the successful adoption of EVs in
Norway (Rietmann and Lieven, 201paAfter all, the speed of the low carbon tréaiosi is

closely connected to policy instruments awlide range of incentives.

As previously emphasized, Norway has no automobile industry in the country and their fuel
price are among the highest in Europe, as opposed to thprioed electricity with96%
generated from hydroelectric power plafsgenbaum, 2017 In fact, electricity prices in

Norway are between the cheapest in Eu®dangsness et al., 2020

Equally important, Norwegian EV incentives exist since the-9isl and are focused
particularly on BEVs. The incentives have started with an exemption on import tax and
registration tax for BEVs in 1990, pressed by some enthusiasts who imported th&Yirst B
through the justification of testing E\(Beuten et al., 2020In 1996, this exemption became

permanent.

After that, the initial effort has developed under the Oslo municipal, electric utilities fleet
and NGOs efirts in order to test the technology, without any support or criticism from the
traditional automotive industry. This pressure made bygarernment organizations, namely

lobbying has fundamental to the introduction of incentigieigenbaum, 201)7

Consequently, lobbying for incentivesaswell received by politicians, since ICE regime
was weak in Norwagnd thegovernment desnot have to refleadnthe impact of electric cars
on the competitiveness of national car manufactures and employment level lost witbahis

transition.
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According to Figenbaum (2017)the Norwegian actors were influenced by the 1990
California ZEV mandate, which established an obligation of selling 2% of BEV from 1998, 5%
in 2001, and 10%n 2003, to achieve the reduction of local pollutant target and the introduction
of decarbonized eledtity into the car transportation system, althoagthe beginning (back
to 1990) they were focused in the creation of a Norwegian EV industry and commerce network.
Nowadays, the targets changed and they move towards climate policy objéctieg et al.,

2017).

The Norwegian road transport sector is profoundly taxed, range from taxes on new vehicles,
annual taxes, fuel taxeend abundant toll roadBigenbaum, 201)7From the start, the majority
of political parties believe that it should always be economically benefic@oose zero and
low emissions cars over high emission cars and this is being achieved ttirepgluterpays

principle inthecar tax system.

In other words, high taxes should be applied for high emission cars and lower taxes for low
and zereemission cars. In this case, taxes on polluting cars can finance incentives for more low

carbon vehicles without any loss in government reve(tied, 2020).

This country has also the highest purchase/import taxes on new cars in the world. This can
explain why exemptions from purchase tax (1990) and VAT (2001) (currently is at 25%) seem
to be critical, revealing that djpont price reduction is the most powdrincentive supporting
the EV penetration in Norway. In fact, these incentives allow BEV purchase price to be more

or less identical to the price of a traditional ICE veh{8rkanet al., 2015

In Norway, the purchase tax for all new cars is obtained based on a combination of weight,
0 U , and NOx emissions. In recent years, the emphagia emission and not on weight.
Please note, this tax is progressive, as a resultcadrg with high emissions are very costly
(Elbil, 2020.

This car tax system makes most BEVs models cheaper to buy compared to similar petrol
models, even when the import price for EVs is much higher. That is whig|dibi(2020), the
Norwegian EV market is so successful comparednyp @her countryindeed, incentives
reducing the purchase price have been the most effective in boosting the diffusion of EVs,
compiling with the idea that European markets with substantial incentives are the ones with

larger market shares comparing witlose with less or no incentivgsigenbaum2017).
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On top of that, since 1990 BEVs are exempted from vehicle registration tax, adding more
significant savings. However, with regard to EVs as a whole, PHEVs are not considered in this

.....

emissiongBjerkan et al., 2016

In addition, BEVs have the lowest rate of the vehicle license fee. This exemption does not
give so much savings, but are cyc{Bjerkan et al., 2016 From 1996 until 2016, BEVs
benefited from a reduction in circulation

insteadof3564 100 paid by traditional <cars.

In sum, these vaus fiscal incentives made EVs cost competitiveemparisorto ICE
vehicles, havin@ great impact on EV saldtévay et al., 201)7 Interestingly, the very first
BEV imported to Norway in 1990 benefited from import and registrat#onexemptions
through imposition. Twentgix years later, the ICE high tax combined with EVs exemption
became a prerequisite for BEV market expansion. Additionally, the VAT exempasn
i ntroduced to reduce BEVO0Os peadvantaged.iindeadtaxa nt &
reductions have gradually evened out the price difference between the two powertrains, creating

a cost advantage since 2QFsgenbaum, 2017

Since 1997, there are government incentives for the deployment of home and public
charging infrastructuréDeuten et al., 2090Regarding the charging habits in Norway, the EV
owners normally charge at home and tbeyot rely on fast charging daily, but EV consumers
believe to be essential having the option of fast charging when required. Consequently, a well
organized charging network has to be done forddistance trips in Norway, even with a three

times more expesive charg€Elbil, 2020).

This can be explained, since the majority of Norwegians (around 73%) live in row houses,
family homes, detached and semieitached houses, allowingmuse charging change. With
this in mind, seems that normal recharging infrastruct@®not critical for the purchasing of
a EV so far, although a fast one might be more reld@jetkan et al., 2016 Additionally, the
majority of households have a sufficient power capacitghtarge EVs, as result of their

heating features (74% are electi{E)genbaum, 2017

Trying to accomplish thathe Norwegian Government launched in 2017, a program to
finance the creation of at least two mugtandard fast charging each 50 km on all principal
roads in Norway. In additiomi2016, Norway implemented a Regulation with the requirements
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for charging infrastructure in new buildings and parking lots and for parking lots and areas a
minimum amount of 6% to EMEAFO, 2020. However, until now, EVs are used as a second

family car, due toange limitations and charging infrastructure low deployment.

Finally, since 1997, exists other financial exemptions linked with road tolling, ticket fees
on ferries and free parking on municipal public parking established initially by national law
(Bjerkan et al., 2006 Meanwhile, in 2017, the local governments started deciding the
incentives, regarding access to bus lanes and free municipal parking. In fact, the Norwegian
Parliament implemented the 50% rule, making the municipalities do not charge more than 50%
of the price for fossil fuel cars on ferries, public parkemyd state ferries. However50% rule
on toll roads was just applied in 2Q1#hd taking into accounhé parking fee, this will be
implemented from 2019 onward&lbil, 2020.

To summarize, Norway has a leteym policy of relevant tax exemptigncluding vehicle
acquisition, ownership, reduced toll, ferry and parking,faad charging infrastructure. For
this reason, in 2@, Norway had the lowest averaggg) emissions from new cars in Europe,
approximately 93 @ 0 /km (EEA, 2018.

With regard tothe replicability of the successful Norwegian case to other European
countries some measures can be adopted but must be adjusted to their circumstances. The
power of the economic incentives is due to the high level of vehicle taxation. Thus, in the case

of lower vehicle taxation regimes, the results would not be the @jer&an et al., 2016

Please note that Norwegians do not benefit from a direct cash acquisition subsidy, as it has
been paid in other European countries. Consequently, these subsidiethepswmor for
business opportunés. Indeed, the majority of secotiiind vehicles bought between 2017 and
2018 in Norway were imported from countries where buyers received substantially cash
subsidies: Germany, USA, Sweden, South Korea, France, Beldgaiy, United Kingdom,

Spain and RomanigElbil, 2019.

At the same time, one factor that seemed fundamental to EV diffusion was the fair board
support across the Norwegian political parties. Although, they were criticized since EV
incentives can be seen as an incentive fomtbalthiestin society. This happened because of
the EV owner profilehigher educated and higher income, compared to the general population
and ICE owner¢Bjerkan et al., 2016
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Currently, these zeremission car incentives will be applied until the end of 2021. After
that, the incentives will be revised and adjusted based on market m#Elhily 2020.
However, in 2017, BEVs incentives have been downsgredually, trying to avoid any
setback. These laws and regulations without end dates mtdeEnational and sometimes at
the local level permitted the creation of a leteym stable framework supporting electric
mobility (Figenbaum, 2017

In sum, various aspects influenced the succedgfukion of EVs in Norway and especially
significant economic and neeconomic incentives offered at national and local government
summarized iMppendix C, Table C-1. Nevertheless, one important factor for this leadership
was the collaboration betweeiverse actors, as national and local governments, companies

and organizations.

4.1.2.Portugal

The ransportsector is characterized by the highest energy intensity and the largest indirect
contribution to primary energy imports and energy dependesiaied. In 2016, Portugal had
the lowest averagé 0 emissions (105 g/km) in the European Union, plus Norway, Iceland
and SwitzerlandEEA (2018) Although air pollution emissions were reduced, doi¢he
introductionof catalytic converters and cleaner fuels. Additionally, vehicle taxes are intensely
discriminated according t® U emissions, few passenger cars are bought new and are smaller
thantheEU averagéMagueta et al., 20)8Therefore, unlike Norwagl0,5 years)the average
age of the passenger caxdt in Portugal is higdr (12,9 years in 2018Autoalan, 2020

The automotive industry in Portugal constitutes an important pillar of the Portuguese
economy, cotmibuting strongly to national GDP. Additionally, automobile component
manufacturing is the most representative sector in this industry, continuing to generate jobs and
exporting 84 percent of its productiphICEP, 2016.

Consequently, Portugal believes that road transport will face a revolution within the next
years, with the use of lowmission solutions for urban areas and proactive use of public
transport systens, stimulating the expansion of networks and multimodal integration
(RNC2050, 2019

In this context, mobility electrification based on renewable energy will soon face a rapid
transition from conventional ICEto EVs. According toRNC2050 (2019)hybrid vehicles can

play an important role ithedecarbonization of individual transport in a transitional phase, but
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electrcity will be responsible for 30% of light passenger transport mobility demand in 2030,
with a potential to reach 100% by 2050 and stimulated by share and/or autonomous mobility

forms

Portugal has introduced green taxes to support the introduction -@hsion vehicles,

relatively early, in 2007. However, thaw no 22A/2007, June 28 allowed EVs to benefited

from an exemption of the environment component of Registration Tax (Imposto sobre veiculos
i ISV) and the exemption from the annual road temppsto Unico de Circulagéid IUC)
(Magueta et al., 2018

Later, in 2009Ministries Council Resolution n® 20/2009 and Ministries Council Resolution
n° 81/2009 created the Mobi.E.qgram (Program for Electric mobility), in order to introduce
and support the EV penetration in Portugal by the deployment of an innovative system which

included electric grid supervisiqgMagueta et al., 20)8Table).

Consequently, in 2013Jinistries Council Resolution n® 20/201dtiated several energy
efficiency measures, which symbolized an updatéheiNational Energy Efficiency Action
Plan (NEEAP 2012016) and where the transport sector was included: with the promotion of
the acquisition of EVgdMagueta et al., 2018EA, 2016.

t
Shortly, in 2014, the ﬁGr-@/@OiL4,I])@9mhdrf§1bmb | e

been implementedcgalled the Eco-car program(lEA, 2016. This legislation allows the

establisiment of new incentives for BEVs and PHEVS, including car tax reductions and even

purchase incentives.

Here, BEVs are exempted from Registration Tax, as wdlliasilation Tax Please note,
that only PHEV have to pay 25% of the registration tax and pagrthual road tax like any
other car, there is no reduction, discouuar tax benefit (Magueta et al., 2018
impostosobreveiculos.info, 2020VE, 20209.

The Ecoecar program includes also a component centered in the construction and upgrading
of the existing charging infrastructure for EVs, includthg Mobi.E program(Magueta et al.,
2018. Please note that the MobipHot charging network was free, until 2020. However, there
are still free charging stations, often located in commercial spaces, parking lots, restaurants,

where the owners offer the charging to their custorfigvds, 20200).
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Exclusively for companies, BV/s are exempted from Autonomous TaxatifFributacéo
Autonoma) under IRCand VAT (Imposto sobre o valor acrescentadvA) - Value Added
Tax (VAT) i's deductibl e (wit h 508)(Uvk 2020cu m t c
impostosobreveiculos.info, 20R00n the other hand, PHEVs benefit from an Autonomous
Taxation reduction, up to 0 25,000 pay 5% i
10% instead of 27.5% and over U 35,000 pay

lower total car salerpi ¢ e ma x i 000(Mmpostbsobéedelzulos.info, 20R0

In the past, from 2000 to 2010, Portugal hadrtiative aiming he increase of vehicle
replacement through new acquisitions. In 2014, this program was replaced by the incentive of
the endof-life vehicle slaughter program (Incentivo ao Abate de Veiculos em fim de vida),
which add a new requirement fanew car, demandg low-emission vehicle. The main idea
was to remove vehicles with more than 10 years and replace them with less polluting cars
(Magueta et al., 2038

In 2016, Portugal created amcentive for the acquisition of lo@mission vehicles without
the necessity to deliver an old vehidlecentive for the Introduction of Low Emission Vehicle
Consumption- Incentivo pela Introdugdo no Consumo de Veiculos de Baixas Emigsfes
DecreeLaw no 42- A/2016) i especially implemented to BEVand includes lightluty
vehicles, heawguty vehicles, mopeds, motorcycles and bicycfasmnced by Environment
Fund (Fundo Ambiental), which is the successor of Portuguese Carbon Funam®hst
changes everyear, as well as their requirements. For 2020, Dispatch n° 3169/2020, the value
of the incentive for individuals is 0 3 00
companiesi t is U 2 000 (for a maxi mum liontedtd pas:
700 units for private owners and 300 units for companies. The selection process is associated
with the time of application. I n addition,
62 500(UVE, 2020a.

4 In addition to the general IRC, anmmmous taxation is applied to certain expenseBafuguese Corporate
Income Taxtaxpayers. Please note that expenses with passenger vehicles with the acquisition cost between
U 2 @01 U 3 @O0 have to pay an extra tax of 1{B8%.AICEP. 2020Invest in Portugal: Fiscal Systef@nline].

AICEP Portugal Global: Republica Portugue$accessed 22.04 2020].

5> Imposto sobre o Rendimento das Pessoas Coletivas {IRGjtuguese Corporate IncomaxT- is a tax levied

on profits derived by both resident and fresident entities.
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With regard to the fleet of State passengers cars (Public Administration), Portugal has the
Electric Mobility Support Program in Public Administration (Programa de Apoio & Mobilidade
Elétrica na Administracdo PublicaPAMEAP) which aims to promote decarboniaatand
improve the environmental performance of the State Vehicle Park, in line within the Program
for Sustainable Mobility in Public Administration 202820- ECO.mob(FundoAmbiental,

2019.

This program includes the financing of electric vehicle acquisition and support for the
acquisition of charging points and the respective georeferencing and monitoring systems.
Please note that these entities have to posskgst aehicle with more than 10 years old to
slaughter for each electric vehicle applied and the limit is two vehicles per Municipality
(FundoAmbiental, 2019

PAMEAP finances 50% of the expenditure (including VAT) with the rents of the purchased
EVs, under an operating and financial lease regime over a period of 48 months and 50% of the
acquisition and installation of charging stations, up to a maximum numbkafers equal to
the number of vehicles assigned to each eni
case of conventional char ger s -fastechargiag pdint 0 0 0
(FundoAmbiental, 2019

Regarding parking, at local level, there are several Portuguese municipalities which have
implemented benefits for electric vehicles, including discounts (Beja, Funchal, Guimaraes,
Lisboa, loures, Mirandela, Oeiras, Oliveira de Azeméis, Pévoa do Varzim, Ribeira Brava,
Setubal and Vila Real) or exemptions (Funchal for PHEVs and Porto) from parking on public
roads(UVE, 2018 UVE, 20203.

Taking into accounthie traffic restrictions access, some Portuguese cities have traffic
restrictions in order to reduce air and noise pollution. However, 100% electric vehicles are often
allowed, since are an exception of restrictions. Particularly, in Lisbon, from Augu8t 202
onwards, traffic restriction rules will be applied in the Batsiado and Avenida da Liberdade
(called ZER- Reduced Emissions Zone), 100% electric vehicles are the exception and their
circulation is allowedUVE, 2020¢ UVE, 20200.

ConsequentlyMagueta et al. (2018)ighlight the main policy instruments in place in

Portugal, which are affecting mostly the price of the new passenger cars:
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- Registration tax;
- Circulation Tax;
- Fuel Taxes;
- Subsides in the acquisition of EVs.
In sum, Portuguese green taxes hapesitive impacbon EVs car sales, especially BEVs
which benefited more from purchase and ownership incentives compared to PHEVS, resulting
in an exponential increase, since 2010 weshave seen, these tax incentives can explain the

shortterm trend ofgrowthin EV market penetration

In accordance with we have been saying, Portugal has relatively high purchase taxes
(>30%), which includ® 0 emission component, when comparin@tber EU member states.
This represents one possible explanation for the relative success of 2014 car tax reform, since
lower car taxes and higher monetary benefits associated with the EVs acquisition, result in
income savings. Additionally, as referredMggueta et al. (2018increased availability of EV
car models may also explain the behavioral change and sales growth, combined with where the
citizens live, since thegrefer to buy an EV for the daily moves in the major cifidse main
economic and neeconomic incentives offered by Portugal are summarizégppendix C,
in Table C-2.

4.1.3. Spain

The situation in Spain is completely different from Norway and Portugal ghmee
automotive industry is really important in this country. This sector has a considerable
contribution to the Spanish GDP, since the country is the sdaagpest manufactureof

automobiles in Europe, exporting 89% of the vehicles manufactured.

Therefore, the dominance of this sector and their lobbying groups may difficult and slow
down the EV adoption process, since the stakeholders and the political and economic challenges
add obstacles and complicate the collaboration between various interest groups invéved

promotion.

Nevertheless, the transport sector in Spain remains the main contributor to energy
consumption, as we have seen in Norway and Portugal, representingf38%al national
consumption. It is worth mentioning that, the passenger cars alone re@pgestimately
15% of the total final energy consumed in SpafiDAE, 2020. In addition, Spain, like
Portugal, has an aggaassenger car fleet with an average of 12,4 years. Thus, Spanish
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incentives associated with the demémrdelectric passenger cars could send a clear message to

car manufacturers to do not fall behind.

In 2010, the Spanish Government created the action flstnategia integral para el
impulso del veleulo el®trico en Espfa 20102014 - Comprehensive strategy to promote
electric vehicles in Spaif in order to reach the planned targets of 250 000 EVs (BEVs and
PHEVSs) in 2014, accomplishing only835 passengers cars at the end of 2&bhz, 201H
The promotion and development of the electric car was part of the Sustainable Economy

Strategy adopted by tt&panishGovernment.

This Plan was proposed to act alamigh four main areas: i) the promotion of demany, i
industrialization programs to promote the development and industrialization of electric vehicles
in Spain, iii) promotion of charging infrastructure and demand management and i) cross
cutting programs (actions communication and marketing, regulatqegctss professional

training, etc.YEnergiaysociedad, 2010

In this way, the Spanish government created diverse déate for the purchase of electric
vehicles from 2012019: i) MOVELE 2014; ii) MOVELE 2015; iii) MOVEA Plan 2016; iv)
MOVEA Plan 2017, v) MOVALT Plan 201 and vi) MOVES Plan 201#owever, until 2019,
all of these national plans had a very limited budgeitkly exhausting incentives to purchase
for the most varied EVs (motorbikes, busasd trucks).

All these plans are part of the scope of the EU Directive 2014/94/EU of the European
Parliament and the Council of Europe of October 22, 2014, which sstablthat member
states must develop a specific National Action Framework to implement alternative energy in
transport and its related infrastructure, within the European ageralaéaner, safer and more
connected mobility and its Clean Mobility Packdt@AE, 2019.

Thesewere coordinated by the Institute fahe Diversification and Saving of Energy
Instituto para la Diversificacn y Ahorro de la Enefg 1 IDAE -and are managed by the
autonomous communities and cities, which must make calls in their respective territories for
the distribution of the amotmthat have been assigned to them and distribute the aid between

the final beneficiaries.

The latest Spanish incentive plan for electrical penetratid®VES Plan 2019 stood out
with a higher budge reaching 45 million euros. After one year with natstplan related to
EVs, MOVES Program 2019 appedmwith a different configuration and a higher maximum
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purchase pr i c é00mredb @0 euros ifathe duger is @ geBon with a disability
or a large family(EIMotor, 2019.

Indeed, on purchase of any electric vehicle, the public subsidy must be added with the
discount that thearmanufacturer igbligatedto doand, in addition, other State dftht covers
part of the installation of the recharging point (in the previous plan the dealer had to provide

it), so the sum may be the highest awarded saléuending on the type of vehicle chosen.

To apply for current aid, EV buygmust request it bere buying the vehicle or installing
the charging infrastructur@lIMotor, 2019. BEVs, PHEVsand FCEVs are subsidized up to

U5 500 euros, depending on autonomy (350 kn

Regarding the aifbr the installation of charging points is 30% for private companies and
40% for individuals, communities of ownerand public entities without commercial or

mercantile activity.

While previous calls for aid for sustainable mobility ran out in a fewd)dbrs new plan
has not been exhausted, since the vehicle consumersstnagta vehicle that is more than 10

years old, which has owned for at least one y&atopista, 202]

In fact, this obligation complicated the adhesion to the MOVES Plan 2019, because are
the companies and publicganizations that purchase the majority of electric cars on a rental

basis and cannot cancel any car in reféutopista, 202D

In sum, these plans were unambitious and not structural like in other European countries,
where aid is fixed and does not depend on stationary plans. Indeed, the lack of continuity of

funds produces a strong seasonality in the acquisition of electric vehicles.

On the other handlan Programa de Incentivos al \fehlo Eficiente2016 (PIVES8) had
a budget of U4 225 million, in order to enc
PHEVs, and also diesel and petrol cars and whose theoretical purpalse i® reduce
emissions from the most polluting vintage cars. Please note that this action plan had eight last
versiongMovele, 2020.

With regard to purchase taxes, the registration-tdmpuesto de Matriculacion is
exempted, dud¢o the way this tax is calculated based @ emissions. Thus, BEVand
PHEVsare completely exemptdtlissan, 2020 Alternatively, BEVs are not exempted from

circulation tax or annual road taxmpuesto sobre Vehiculos de Traccion Mecanica (IVFM)
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, but can benefit from a reduction up to a maximum &f & the fuel that consumes the
vehicle and it is designed #ie local level, so it depends on the Autonomous Community
(Nissan, 2020p

Concerning the VA, there is no benefit for EVs, so they are taxed at the standard rate of
21%(Nissan, 20200

As areferend to parking, in many Spanish citiglectric cars can park for free and without
a time limit, as is the case in Madrid and Barcelona among others. The power over parking in
regulated areas is #telocal level(Nissan, 2020pb At the same time, in Madrid, BEVs will

havea preference in the use of reserved loading and unloading gMisssin, 2020a

Regarding access to areas with traffic restrictionsnddfat local level, BEVs are exempt

from the restriction of access to the Central Area in Ma@iigsan, 2020a

Additionally, Madrid Plan A will allow the use of BUBAO®-ECO lanes by BEVs and
PHEVs(Nissan, 2020zautofacil, 201%.

Concerning the tolls exemption or reduction, defined at local levels, BEVs and PHEVs were
fully exempted until 2019 in Catalonia. However, in 2020, BEVs and PHEVs benefited from
toll reduction up to 75% and 30% respectividjovilidadeléctrica, 2020

All things considered, Spain has more or less the same economic amtammmic
incentives, but of the three representative countries, it is the one tiiae mast favored PHEV
- hybrid technologyAppendix C provides an overview of the policy instruments adopted in
Spain to promote the dissemination of EwsTable C-3.

6 The BUSVAO lanes are sections of track reserved for buses and vehicles that transit with two or more people
inside. Cars with a zero environmental mark can circulate avisingle occupant. They are 100% electric and
plug-in hybrids with a range of electric range greater than 40 kilometers. The autonomous authorities are
responsible for regulating their traffic.

AUTOFACIL. 2019. ¢Qué vehiculos pueden circular por el carrii bWAO? [Online]. Available:
https://lwww.autofacil.es/movilidad/restriccionrdse-trafico/2019/04/05/vehiculasircularcarril-bus

vao/49560.html [Accessed 12.05 2020].



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE 9C

4.2. DIFFERENCES BETWEN NORWAY, PORTUGAL AND SPAIN IN THEIR EV
SUPPORT POLICY

Table4-471 Overview of EV support policies in Norway, Portiigand Spain

EV SUPPORT POLICIES Norway Portugal Spain
Vehicle Acquisition
Exemption or reduction on import taxes Vv
Exemption or Reduction from registration v v v
costs
Purchase Subsidy v
Purchase Subsidy combined with a v

Scrapping Scheme

Exemption or reduction from VAT v

Recurring or Use of Vehicle

Exemption or reduction on circulation v v v
taxes/annual road tax

None or reduced charges on toll roads v v
None or reduced charges on ferries v
None or reduced charges on municipal v v v
parking
Access to bus lanes v v
Access to restricted traffic zones v v
Driver license class B allows to drive v

electric vans class C1 up to 4250 kg

Company incentives

EV purchase incentives for companies v v

State passenger car fleet incentives

EV purchase incentives for public v
administration fleet

Charging Infrastructure
Subsidies v v v

Programs v v

Source: Own elaboration
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Nowadays, the EV market penetration is dependent on government support in the EV
acquisition, ownershi@nd in the availability of crging infrastructure. As we have seen
before, economic and natonomic incentives have helped the EV sale boost in some
European countries (especially the Nordic region) and have been implemented at
different vertical governance levels: internationslipranational, nationabnd local
(regions and cities). After all, the evolution of policy incentives difé&cording to local

conditions.

It should be noted that Norway has a passenger car fleet with a lower average age
(about 10.5 years in 2018), iPortugal (12.9 years) and Spain (12.4) have an older car
fleet that implies greater fuel consumption and therefore, highér emissions
(Autoalan, 202 Additionally, electricity price in each country is also a determining
factor, as Norway has one of the lowest prices in Europe and is produced mostly from
renewable sourcediydroelectric. The same is not true in Portugal and Spain, which have

one of themajor tariffs(see Figure 523 inthe next chapter).

As shown inTable 4-4, the financial and fiscal incentives implemented in Norway
offer tax benefits or reductions/exemptions to EVs, while are increasing tax cost
associated with ICE vehicles. It isportant to note that the success of the electric vehicle
incentive policy in Norway is partly due to the high level of taxation associated with the
vehicle purchase, that is: import and registration tax. Thus, its registration tax exemption
makes BEVs morattractive, compared to PHEVs, which only receive a reduction. These
acquisition taxes are particularly high when compared to Portugal and Spain, making

these incentives in Norway more effective.

In Portugal, BEVs are also exempt from registration aad PHEVs benefit from a
75% reduction. In Spain, BEVs and PHEVs are both exempt from registration tax, since
the criteria are relatetb emissions up to 120 g/km af 0. As you can see, in the
registration tax, Spain is the country with the highest lef'/@icentive, since offers the
exemption both to BEVs and PHEVSs, unlike Portugal and Norway, which only provide
anexemption for BEVSs.

Though, in some countries like Portugal and Spain, they have introducduinene
subsidies for EV purchases. However,ithplementation schemes differ, as in Spain, in
the last incentive plan MOVES Plan 2019 for electric mobility, it was necessary to

scrap a vehicle over 10 years old that has been in the owner’s property for at least 12
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months. In Portugal, there wassthhequirement for the allocation of the incentive, but it

has already been withdrawn. On contrary to previous plans, this aid has not been
exhausted in some Spanish autonomous communities, since many agents who bought
these vehicles before were on leasimgdality and therefore did not have any vehicles to

give in exchange.

It is important to highlight that the subsidy amount given in Spain is much higher (up
to 0 5 500 for BEVs) and also includes PHEV
andthev al ue differs i f i1t is for a contpany (U0
should be noted that the maximum purchase price for these vehicles can also benefit from
this subsidy, it differs between Portugal (BEVE 6 2 afté @axeyand Spain (BEVs
U 2800 after taxess theCanary | sl ands, Ce 4@0dor @herd Me |l i |
autonomous communitieAs you can see Portugal allows a higher price for electric cars

to benefit from the subsidy.

As previously mentioned, this lesdio freerider behavior in countries that do not
offer this incentive in the secofithnd market, as is the case in Norway. Please take into

consideration that Norway does not have this kind of economic policy instrument.

In addition, Norway also offers MAT exemption(25%) for new and secontdand
vehicles, which currently allows BEVs to be competitive against ICE petrol and diesel
vehicles. In 2015, extended this exemption also to BEVs under leasing. In the case of
Portugal, there is no exemption from VAHowever, in the case of companies, these are
exempt from autonomous taxation in the case of BEVs, while PHEVs are liable to pay
autonomous taxation, butinareducedameunp t o 0 25 000 pay 5% i
bet ween U0 25 000 atnadadi Bf5 2D0.05% aand 0 e m su
VAT i s deductible if the vehicle price valu
50 000 for PHEVSs. Alternatively, in Spain, there is no VAT reduction or exemption for

individuals or companies.

The VAT is particularly relevant, as it represents 25% of the sale price in Norway,
23% in Portugaland 21%and 7% (because ¢&IC for the Canary Islands, Ceytand

" This is because these regions are sultgeat7% tax rate Impuesto General Indirecto Canar{tGIC) -
Canarian Indirect General Tafor being on the islands, while the rest of the territory is subject to VAT
21% .
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Melilla) in Spain. Again, the incentives given in this category are higher in Norway,

followed byPortugal and finally Spain without any assistance.

In addition, as can be seen in ta#®, Portugal and Norway have incentives for the
EV fleet of companies that is particularly important in Europe. In the case of Norway,
they offer a tax reduction of 40%n thecompany use tax and VAT exemption in the
leasing regimewhichis particularly retvant for companies. Portugal also offers special
conditions for VAT on companies. Spain only differs its incentives for companies in the
case of incentives given for the charging infrastructure deployment (aid of 30% for private
companies and 40% for indduals, communities of ownerand public entities without

commercial or mercantile activity).

In brief, these economic incentives associated thigtacquisition of the vehicle will
be less important, as soon as EVs become-aamapetitive withan ICE vehicle.
However, as mentioned in the literature, these incentives have been considered the most
impactful in EV promoting in this EV penetration initial ppasince most consumers do
not take operational and maintenance costs into account in their puddasionlt is
vital to emphasize that in some countries, there is already a reduction in these
purchase/acquisition incentives, according to the maturity of their EV stock in the

passenger car fleet and of the EV technology experience.

Regarding the se of the vehicle, that is recurring charges, for the annual circulation
tax is given a reduction or exemption for both Norway, Porfugal Spainin the case
of Norway, this tax is based on the type of fuel and both BEVs and PHEVs benefit from
areducton and paymi ni mum amount ar oundo. laPdtigal, i nst ec
BEVs are fully exempt and PHEVs have to pay the equivalent of an ICEV. In Spain, the
amount depends on the autonomous community in which the car is registered. In the case
of the Madrid community, BEVs benefit from a reduction of up to 75%, while PHEVS
have to pay the same as ICEVs. In this circulation tax, it seems that Portugal and Spain
are benefiting BEVs more, insofar as Norway gives an equal incentive to BEVs and

PHEVs, contrey to Spain and Portugal.

Therefore,it should be noted that while this circulation tax is levied at the national
level, such as Norway and Portugal, this tax is levied at the local level, by Autonomous

communities in Spain, making its level of taxationymmary within its territory.
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Furthermore, notliscal or noreconomic incentives have been used as a way to
improve the EV value temporally, providing the access to bus lanes allowing EV
consumers to avoid traffic jams, p&swer toll roads and ferriesor giving access to
restrict areas, like the gitdcenters. These incentives are implementetiedbcal level

but are sometimes regulatedfa national level.

In Norway, the national government created a specidufber plate for EVs that
gives local athorities the option to select the local incentives sisfhee parking, using
bus lanes. Consequently, since 2016, Norwegian local authorities determine fees and

exemption categories, producing different local regulatory frameworks.

In the case of theeduction or exemption of toll roads, Norway and Spain (only in the
autonomous community of Catalonia) offer these incentives and Portugal does not.
However, in the case of Norway, the incentives are higher, as it embraces urban and
highway tolls roads exaption. Though, since 2019, BEVs have to pay toll fees, but a
low one. In Spain, only in Catalonia Autonomous Community, BEVs benefit from a
discount up to 75% and PHEVs up to 30%.

Regarding the exemption on ferries, Norway offers free access on mast fhat
are conne&d to the national road network. Although on local road networks, local
governments decide the ferries fee value. Unlike Norway, PorargaBSpain do not have

such incentives.

Considering the parking fee, PHEVs and BEVs benefit freemgption or reduction
of the parking fee in Norway, Portugal and Spain, despite they differ stronglyeby

municipality (local level).

As referred to access to bus lanes, Norway allows free access, but several bus
corridors are experiencing regular congestion during rush hour. In this manner, Oslo
municipality granted access to the bus lane on two specific corridors during rush hours
only to electric cars with two or more persons on board. In Spain, particulathe in
Madrid Autonomous community, PHEVs and BEVs can circulate with a single occupant

on BUS-VAO lanes.By contrast, Portugal has no such incentive.

Additionally, regarding accedo restricted areas implemented at the local level, Spain
and recently Portugal, have this type of incentive. However, in Norway, to our

knowledge, there is no such incentive.
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Last year, Norway started allowing Driver license class B to drive electigalass

C1 up to 4250 kg. This measure has not yet been adopted by Portugal arsbSaain

With regard to thepassenger cdleet owned byPublic Administration, Portugal has
created a program that assists the acquisition of BEVs and the instalfatbarging
points. This program is particularly interesting because it only allows financing for
vehicle purchasewith the scrap of a vehicle over 10 years old. It is about revoking the
fleet, but witha cleaner vehicles clause. To our knowledge, Norway &pain do not

have specific programs for the state fleet.

Finally, in reference to charging infrastructure, Norway has public funding to install
fastcharging point every 50 km on main roads and regulstamsociated with new
buildings and its parkingots and areas. In the case of Portugal, it also has incentive
programs for the charging infrastructure, named Mobi.E Program. In the case of Spain,
there does not seem to be an exclusive program for the charging infrastructure, but the
annual programs fimece a considerable percentage of the installation of the fast and slow
charging points.

In conclusion, incentives associated with electric mobility vary greatly between the
three representative countries. As can be seen, Norway has the greatest incentives
associated with the vehicle purchase but with tax benefits and not direct subsidies, since
it allows VAT exemption and ICEV vehicles are much more taxed in this country. In
addition, Norway uses several Reconomic incentives implemented at the local lleve
that increase the advantages of this type of vehicle. It is also the country that has the most

benefits of this type compared to the rest.

Portugal and Spain have more or less the same type of economic aeconomic
incentives. Although, Portugal bdite companies more by allowing exemption from
autonomous taxation and VAT deduction, unlike Spain which does not have any VAT
measure. In addition, Portugal it has no benefit with regard to tolls in Spain it has only in

the autonomous region of Catalonia.

As opposed to Norway, Portugal and Spain have a measure that Norway does not
adopt, relating to a direct purchase subsidy implemented annually. It should be noted that
Spain offers a much higher subsidy, also including PHEVs. Portugal offers a timid
subsdy just for BEVs. This seems to be in keeping with the autasg et al. (2019)
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who claim that the countries that have a large preponderance of the automobile industry
use strongly tis kind of policy industry, also benefiting PHEVS, which areyérid
technology with a conventional part vehicle partCE. Consequently, Portugal and
Norway distinguish more the acquisition incentives for BEVs, compared to PHEVs
paralleled to Spain.
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4.3.CHAPTER GNCLUSIONS

As we have seen with tltemparisorand analysis of policy instruments implemented
on EV promotion, between Norway, Portugahd Spain, noteworthy differences occur
in terms of kind, varietyand availability of economic and n@tonomic incentives
adopted athe national and local level Please note that all these European countries
benefited from an international and supranational level pressure theENgpomotion,
even when the countries are tt,dUE Member States but partthie European Economic

Area, as Norway.

Indeed, in ordr to accomplish a more widespread EV adoption is important to
implement combined policy support with a mix of policy instruments. These policy
instruments havanimpact on EV market shares and consequently on EV shéine in

total passenger car fleet.

In fact, economic incentives as purchase subsidies and tax benefits may offer an initial
stimulus to purchase an EV instead of ICEV. In this manner, Norway has great incentives
for the acquisition of BEVs such as exemption from import, registradioth VAT and
tax benefits for PHEVs. Portugal is in an intermediate situation with exemption from
registration tax and benefits associated with VAT for comparded Public
Administrationfor BEVs. Once again, BEVs are much more benefited in these countries,
compaed to PHEVswhich gained only reductions on acquisition taxes. In this case,
Spain also provides an exemption from registration tax, however it is subject to both
BEVs and PHEVs.

In addition, Portugal and Spain offer direct purchase subsidies annualtiiefo
acquisition of BEVs, but in the case of Spain at a much higher value and also including
PHEVs but with a lower selling pric&his seems to indicate that the countries where the
automotive industry is more relevant, purchase subsidies exidtaresuperior, still

benefiting hybrid technologidsPHEVs- that partially include ICE engise

Furthermore, Norway and Portugal, as opplos® Spain, have more measures
associated exclusively with the promotion of the electric fleet in companies, since they
represent a significant part of the total vehicle fleet. Particularly, the last Spanish annual
incentive program Moves Plan 2019required the scrapping of a vehicle over 10 years
old in the owner's property for at least 12 months to receive the gershhsidy, which

made it difficult for companies that have their fleet mostly in the leasing regime.
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As regards the recurring economic incentives associated with vehicle use, such as the
annual circulation/road tax, Norway offers an equal minimum payfoer8EVS and
PHEVs and in the case of Spain and Portugal, PHEVs pay the same as an ICE vehicle,
while BEVs are exempt in Portugal and pay a residual value in Spain. It should be noted
that this tax in Spain is defined at the local level and thereforesvdrastically at the

national level, as we took the autonomous community of Madrid as an example.

Finally, when considering the n@tonomic incentives that are associated with the
use of vehicles and that increase the EV proposition over time, theguakyuefined
at the local level. These are complementary to tax benefits implemerntexhational
level, reinforcing national EV support policiégyain, Norway has a wider range of local
incentives, such as discounts or exemptions for toll roadsede municipal parking,
access to bus lanemnd even the fact that a driver license class B altfwsng electric
vans class C1 up to 4250 kg. Portugal and Spain have far fewer initiatives of this type,

but allow EVs to access areas with restrictadfitr in their capitals.

Regarding charging infrastructuréhe national governance level should support a
sufficient deployment of the network. Norway and Portugal have specific programs for
the charging network, while Spain benefits from annual progtareacourage electric
mobility. Nevertheless, national governments should emphasize dgongerspective
as Norway and not focus on shtetm instruments such as annual programs implemented

each year by Portugal and Spain.

One other important facton EV penetration is the automotive industry dominance
or not, illustrated here by Spaamd Norwayp sase, because their lobbying groups can
complicate the EV promotion and jeopardize the collaboration between actors.
Consequetty, some national measures can be coptmuctive, since are supporting

these industry interests.

In summarythe collaboration between national and local agents, car manufactures,
importers, electricity producers, grid operatarsfundamental, as haween happening

in Norway on EV promaotion.
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CHAPTER 5 - IMPACT SON GOVERNMENT REVEN UE WITH INCREASED
EV PENETRATION IN TH E PASSENGER CAR FLEET IN SPAIN

As we have seen in Chapter Agrisport taxes differ across means of transportation,
commercial or personal esof vehicle, energy efficiencyand other environment
performances and represeatsignificant part of government reven®ECD/IEA,
20193.

Habitually, governments colleotvenue from three tax bases: road uséjcle and
energy use. First, road use is associated with highway tolls, congestion ¢hangers
cordon price$ Secondlythe vehicle is relatedo registration and/or annual circulation

taxes.

Finally, theenergy use is linketb fuel taxes. Normallythese taxes are calculated by
theapplication of taxes added to the petrol or diesel price. Alternatively, other countries
subsidize oibased fuels. Regarding the EVs, the majority of countries tax electricity use,
instead of subsidizing (DECD/IEA, 2019

Although the consequences of the EV transition have already been explored in several
areas, such as environmental, technological, economic or employment, the fiscal
dimension has been the least developed sonfiaite fuel, registrationand circulation

taxes arerucialto the SpanisiCar Taxation StructuréSanz and Ventosa, 2019

The actual vehicle taxation system is concentrated on the asset (car) and not in its use
(km), resultingin the encouragement of personal ownership andeleetion of vehicle
models based on extreme uses. Consequently, people are buying much larger and higher

emitting vehicles than they need for their daily tfpsansport&Environment, 2019

As stated iINOECD/IEA (2019a) when EV and charging infrastructure maturity
grows, public policies should be adjusted, especially fuel and vehioés and their
contribution to government revenue. If not done so, government revenue may be at risk.
These revenues are important to guarathteavailability of funding for the development
and maintenance of transport infrastructure. As previousiyn se Chapter 4, this
challenge can already be noticed in Norway. Therefore, in subchapter 5.1., we will briefly

address the reason why passenger cars are taxed and where revenues are directed.

8 Vary across geographical area and time of day.
% For example: regulation of access to urban centerstidthpplication of fees.
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I n other words, I fasunseu am a0 cemado, anhiglaer zeésb u s i nes
and lowemission vehicles market penetration in the total fleet of passenger cars would
result in a net decline taxes collected. Thus, the main objective of this chapter is to
quantify the impact of different levels of EXiarketpendration on car tax collection in

Spain, maintaining the current taxation.

The ideal would have been to carry out this analysis for the three representative
countries, but for reasons of time and data limitation, we concentrate only on Spain, the

analyzed ountry with the least penetration of BEVS.

Consequentlysection5.2. starts with a section dedicated to current taxation schemes
(2019/2020) our fiscal modet associated with road transport in Spain. In this section,
an attempt is made to understane thtal taxes collected over the useful life of a car by
a powertrain system, divided into two moments: at the time of purchase and when using
the vehicle. It should be noted that we only performed the analysis for petrol and diesel
ICEVs, PHEVs and BEVs.The main objective of this subchapter is to understand the

different levels of tax collection throughout the different powertrains.

Afterward, in section5.3., we try to understand the possible tax collection loss
associated with different BEV market paad¢ions over time, namely in the 20&the
horizon. For this, we use a simulation model of the evolution of the Spanish car fleet
between 2018 and 2050 built Basado (2020)ith three possible penetration scenarios:
100% BEYV sales in 2040, 50% BEYV sales in 2G¢@ 0% BEYV sales.

To be more specific, a simulation analysis of government revenues on passenger car
fleet by powertrain in Spain ayearly basis until 2050 is don@. each of the penetration
scenarios, we maintain the current car tax regime and try to understand when the BEV
penetration will create challenges in terms of total taxes collected. Lastly, we compared
the values obtained from the tax collection for oundbgeari 2018- with the actual

values provided bACEA (2020a) to understand the limitations of our data.

Finally, insection5.4., for the scenarios that admit BEV market penetration, a change
in the electricity taxatei based on electricity consumed made to see if the losses of
the Government revenue can be mitigated with an increase of thistéalt should ke
noted that this tax in Spain is currently between 5%, while the fuel tax is around 35% for
petrol and 30% for dieséfutobild.es, 2020
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5.1. CAR TAXATIONROLE

As we have seen @hapter 3, mobility is fundamentalrfour society, peopée well-
being and economy. Nevertheless, transport is also responsible for some external effects,
namely negative externalit®sillustrated inFigure 5-1, as GHG emissionsJocal air
pollution, noise,human healthexternal energgependency; vehicular congestion (time
delay and extra fuel consumptiorgnd traffic congestion. Additionally, this sector
demands the construction, maintenance, and managing of transport infrastvuaichre

IS extremely costly.

Figure5-1 - Road Transport Negative Externalities
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Source: Own elaboratiohased orLamjon (2012)

At thesame time, these negative externalities and infrastructure costs are not paid by
transport users, since thegnot take into account these costs in their economic decisions.
Therefore, as emphasized BE{C (2019e) policy intervention is required in order to
internalize the negative externalities and infrastructure costs, increasing the transport

system efficiency.

Recently, governments af@&cing another challenge, regarding the implementation of
Apol-payeod apay dsiawsemrinciples defended
jurisdictioni European Union, pressure by International vertical [évéhited Nations.

In contrast, there is a tendsnof heterogeneity in national car fiscal measures in Europe,

since road vehicle taxation is a responsibility of eachiMember State.

10 Costs to society not reflected in the prices that people pay.

by
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In an effort to achieve harmonizatiaghe EU created some guidelines, as well as best
practices for passenger car taga{EC, 2013. Car taxes are all the taxes associated with
ownership and vehicle usage, as well as infrastructure amk were estimated to
represent 3.5% of global GOPECD/IEA, 2019

On the other hand, car taxes are compulsory and unrequited payments collected by
the national and local governmeniAs defend byEC (2019e) taxes are unrequited
payments, since the benefits offered by governments are not perceived in the same

proportion to taxpayers.

Indeed, the tax revenues typically go to a general budget or more simply are targeted
for specific purposes. Consequentlyr taxation allows the funding of infrastructure
deployment and maintenance and+amo related projec{A\CEA, 2020g.

Additionally, car taxation influences citizeéddecisions about vehicle acquisition and
usage and can discourage the behavior thatsgige to negative externalitiegs

previouslyreferred(Adam and Stroud, 20)9

Nonetheless, car taxation is a significant revenue sourdddd@uropean Member
States(EC, 2013, especially the fuel taxes, which are also subject to VAT. For this
reason, increasg ICEV fuel efficiency and EV market penetration is challenging the
current taxation model, because BEVs are-tarfive-times more efficiert than ICEV

and are zero tailpipe emissions of local pollutants.

This is particularly relevargince the currenmbad transport taxation is focusedtbe
registration phase and recurring annual fees related to vehicle usage and if we maintain
car taxation static, this will result in net car taxes decline, as EVs are subject to lower

charges per Km compared with ICEV

The current EV low taxation is particularly problematic, sir€¥s are also
responsible for negative externalitiems shown inFigure 5-2. Nevertheless, it is

unquestionable that electromobilitjay alleviate some of these negative effects

11 A car will be more efficient the less energy it consumes to carry out the same work, in this case, travel

a distance of 100 km. To compare with ICEV must be expressed in the same energy units, in joule (J), or
megajoule (MJ). It is important to note thanlike the internal combustion engine, the electric vehicle is
less efficient on highwayMOTORPASION. 2012Hablemos de eficiencia: coche de combustién vs coche
eléctrico [Online]. Available: https://www.motorpasion.com/cochabridosalternaivos/hablemosie-
eficienciacochede-combustiorvs-cocheelectrico [Accessed 14.06 2020].
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(Wangsness et al., 20R@oncerning trade balancgr{ce electricity is produced normally
with domestic sourcgsnoise,business investments, employmedrgalthcare costsand
GHG emissions highlighted in green and exacerbated othestressed in reth Figure
5.2

However,asemphasizedby Lamjon (2012) GHG emissions antbcal airpollution
significant reduction require a nepolluting energy source, as renewable electricity
production It is valuable to note that not all European countries rely only orkitidsof

energysource, buthetendency is a progressive move away from oil.

Figure5-2 - EV Negative Externalities
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Additionally, EVs involve a major transformation the infrastructure network,
regarding battery charging and switching in the network and human capital, concerning

EV repair and maintenance.

EVs are exacerbating other road transport negative externabisestated by
Wangsness et al. (2020¥gardingvehicular congestion. The bus laakowance, EV
parking charges and toll road exemptinarnreconomic EV incentiv&givennormallyby
local government, create more traffic congestion during peak lamagrcrowaehg on
public transportphenome thas happening already in Norwain Oslo city.Thus, these

authors defend a tradf exists between climate goals and welfare maximation.

In brief, the EV transition is nojust an environmeat issue, but also an economic
and social challenge, sinceefenew zereemissiorvehicles will not solve all the external

costs of driving and especially traffic congestam infrastructure network problem.
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OECDI/IEA (2019a)Adam and Stroud (2019and Transport&Environment (2019)
defend a adoption oflong-term solutions for car taxation created by the transition
towards zereemission vehicles, which includes revenue stability in dang negative
externalities managemerdnd impementation simplicity before technological change

percolate through the entire car fleet.

If nothing is done, car tax revenue will be reduced dramatically and citizens will have
low-tax car expectationslowever, it is important to have in mititat thistax break can
be offset by Government savings related to the reduction of negative externalities

associated with EVgompared to ICEVs. However, this is not done in our study

Hence, national governments could:
- Implement higher taxes acar purchas or ownership;

- Replace fuel taxes to alternative fuels, such as electricity, as apply to petrol and
diesel nowadays. This is especially challenging since electricity used for a car should
havea higher tax rate than other household us@sl most EV consumg&charge their

vehicles at home. This will be made for Spain in sectioh 5.

In summary, governments are facing a problematic todijlesince in the long time
horizon, lowemissions vehicles should be taxed to maintain some disvegmelated
to negative externalities of driving (as congestion and infrastructure maintesaahce
charging adaptatignand in the short run, governments want to encourage the energy
transition and these low taxes on low emission vehalea common wayn Europe to
do that.
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5.2. CAR TAX COLLECTION BY POWERTRAIN SYSTEMS (PETROL AND
DIESEL ICEVS, BEVSAND PHEVS)

In this section, an attempt is made to understand the total taxes collected over the
useful life of a car by a powertrain system, divideth itwo moments: at the time of
purchase and when using the vehicle. It should be noted that we only performed the

analysis for petrol and diesel ICEVs, PHE¥Bed BEVspowertrain systems.

The main objective of this subchapter is to understandififerent levels of tax
collection throughout the different powertra@chnologiesnd to achieve the annual tax
value per moment our fiscal model and to carry out aimulation of Spanish Car
Taxation evolution from 2028050, maintaining 2019/2020xks, in next sectiont is
important to highlight thaSanz and Ventosa (2018pnducted a studfpcused on car
taxation related to EVs and the historical evolutioreath car tax. Thus, our greatest

contribution is to quantify the losses of government revenue for the future.

In order to do this, we calculate the taxes that are collected at the time of vehicle
purchase and those that are recurrittge annual costs tihthe end of the vehicle's life.
Valuable to note that company car taxation is not considered here for simplification
purposes. However, it was not possible to include all taxes and charges associated, but
we believe the main ones are incluqddble 51). More specifically, our vehicle use
calculation does not include revenues collected from toll roads, feandsmunicipal

parking.

Table5-1 - Different Car taation on vehicle purchase and its use

Vehicle Purchase Vehicle Use (per year)
Registration Tax Circulation Tax
VAT (21%) Fuel Tax + VAT on fuel
Individual Purchase Subsidy Electricity Tax + VAT on Electricity

Source: Own elaboration
With this in mind, some hypotheses had to be created, intordenplify the context.

Our assumptions in our model are:

1 Volkswagen Golf 2020 is the car model for the different powertrains in the entire

Spanish car fledfTable 5-2). This car model was chosen by analogy to previous
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studies aDECD/IEA (2018a)and ICCT (2018) since it encompass various
types of powertrain systems (combustion and electric), is thesblisig car in
Europe and symbolizes a good middle point in the average consumer market with

regard of price and size.

Table5-27 Different Golf models per each powertrain system: ICEV petrol, diesel, P&EMBEV.

Fuel Electricity
Volkswagen | Powertrain | Horse | Engine Electri | Consumptio | Consumptio .
] c n n Emissions
Golf system Power | Size
Range
L/100 km | kWh/100km
Volkswagen
1
Golf Last | ICE (Petrol)) ~0 %V | 15 ; 56 ; 126 g/km
" (96 kW)
Edition
Volkswagen ICE 115cv
Golf Last . 1.6 - 5 - 131 g/km
Edit (Diesel) (85
ition KW)
Volkswagen 150 cv
Golf GTE PHEV 1.4 | 40 km 2 13,6 45 g/km
(petrol) (kw)
Volkswagen 136 cv
9 BEVs (100 - | 275km ; 15,4 0 g/km
e-Golf Kw)

Source: Own elaboration based ofVolkwagen.ES, 2020cVolkwagen.ES, Z®d Volkwagen.ES, 2020b
Volkwagen.ES, 2020a

As can be seen ihable 52, we considered the car manufacturieiolkswageni
configurations throughout our study. As we are analyzing a vehicle purcha80,
consumption an@d O emissions are calculated based on the official EU test procedure
called the Worldwide Harmonized Light Vehicle Test Proce@eTP), which is more
realistic than the previous model New European Driving C{NEDC), replacel in
January 2019These values are relevant since the offidial figure is the basis for car
tax calculation. However, car tax will be calculated until April 2020 based on NEDC test
results or will be 'NEDC equivalent' calculated from the WIL(AR, 2018). Thus, the

emissions considered in the calculation of taxes are underestifnated

12 According to AA. 2018. Official fuel consumption figuregOnline]. Automobile Association
Developments. Available: https://lwww.theaa.com/drivatyice/fuelsenvironment/officialfuel-
comrsumptionfigures [Accessed 14.06 2020NEDC does not properly represent modern driving patterns
or vehicle performance. It was created in 1970 and does not take into accerorditioning, lights,



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE 107

Nevertheless, some differences should be expected, even with this new official EU
test procedure WLTP, since laboratory tests do n@produce completely the driving
styles, road (changes in traffignd weather conditions experienced inwgatld (AA,

20138.

However, in our study, we are considering values based on WASTWe saw earlier,

even thesealues are also underestimated, but by far less than NEDC tests.

f We assumed an expected car usefutiife Spain of 18 years to be aligned with
Casado (2020imulation modeling used in the next subchapter 5.3. However, it
is important to highlight the difference between thebcaseful life and the
average age of the Spanish car fleet.
Since the average age of the Spanish car fleet is about 12 years in the first years
of the simulation model and ends up being 15 years. Therefore, thisisalue
aligned with reality, since the awage age of passenger cars in Spain was of 12,4
years in 2018Autoalan, 2021

1 Car prices and taxes dretweer2019 and 2020:

I. Car prices

Car prices were colleetl in May 2020 regarding prices of the same year
(VolkwagenES, 2020¢Volkwagen.ES, 202Qd/olkwagen.ES, 202Qb/olkwagen.ES,
20203 (Table 5-3).

Table5-3 - Different Golf sale price per each powertrain system: ICEV petrol, diesel, P&HENBEV.

ICEV petrol IC.:EV PHEVs BEVs
diesel

Sale price before
taxes 18 23319 89135 52( 2760 . O

Source: Own elaboration based ofVolkwagen.ES, 2020cVolkwagen.ES, Z®d Volkwagen.ES, 2020b
Volkwagen.ES, 2020a

electrical loads and passengers or other loadsddition, NEDC is only short in duration and dominated
by periods of idling and low engine load and briefly reaches highways speed.
13 Estimation of the number of years that a car is likely to remain in service.
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ii. Car Taxes

a. Value Added Tax- Impuesto sobre el Valor Aiadidd1%71 applied to most
of thegoods and services that are bought and sold for use or consumption in
Spain(Table 54). This data was provided ®CEA (2019)

Table5-4 - VAT share in Spain.

VAT

21%

Source:(ACEA, 2019

b. Registration TaxT Impuesto especial sobre determinados medios de transporte
(Impuesto de matriculacidii is a percentage tiie sale price before taxes for the
respective car model plus VAT (21%}t is implemented in aad valorem*way
(Sanz and Ventosa, 2019t is collected atthe local level (autonomous
communities)and this percentage varies according to g/Knd af emissions
(calculated based on NEDC(Clable 55). It should be noted that the autonomous
communities in Spain can adapt these percentagets,we consider the
percentages recamended by the national government. This tax data was taken

from Diariomotor (2019)

As can be seen iifable 55 below, BEVs and PHEVs do not pay any
registration tax, since their emissions aelow 120 g/km ob 0. It is valuable to
highlight that this 120 g/km a@f U emissions requirement allows 70% passenger
cars registered in Spain not to pay this tax, since most recent ICEV vehicles emit
less 0 O (Autobild.es, 2020 Thus, tamtion obtained in 2017 for this tax
represented 36% of thiaas beembtained in 2008Sanz and Ventosa, 2019

Alternatively, we considdr O emissiondased otWLTP (Table 5-2) of our
selected car modgl which areaboveto the previous requirement, which can

create an overestimation in our mqaa@hce this tax is calculated based on NEDC

14 |s a tax based on the assessed value of an item.
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Our petrol and diesel vehicles with emissions between 121 and 159 gékm of

pay a tax that corresponds to 4.75% of the sale price plus VAT

Table5-5 - Different registration tax shares accordingGo0d emission level

Registration tax F F Emissions (NEDC)
0% Until 120 g/km of6 0
4,75% Between 121 and 159 g/km o@f0
9,75% Between 160 and 199 g/km o@f0
14,75% Above 200 g/km dé& 0

Source:(Diariomotor, 2019

Atthesame ti me, Spain has an additional

passenger caiACEA, 2020a. However, we do not consider this value in our
analysis.

c. Individual purchase subsidiesare given to electric vehicles as the ones of
Moves 2019 Planthe latest Spanish electric mobility incentive progiaimn %00
forBEVsand 26 0 0 U f o (Autdbild.Es2019)As a matter of fact, we are
not considering t he ddbgteecar manufacturerndre 0 1
the requirement to have a vehicle scrappage over 10 years old that has been in its
possession for at least 12 months.

d. Circulation Tax - Impuesto sobre Vehiculos de Traccion Mecanica (IVTigl)
an annual tax collected at the local legrmunicipal level)and therefore differs
across Spair(Table 56). It is calculated based ocaballos fiscalesi Tax
horsepowerThus, we selected thaxes collected by Madrid, which is the capital
of the country Thereforewe consider that the circulation tax is the same for all
other counties Additionally, Sanz and ¥ntosa (2019¥tated that Madrid and
Barcelona, in 2017, accounted for more than 50%efSpanish passenger car

fleet. The values were collected Dieselogasolina (2020)

Table 5-6 - Different circulation tax according tthe powertrain systeni Example ofthe autonomous
community of Madrid

ICEV petrol | ICEV diesel PHEVs BEVs

Circulation a 59 a 59 a 59 a 14,

Tax

Source: Own elaboration based (ieselogasolina, 2020
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As you can see iitable 56, petrol and diesel ICEVs pakd same amount as
PHEVs. However, BEVs pay 25% of this amount.

e. Fuel Tax - Impuesto especial sobre hidrocarbuiiogs the tax charged for each
petrol or diesel liter consumed. To simplify the calculation of this tax, we consider
the price of petrol and diekover the life of the car as the same as on Jandary 1
2019. These data were obtained throAgiEA (2019)

However, it ismportant to emphasize agahat this tax is 35% for petrol and
30% for diese(Autobild.es, 202p

As you can see iffable 57, we have the product cost, plus the taxes that
correspond to the fuel tax and the asseda/AT per liter for petrol and diesel.
Fuel taxes represent about 60% of the fuel sale price. Since we have to add the
VAT - 21%- previously mentioned.

Additionally, the cost (othe product plus distribution profit) of diesel is
higher thanpetrol butdiesel paydewertaxes. Making diesel cheaper per liter
compaedto petrol

Table5-7 - Fuel Taxes and price on Januar§, 2019

Fuel Taxes Cost of Excise | VAT | ua/ January 1st
product plus and (21%) L 2019
distribution other

profit taxes
Petrol 0,54 0,470,211, 2
Diesel 0,59 0,380,201, 1

Source: Own elaboration based ORCEA, 2019

f. Electricity Tax - Impuesto Especial sobre la Electricidai$ the tax per kWh
consumed. Corresponds to a percentafie.11269632% on the electricity
household pric€Table 5-8). It is important to highlight that the electricity tax
was obtained frorBanz (2016and electricity household price was collected from
Statista (2018)Again, to simplify the calculation, we consider that the electricity
household price will remaiconstant throughout the life of the vehicle at the value
of the first semester of 2018. It should be noted that the price of electricity is
higher for households than for industrial actividowever, asSanz and Ventosa
(2019)refer, EVs ardikely subjected to a lower price per kWh than domestic

consumers, but like us, these authors were unable to obtain data
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Table5-8 - Electricity Tax and electricity household price thve 1st semester 2018.

Electricity thereof Electricity thereof Total Electricity Electricity
household | Electricity | household price| VAT per | household price per Tax
price per | Tax per per kWh kWh kWh (including all

kWh kWh (without VAT) taxes and VAT)
(without
any taxes)
0,187 0, 00¢ 0,1969 0,041 0, 2383 |5112696329

Source: Own elaboration based 8anz (2016and Statista (2018)

As you can see, there is a big gap between the percentage ofditected
between electricity and fuel.
Please note that we do not take into account in our model, the Electricity Tax
collected orelectricitygeneratiori Impuestasdore el valor de la produccion de
la energia eléctricalt is an 7%ad valoremtax. Additionally, we also do not
consider tax relatetb nuclear power generaticimpuesto sobre la produccion
de combustible nucleanuclearwaste management taxiImpuesto sobre la
produccion de combustible nuclear gastado y residuos radiactivakaetes de
la generacion de energia nucleoeléctrenad nuclearstorage management tax
Impuesto sobre el almacenamiento de combustible nuclear gastado y residuos
radiactivos en instalaciones centralizadas

1 To calculate the taxes associated with vehislage that is related with fuel and
electricity, we assumed the average kilometers made over the Idar afata
provided byINE (2008) Note that the life of the car has been divided into three
categories: i) Vehicles from O to 4 years; ii) \U@&s from 5 to 10 years; iii)
Vehicles from 11 to 20 years;
As you can see ifiable 59, cars with the fewest years of life are the ones that
travel most average kilometers (km) per year and as we consider the useful life of

a car of 18 years, the firftree columns are the ones that interest us.

Table5-9 - Average km traveled per year

. Vehicles Vehicles Vehicles
Vehicles from 0
Km per year from5to 10 | from11to | from21to | Average
to 4 years
years 20 years 50years
TOTAL 13 889,5 12 784,1 9729,9 7891,8 11 073,8

Source: Own elaboration based @GhE, 2009.
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For simplification purposes, we consider that all powertrdathe same average

km per year. However, for future work, it would be useful to differentiate between
the different powertrains, since EVs curreritipvelfewer kilometers, but in the
future they could do the same as ICEVs.

Thus, this hypothesis largelhinders the penetration of new powertrain
technologies, since these technologies have lower operating and maintenance
costs than ICE technology and the future mighttravelmorekilometers

In addition, another limitation of our model is not to differate thekm made on
highways where fuel consumption is lower and the kilometers traveled in urban

areas that require a higher fuel consumption.
Afterward, the exposure of the results obtained in this initial analysis begins.
a. Car tax collection per powetrain system on purchase moment

Table 510 shows a systematization of the car tax collection associated with the car
purchase moment in the different powertrain systems. As you can see, the taxes collected
at this time are associated with the registrationand VAT. These taxes considered are
from 2019 and 2020, but we assume that they remain constant for 18 years, that is,

throughout the life of the vehicle.

Regarding the registration tax, BEVs and PHEVs are exempt due toltheir
emissions below 120 g/km. However, petrol and diesel ICEVs are subject to a percentage
- 4,75%- of the sales price plus VAT, due to its emissions between 121 and 159 g / km

of 0 0.

With respect to VAT, Spain has no incentive associated with thi§ texefore, all
powertrain systems pay 21% of the sale price before tax plus registration tax. It should be
noted that here, PHEVs and BEVs pay more due to their higher sale price. This trend will
be reversed in the future, since EVs will have an increbsiager selling price, due to
technological innovations and economies of scale associated with batteries. Thus, when

we add these two taxes, we realize Government collects at purchase moment more or

less the same value in ICEV petrol and diesel an¥ BE appr ox@Gnat el vy

However, PHEVs pay al most 04 7 500, due to

l
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Table5-10- Car tax collected on purchase moment in Spain for ICEV petrol and diesel, P&EVBEVS.

Vehicle Puchase

Policy Tax collection ICEV ICEV PHEVs BEVs
Instruments petrol diesel
Sale price befor¢ 1 8 2 3 119 891,99 35 520,00 27 460,00
taxes a a a
Impuesto de + 1 111]121301 - -
matriculacion | Registration tak a
Impuesto sobre + 4 06 2|4432,05| 7459,20|5 766
el Valor Afadido| VAT (21%)** a a
Sale price after] 2 3 4 0 125 537,05 42 979,20 33 226,60
taxes a a a
Without subsidy| Taxes collected| 5 1 7 4| 5645,06| 7459,20|5 766
per car sold (1) a a
MOVES Plan Individual - - 2600,00|5 500
2019 Purchase a
Subsidy
TOTAL - - ? ?
purchase subsid
budget
With subsidy | Taxes collected| 5 1 7 4| 5645,06| 4859,20| 2 6 6, ¢
per car sold (2) a a

Source: Own elaboration

On the other hand, when we consider the individual purchase subsidy given to PHEVs
and BEVs as a cost to the Government at the time of purchase, we subtract from the
5000
per petrol and diesel ICEVs and PHEVs car sold. Nevertheless, BEVs only collect around
a 300 t he Thi s

with the increase in the BEVs market penetration.

registration tax and VAT. In this wathe Spanish government stillcolled b out 0

on pur chase moment . corresapd

In brief, the Spanish Governmerbllects more or less the same amount of taxes on
the purchase moment between ICEV petrol and diesel and BEVs. However, PHEVs are
the vehicles that collethe majority of taxesdue to their considerably higher sale price.

However, this scenario changeghenwe areconsidering the incentives given by the
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MOVES 2019 Plan an individual purchase subsidy, which represents a cost to the State.
Thus, ICEV petrol, diesend PHEVs collect more or less the same taxes, while BEVs

pay a residual amount.

It is important to consider that these individual purchase subsidy incentives are given
by annual programs that are not very constant over time, have a maximum budget per
year, and therefore may or may not exist. In addition, the trend is for BEVs and PHEVs
to hawe lower costs and later to match the sale price of ICEVs. Therefore, when we have
to consider the taxes collectedla purchase moment, we will not consider the subsidy

given.

b. Car tax collection per powertrain system on vehicle use

With regard to catax related to vehiclasagewhichis costs that are repeated every
year or monthly, we consider the circulation tax, fuel tax, electricity aax the

associated VAT paid per year

To start with the circulation tax, it was decided to selectcttyeof Madrid, as an
example for the entire national territory. As you can see, ICEV petrol and diesel pay
annually as much tax as PHEVs. However, BEVs pay a residual vahlmut 25% of

the remaining powertrain systems.

To calculate fuel taxes, we had tourg out the totdiuel liters consumed per year, in
order to the average kilometer traveled per year defined previously pgpeaetirain
So, we had to calculate it for vehicles aged @ears; between-50 yearsand lastly
between 1420 years. Althoul, in our studyonly a lifetime of 18 years is considered for

a light passenger vehicle.

To calculate the total liters consumed per year, we divide the average total of
kilometers per vehicle agd &ble 59) per 100 km and then multiply by the number of
liters of fuel consumption on average for each 100 km travélelol€ 52). It should be
noted that these average fuel and electricity consumption per 100 km were obtained
through the car manufacturétowever, as emphasized Banz and Ventosa (2019
the case of EVs, the energy consumption also depends on the type of charging made, that
is, whether it is slow, senfast or fast, this differentiation was not carried out in our

model.
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All things considered, petrol cars are the ones that cdleamajority of fuel taxes,
followed by diesel cars and lastly PHEVs. In addition, there is also a small difference
between the ewer cars thatlo the most kilometers and the oldest ones with the least

kilometers traveled per year. Consequently, VAT on fuel is also higher for petrol cars.

In addition, it was also necessary to carry out a similar procedure to fuel taxes to arrive
atthe electricity tax obtained over a year. We divide the average total of kilometers per
vehicle age Table 59) per 100 km and then multiply by the number of electricity

consumption on average for each 100 km traveledble 511).

Table5-11 - Car tax collected on vehicle use in Spain for ICEV petrol and diesel, PHEVs and BEVs.

Vehicle Use (per year)

Tax collectlon BEVs

Vehicle age ICEV ICEV PHEVs
etrol dlesel

Clrculatlon tax | Entire lifetime , 59, | 59,0( 14, 7
- Impuesto sobr
Vehiculos de
Traccion
Mecénica
(IVTM)
Fuel tax - 0-4 years 367, (263, 4 131, 3 -
'mP!JeIStOb 5-10years | 338, 4 242, 4 120, & -
especial sobre
hidprocarburos 11-20years | 257, 4184, 3 91,9 -
VAT on fuel - 0- 4 years 164, ¢141,9 58,9 -
'mpule\ftfl) sobré™ 5. 10years | 151, { 130, § 54, 2 -
el Valor
Afadido 11-20years | 115,41 99,4 41, 2 -
Electricity tax - 0- 4 years - - 18, 1( 20, 4
- 'mpuleStg | 5-10years - - 16, 6| 18, 8
special sobre
P eetiodad | 11-20years i i 12,6 14, 3
VAT on 0-4 years - - 78, 1] 88, 4
IEIectn;:lty -b 5-10 years - - 71,9 81, 4
mpuesto sobre
el Valor 11- 20 years - - 54,71 61, 9
Anadido

Source: Own elaboration

Thus, when looking at electricity taxesTable 511, we see that the total taxes are
not very different between PHEVs and BEVs, since they have similar consumption per
100 km. This tax also reflects the difference in mileage achieved by vehicles in their

different stages of aging. In addition, EVs are nedfieient when compared to ICEVSs.
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In conclusion, conventional vehicles continue to pay more taxes during its use
compared to electric vehicles. In addition, EVs are more eredfigyent, and electricity

is proportionally much less taxed.

Now, in Table 5-12, we see the totality of taxes paid at the time of purchase and in
the following years of use. Once again, the taxes collected on the purchase of the vehicle
are considered here: registration taxes and VAT, then with regard to the use of the vehicle,
the circulation tax is added, with the fuel tax, electricity tand the VAT associated with

each of them for each age category of vehicles.

Finally, in order to arrive at the total value collected over the lifetime of passearger
for each powertrain, éhtaxes collected on the purchase of the vehicle are added to the
taxes on vehicle use per year and these values are multiplied by the number of years
within the year§category. That is, the first category, vehicles betwedry@ars old are

4 years, thesecond is 6 years and the third is 8 years, assuming a car life of 18 years.

To sum up, petrol and diesel | CEVs and PH
000 during its lifetime. On the other hand, BEVs allow a collection of around half the
value whencompared with other powertrain systein§ 6 8 0, 21 (. The situ

worse if we take into account the subsidy offered in 2019 for BEVs and PHEVSs.

It is important to note that another of the limitations of our model is the consideration
of only four povertrains. However, the main powertrains of ICEV vehicles and EVs were

selected in our model.

Now, in the next subchapter, we will consider these tax values obtained for 2019 and
2020 for a simulation modeling of the passenger car fleet evolution, keb&girigxes

constant over time for three different BEV market penetration scenarios.
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Table5-12 - Car tax collected during its useful life in Spain for ICEV petrol and diesel, PHEMSBEVs.
Vehicle age ICEV ICEV PHEVs BEVs  Years

petrol diesel
on Year O 5174,30| 5645,06| 7459,20|5 766 -
Purchase a a a
moment

on O-4years | 591, (464, |345, 123, 7 4
Vehicle
Use

5-10years| 549, 1431, {322, 115,04 6

11-20years| 432, | 342, {259, 91, 0] 8

Average 524 ,1412, {309, 109, 9 18
years

Car Taxes |14 293,46 12 835,62 12854227 680
collected on a a a
Expected
Car Life (18
years)

Source: Own elaboration
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5.3. CAR TAX COLLECTIONON A YEARLY BASIS UNTIL 2050 WITH THREE
BEV MARKET PENETRATION SCENARIOS

As we have seen in the previous subchapter, BEVs pay about half of the taxes over
its lifetime, compared tdhe other three powertrain systejrend can still receive a

considerable subsidy, which is considered an extra charge for the government.

In this subchapter, we intend to understand the impact of different BEVs market
penetration levels in 2050 on government revenue on a yearly basigimagtaxation

as we know it today.

To understand the behavior of the Spanish fleet of passenger cars until 2050, we used
three possible scenarios for the BEV market penetration, using a simulation model built

by Professor Andrés Diego Diaz Casado.

1 Radical BEV penetration: @6 BEV sales in 2040;
1 Intermediate BEV penetration: 50% BEV sales in 2040;
1 No BEV penetration: 0% BEV sales in 2035.

These scenarios were built based on the statement made by the Spanish government
in 2019 that in 2040 all car salshould be 100% ZEYSpain, 201% It is important to
highlight that ZEVis zercemission vehicles and we considered here only the pure
batterypowered electric vehiclesBEVs. Therefore, we used this scenario and then

othertwo more conservative

In this subchapter, we intend to answer these questions: How much will be the tax
reduction in the 100% / 50% / 0% BEV sales scenarios for 2086 fhaintain taxation
as we know it today? How will the Spanish passenger car fleet be characterized by the

2050 horizon in the three different scenarios?

In order to answer these questions, in secti8rL5.we analyze the evolution of the
Spanish car #8et, its car sales (equivalent to the new car registratiamd)ts scrappage.
In section 53.2., we examine the evolution of tax collection per year from 2018 to 2050
in each scenario, dividing them into purchase moment and vehicle usage., Fmally
section 53.3, we compare our taxes in 2018 with actual taxes from 2019/2020 with real
values availablen ACEA (2020a)
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5.3.1. Spanish Passenger car evolution in three scenarios

To answer these questions, we begin by analyzing the evolution of the passenger car
fleet in Spain per year, as well as the new registrations and scrappagesvehitie
three different scenarios.

In addition, the model considers: petrol and diesel ICEHRG (Liquefied Petroleum
Gas) diesel NGV (Natural Gas vehicl®@EV, PHEV, and also HE\powertrain systems
However, we will only examine the values of petrol and diesel ICEVs and BEVs and

PHEVs, becase they are the relevant powertrains for our analysis.

It is important to remind that for simplification of the model, we consider that PHEVs
sales in all scenarios would be 0%, in order to better capture the BEVs market penetration
effects and not of hyll technology.

5.3.1.1. Spanish Passenger car evolution

As can be seen in the first scengfiagure 5-3), 100% BEV sales in 2040, the total
passenger car fleet in Spain remained more or less constant from 2018 to 2050. Thus, the

Spanish fleet consistd approximately 25 million cars (black line).

Figure 5-3 - Spanish Passenger car fleet evolution from 220807 100% BEV sales in 2040 scenario

Spanish Passenger car fledi00% BEV sales in 2040
30 000 000
25 000 000
20 000 000

15 000 000

10 000 000
5000 000
0

Total number of passenger cars

20182020202220242026202820302032203420362038204020422044204620482050
Years

= Dijesel

Battery Electric Vehicles

= P|ug-in Hybrid Electric Vehicles

Source: Own elaboration

While in early 2018, the car fleet was mostly composed of diesel vehicles (red line),
followed by petrol (orange line), the electric vehicles (BEVs + PHEVs) were residual
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until 2026. But then, BEVs (green line) began to increase their penetration im tleetca
until 2035, when BEVs matched petrol and diesel vehicles and even exceeded it, with a

BEV stock of around 8 million cars. In 2050, around 20 million cars were BEVs.

At the same time, ICEV contingd¢o decline until 2050and in 2037 petrol will
outperform diesel vehicleseversing the results of the promotion policies of vehicles that
use diesel from the 90s (Sanz and Ventosa, 261®ally, in 2050, ICEVsvasresidual
in the fleet, representing petrol ICEVs around 2,5 million cars and dieselsi@gdut

1,5 million cars.

As can be seen in the graph in figur8,3?HEVs (blue line) remain almost ntrtbm

2018 until 2050, since their sales are zero.

In the second scenario more conservativigure 5-4), 50% BEV salesn 204Q the
volume of theSpanish passenger car fleet remains constant at approximately 25 million

from 2018 to 2050 (black lineyvhich isin line with the previous scenario.

Figure 5-4 - Spanish Passeer car fleet evolution from 20180507 50% BEV sales in 2040 scenario

Spanish Passenger car fle&0% BEV sales in 2040
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= Diesel Battery Electric Vehicles
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Source: Own elaboration

Unlike the first scenario, the BEV (green line) stock will only match petrol and diesel
ICEV in 2043, 8 years later than the first model, with approximately 8 million cars each.
BEVs gdart to be representative in the fleet from 2028 and in 2050 they reach 10 million

cars.
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Additionally, the drop in petrol (orange line) and diesel (red line) ICEV stock will be
less abrupt, causing these vehicles to represent each one around 7 million2€&3
and not2,5 and 1,5 milon as the previouscenario Note that in 208, diesel vehicles
were the majority of powertrain car stock, however this stock will apprpattol
progressively, as previously seen. It should be noted that diesel vetiitlesly match

petrol vehicles later in this scenario around 2033.

In the third scenarigFigure 5-5), which is highly conservative, as it considers no
BEV sales between 2018 and 208t stock of passenger cars (black line) in Spain also
remairs constam with approximately 25 million cars, as previously seen in the last two

graphs.

This model also starts with the preponderance of diesel vehicles, compared to other
powertrains. However, their reduction will approach petrol ICEV stock in 2035. In 2050,
petol vehicles will outnumber diesel vehicles with approximately 12 million cars and

diesel vehicles with 11.5 million.

As there will be no BEV sales in this scenario, its stock (green line) in 2050 will be

residual, as PHEVSs.
Figure 5-5 - Spanish Passenger car fleet evolution from 220807 0 % BEV sales in 2040 scenario

Spanish Passenger car fle@% BEV sales in 2040
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Source: Own elaboration
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In brief, the stock of passenger cars in Spain will remain at approximately 25 million
cars in the thre®EV scenariosAdditionally, in all scenarios, exists a diesel ICEV

preponderance over ICEV petrol and this difference has been overcome around 2030.

With regard to BEVs, they outperform ICEVs in the first scenario in 2035 and in the
second scenario in 284 8 years later, corresponding in 2050, respectively to 20 and 10
million car stock. The third scenario assumes that there wilodbBEV sales. In both
scenarios, PHEVs remain residual, since in this model we intend to understand the impact

of BEVs on G®vernment revenue.

5.3.1.2. Spanish New Car Registrations evolution

Regarding the new car registrations, which normally represent annual sales, the three
scenarios offer different characteristittds valuable to note th&asado (2020$panish
Passenger Car Fleet simulatimodeling has new car registrations per year not steady,
but oscillating, due to the starting point of the tieezies. Therefore, in order to provide
a flatten pathway, we use a Moving Averdlymov. Avg.) 2 period Exceltool to smooth

out peaks and valleys atmlbe able to recognized trendsour graphs.

In the first scenarigFigure 5-6), the new car registrations start to be mostly petrol
ICEVs in 2018, but between 2019 and 2032, diesel ICEV will surpass the new petrol
registrations. In addition, between BAand 2050, there is a reduction in new car

registrations in Spain associated with ICEVs.

However, in 2023, the new BEV registrations will increase considerably until 2028,
when they surpass the petrol and diesel ICEV new registrations. From 2028 onewards,
BEYV registrations will grow dramatically until they reach 100% new car registrations in

2040. Becoming the only powertrain in the new registrations until 2050.
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Figure 5-6 - Spanish New car registrations evolution per powertrain system from208&i 100 % BEV sales in
2040 scenario

Spanish New Car Registratiori90% BEV sales in 2040
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Source: Own elaboration

With regard to the second scenaffitigure 5-7), there is a preponderance of diesel
ICEV new registrations in relation to petrol, which has grown over time, especially since
2031, as previously seen tine lastsection The reduction in new ICEV registrations is
greater between 2018 and 2030, remaimiingost constant thereafter until 2050.

With regard to BEVs, they remain residual between 2018 and 2022, starting to grow
rapidly until 2032. Note that the new records of BEVs surpass the ICEV in 2030 and
remain almost constant from 2088wards Asin 2040, new BEYV registrations represent

50% of the total new passenger car registrations in Spain.

Contrary to the previous scenario, there are still sales of ICEV vehicles that have
remained more or less constant since 2032 and thus, BEVs do not dominagevthe n

registrations.
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Figure5-7 - Spanish New car registrations evolution per powertrain system from208@& 50 % BEV sales in 2040
scenario

Spanish New Car Registratiori®% BEV sales in 2040

1500 000
—_—
1000 000

500 000 &
0

20182020202220242026202820302032203420362038204020422044204620482050

Years
Mov. Avg. (TOTAL)

Total number of new car
registrations

= P|ug-in Hybrid Electric Vehicles

Mov. Avg. (Petrol) Mov. Avg. (Diesel)

Mov. Avg. (Battery Electric Vehicles)

Source: Own elaboration

In the last scenari@Figure 5-8), as previously mentioned, there are no new
registration of BEVs, as well as PHEVs, between 2018 and 2050. As in the previous
scenarios, starts with preponderance diesel ICEVs and then they approach petrol ICEV

registrations, keeping almost constangiotime.

Figure 5-8 - Spanish New car registrations evolution per powertrain system from208@& 0 % BEV sales in 2040
scenario
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According to what was realized in the three previous graphs, the pace of new BEV
registrations varies radically, betweBEV scenariosand between 2018 and 2050. In
addition, the new diesel car registrations will approximate the values of petrol ICEVS in

the three models.
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5.3.1.3. Spanish Cé&crappagevolution

Finally, with regard to the Spanish car scrappage betweeh &t 2050, there is

also a variance in the three scenarios.

In the first scenarian Figure 5-9, most scraped cars are diesel ICEMsntil 2045,
when they equal the value of petrol ICEVs. It should be noted that in this scenario, the
scrappage of the BEVs begins to be representative in 2030 and exceeds petrol and diesel
ICEVs scrappage in 2045, with the majority being from then on. ddnsbe explained
by the preponderance of BEVs in sales since 2040.

Figure 5-9 - Spanish Car Scrappages evolution per powertrain system from2ZIB 100 % BEV sales in 2040
scenario
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In the second scenariBjgure 5-10, most scrappage car is concentrabeddiesel
ICEVs, followed by petrol ICEVS, as previously perceivethilast scenario. The BEVs
scrappage becomes relevant in 2031 and surpasses petrol ICEV scrappstfe and®
diesel in 2049. The same occurred in the previous scenario, but the BEV scrappage was
much higher in the first case, since in the second scenario it only exceeded, but was close

to the values of the ICEV scrappage.
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Figure 5-10 - Spanish Car Scrappages evolution per powertrain system fromZIBB 50 % BEV sales in 2040
scenario
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As previously mentioned, as there was no sale of BEVs in the last scenario, they are
not daughtered eithefFigure 5-11). Thus, in this scenario there is also a predominance

of the slaughter of diesel vehicles but remains close to the valpesrofivehicles

Figure 5-11 - Spanish Car Scrappages evolution per powertrain system fromZIB® 0 % BEV sales in 2040
scenario
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All things considered, scrappage cars reflect the evolution of sales in previous years,
which is why there is greater diesahicles scrappage in both scenarios. In addition, in
the first scenario, we see a strong predominance of BEV vehicles in thend(s the
second scenario, BEVs only surpass ICEV without departing from them. Finally, in the

last scenario, BEV vehicleseaalmost not scrapped, since thee¥eno BEV sales.
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5.3.2. Spanish Car Tax Evolution in three BEV scenarios

After analyzing the passenger car fleet structure evolution in Spain for the three
different scenarios, the analysis of the impact of this ahamgthe total tax collection
begins.

It should be noted that the values of the car tax used were obtained based on the values
of the previous subchapter25As you can see, taxes were only obtained for petrol and
diesel ICEVs, BEVsand PHEVspowertrainsystemsAlthough other powertrains are
relevant, our analysis will only focus on thdmeause they are the main powertrains for
ICEV and EV. Therefore, one of the limitations of our model is to consider only these

four powertrains and ignore the otlozes.

Thus, to get the car tax associated with cars, we divide the tax by the time of vehicle

purchase and its use (recurring taxes), as earlier emphasized.

As identified inTable 5-13 below, the purchase moment is equivalent to the new
registrations and the use of the vehicle is associated with the car passenger fleet.
Consequently, for each scenario, we multiply these tax values respectively by the

registrations and the fleet in thespective powertrain

Table5-13-Individual tax collected per powertrain system on vehicle purchase moment and use

Vehicle ICEV ICEV

PHEVs BEVs

age petrol diesel
on 5645,06| 7 459,20 New Car
Purchase 0 5 174 L L 5 766 . .
u u Registrations
moment
on Vehicle 018 |524. 1412, 309.] 1009, Carpassenge
Use Fleet

Source: Own elaboration

As can be seen in the previous table, it is expected that the major fluctuations will be
in the vehicle use category, since it is here that there is a greater reduction in tax
collection, since the tax collected at the time of purchase are more or less identical over
the different powertrains. Especially because these three scenarios consider the new
registrations of PHEVs to be null over time and therefore we cannot understand the
impact of the taxation over PHEV$his was done to understand the impact of BEVs
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penetration in the Spanish car fleet, simee2019,Spain declared that it intended tirat
2040 its car sales would be ZEV and for {ftatvould have to be only the BEVs sales.

5.3.2.1100% BEV sales in 2040

As expected there was a reduction in the total tax collection associated with passenger
cars in Spain (black line) in the first BEV radicaksario(Figure 5-12). As we are
analyzing the scenario that assumes that all new registrations will be BEVs in 2040, the
tax collected with the use of the vehitteexperiencing a substantial fgirange line)

when compared to the evolution of the takected with the new registrationsijeline).

Perhaps these results would be different if we consider an increase in the new
registrations of PHEVS, since this powertrain has a much higher purchase price and this
is reflected in the taxes collectedthre new registrations.

Thus, this drop in tax collection is mainly due to the result of a drop in tax collection
associated with the use of the vehicle (orange line) and not in purchase moment (blue
line). However, as we saw in the previous chapter, rgosernment initiatives are
focused on the vehicle purchase and not on use. These results were also obtained because
we are not considering the impact of cash purchase subsidies given by Spain on the EV

purchase.

Figure5-12 - Spanish Car Tax collection evolution from 2€A@50- 100% BEV Scenario
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As we showed earlier, tigreatchange in car tax collection is associated with taxes

collected over the vehicle life, so it is worth analyzing the evolution of these vehicle usage

tax collected by each powertrains system overtime.
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As can be seen iRigure 5-13, the drop in total tax dlected over time associated
with the use of the vehicle (black line) suffers a sharp drop associated with the drop in
taxes collected by ICEV petrol and diesel (orange and red line) across time. However,
from 2030onwards BEVs begin to increase their dobution to this tax (green line),
associated with the increase in market share. By contrast, as BEVs pay considerably less
tax than ICEVSs, increasing their market share does not glle@overnment to maintain

the same level of tax collection and revenu

Figure 5-13 - Spanish Car Tax (vehicle use) collection per powertrain system evolution fror2@528100% BEV
Scenario
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After analyzing the effect of BEV market penetration on vehicle usage tax collected
over time, it is worthwhile to understand the tax behavior (purchase and use) collected

over time bythe powertrain system.

As you can see iRigure 5-14, there is a reddion in the total tax collected per year
in the entire fleet, considering all powertrainfCEVs and EVs (black line). This drop
reflects the reductions in tax collection associated pétinoland diesel vehicles (orange
and red line) scrappage and ne®\BregistrationsHowever, here the increase in tax

collection associated with BEVs begins in 2024 and exceeds ICEVs in 2030.

It is clear then that the effect of BEV market penetration on the fleet begins to be
seen even befoneaching 100% of sales. iBhis because every time an ICEV car was

scraqped, it was replaced by a vieBEVcl e paying
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Figure5-14 - Spanish Car Tax (vehicle purchase and usdliection per powertrain system evolution from 22050
- 100% BEV Scenario
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5.3.2.250% BEYV sales in 2040

The same analysis will be done as in the previous section, but for a different scenario,
when the new registrations after 2040 are 50% BEBggreviously seen iRigure 5-13,
thetotal tax collected during the vehicle purchase and usagessaffeeak (black line).
However, as can be seenhkigure 5-15, this drop is not as sharp as that one of 100%
BEV scenario. This drop is mainly due txéa associated with the use of the vehicle
(orange line), since the taxes collected on the purchase of the vehicle remain almost
constant (blue line) over time, consistent with the results obtained for the previous

scenario.

Figure5-15 - Spanish Car Tax collection evolution from 2€A@50- 50% BEV Scenario
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Consequently, it is important to understand the reason why the taxes associated with
the use of the vehicle suffered suchrapd Therefore, it is fundamental to analyze the tax

data collected during vehicle usagethgpowertrain.

As you are able to see Higure 5-16 below, there is also a drop in taxes associated
with the vehicle usage (black line) over time. Unlike the previous scenario in which the
drop in ICEV is exponential because sales are 100% BEVs, here the tax drop is much
smaller because there are still mdCEVs that pay much more taxes than BEVs

proportionately.

At the same time, there is a slower reduction in the tax collection associated with the
petrol and diesel ICEVs (orange and red line). However, petrol ICEVs end up surpassing

diesel ICEVs in taxallection.

On the other hand, BEVs are beginning to be relevant to the tribulation in this category
from 2032 onwards, but never exceed ICEVs, because their contribution is very small as

mentioned above.

Figure 5-16 - Spanish Car Tax (vehicle use) collection per powertrain system evolution fror2@828 50% BEV
Scenario
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In Figure 5-17, different results can be seen, although there is a less pronounced drop
in taxes collected byhe total powertrain fleet (black line). However, the fall in taxes
collected associated with ICEVs (orange and red line) is smaller and is never surpassed

by BEVs (green line), contrary to the previous scenario. Thus, although there has been an
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increasen tax collection associated with BEVs since 2026, they cannot overcome the
collection of ICEVsbecause they pay much less although at that moment they represent

50% of sales.

Figure5-17 - Spanish Car Tax (vehicle purchase and use) collection per powertrain system evolution fre202018
- 50% BEV Scenario
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To summarize, as we have realized in these two previous scenarios that admit

different BEV market pegtration rhythms, the drop in total car tax collected is the result

of taxes related to the use of the vehicle.

This can be explained because petrol and
per year, whil & 0® , BHEXxesrplaed wwehigldusage. This means
that with higher BEV market penetration, more ICEV were scrapped and therefore less
tax collection was obt ai n&&71lredldiiansn,taxesach BE

collected on vehicle usage per year.

5.3.2.30% BEYV sales in 2040

Finally, in the last scenario, 0% BEV sales, we se€igure 5-18, that car tax
collection remains constant (black line) over time, even when wezatakes associated
with vehicle usage (orange line). This can be explained because there B&aY sale
and therefore, no BEV market penetration.
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Figure 5-18 - Spanish Car Tax collection evolution from 2€A@50- 0% BEV Scenario
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This is a continuous trend in taxation level oveejmsince remains constant when
we face the values collected by each powertrain awehicle use categoiFigure 5-
19).

Figure 5-19 - Spanish Car Tax (vehicle use) collection per powertrain system evolution fror22528 0% BEV
Scenario
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And the same happens when we are facing the total tax collection (purchase and use),
Figure 5-20, since the values do not suffer major changes, due to the maintenance of the

current scenario of the Spanish car fleet.
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Figure5-20- Spanish Car Tax (vehicle purchase and wsdlpction per powertrain system evolution from 2@050
- 50% BEV Scenario
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Now, that we have analyzed the different levels of tax collection obtained over the

three scenarios, we will compare them.

5.3.2.4.Comparisorof resultsfrom different scenarios
Whenwe see the total tax (vehicle purchase and use) collected pemgktor each
BEV penetration scenariave realize that the values are maintained until 2030, but then

the values change according to the degree of Bievietratior(Figure 5-21).

Figure5-21 - Spanish Car Tax collection evolution from 2€A@60 in the three different BEV scenarios

> Spanish Car Tax Collection evolution for each BEV scenario
- from 20182050
20 000 000 000
" iso0o00000 T —
10000 000 000
2 5000 000 000
- 0
20182020202220242026202820302032203420362038204020422044204620482050

Years

Mov. Avg. (100% BEYV sales in 2648)- Mov. Avg (50% BEYV sales in 2040)
Mov. Avg.(0% BEV sales)

Source Own elaboration

This can be explainedecause until 2030, there were not enough BEVs in the
passenger car fleet to translate a tax break, representing about 13% of market in the first
scenario, 7% in the secgrahd 0% in the third in 2030.
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First, in theradical scenario of electric mobiligromotion (green line), 100% BEV
sales in 2040, we see that it is the scenario that offers a higher break in the car tax
collection. This is because greater BEV market penetration requires greater ICEV

scrappage. This is clear from 2030 onwards.

In the irntermediate situation with a penetration of 50% BEV sales in 2040 (yellow
line), the total tax break between 2030 and 2&&0ower but bigger than in the scenario

where we do not have BEVs.

Finally, when we cam#o cross with the more conservatiseenario (red line) with
0% BEV sales, the tax collection associated with automobiles remains more or less

constant over time.

Table 5-14 below shows the total tax (vehicle purchase and usage) collection
breakdown between 2018 and 2050 for the three dosndt is noticed that in the
scenario 100% BEYV sales in 2040 there is a drop of 38%, 19% for the scenario of 50%

BEV sales in 2040and for the scenario without BEVs a decrease of 5%.

Table5-14 - Total CarTax Collection Losses between 2018 and 2050 for the three BEV scenarios

The Annual
_ Variation | Average
Scenarios 2018 2050 | between | Break in

2050 and | total Tax
2018 Collection

Total Car | 100% BEV sales 11 288 -38% -1,24%
Tax in 2040 6158 8 2
Collection :
(vehicle 50% BEV sales ir 8 2 14 768 -19% -0.28%
purchase 2040 f— 6207 7 3
and usage) 504 BEV sales in 17 328 5% | 0,08%
2040 3019 89

Source: Own elaboration

Therefore, it is important to realize if this tax collection break allowed a BEV
penetration(Figure 5-22). Thus,in scenaripwhere there was a higher tax break (100%
BEV sales) has a greater BEV market penetration, higher than 80% in 2050. The
intermediate scenarioyellow linei has in 20506 41% of the Spanish car fleet, while in

the third scenariered linei 0% BEV markeshare.
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Figure 5-22 - Spanish BEV Market share evolution from 2@050 in the three different BEV scenarios
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In brief, in scenarios where there was a greater tax break in 2050, compared to 2018,
there is a greater BEV market penetration. Now, we will compare the values obtained in
the taxation of our base yga2018- with the real values AACEA (2020a)o understand

the tax data limitations.

5.3.3. Tax data Limitations

As seen earlier, the base year of the simulatiodel is 2018~hile we areusing tax
values from 2019/2020. However, sgch values are quite stahlege could compare
them with the value®btained in our datavith ACEA (2020a) in order to better
understand thenodel limitationampact(Table 5-15).

As previously mentioned, our model is a simplification of reality and therefore has
limitations that culminate in difference of 11.97 billion euros in the taxes collected by

Spain associated with its passenger car fleet in 2018.

One of the main reasons for this difference is the annual number of new car
registrations considered i@asado (2020jmodel are not in line with the real ones,
availablein DGT (2018)
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Table5-15 - Tax dataLimitation

In bil i
2018 ACEA Our Difference
2020 values
VAT on vehicle sales, 5,00 5, 60| 0, 60|Considered only
servicing, repair, and parts Sales
Sales and Registration 0,50/ 1, 53| 1, 03]|Considered only
taxes registration tax

Annual Ownership Taxes 2,90 1,42 -1, 48 Considered

Fuel and lubricants 20, 8 9, 67| -11, 1|WithVATon
fuel

Other driving license fees 0,10 - -0, 1 0| No considered

Insurance taxes - - - No considered

Tolls - - - No considered

Customs duties - - - No considered

Other taxes 0,70 - -0 , 7 0] No considered

TOTAL Spanish Car Tax 30,0| 18, 2| 11, 7
in 2018

Source: Own elaboration

Anotherreason for this difference is that for the tax collection formulas in our model,
it is only taken into account four powertrains, although they are the main ones for ICEV
and EVs. Therefore, there is always a residual amount of powertrains that are not

collecting taxes on our model and that are actually doing so.
On a more detailed level, we can see:

1. VAT of 5.6 billion euros obtained, took only into account sales and is
therefore overestimatedAdditionally, the annual number of new car
registrations considered @asado (2020inodel is not the same as the real
ones in 2018 available DGT (2018) which may explain this trend. Another
possible explanation might be duethe Volkswagen Golf model considered
for the entire fleet, while in reality could have on average cheaper models in

new car registrations in 2018.
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2. This trend seems to be in line witkegistration taxes which are also
overestimated,again thedifference n the annual number of new car
registrations considered Ghsado (2020nodel andGT (2018)may explain
this tendencyln addition, the average price of cars in 2018 for new car

registrationsnaybelower than Golf in Spain.

Another possible explanation is that new Spanish car registrations may have
an average ob 0 emissions below 120 g/km, being exempt from this tax
unlike our ICEVs Golf modelsyhich has higher emissioffsalculated based

and therefore are subject to registration tax.

To make matters worse, the emissions considered in the calculation of taxes
until April 2020 are obtained through the previouscuakdtion method
(NEDC), that underestimates emissions even more than the new calculation
model (WLTP), which was what we took into account, as car manufacturers
should provide emissions based on WLTP, since January PhiE9seems to

be the most plausible justification for our overestimation.

Furthermore, our model does not consider the registration fee, which
represents a Government revenue of

indicating an even stronger overestimatdrthis value.

3. The annual ownership taxes or circulation taxesare underestimated,
indicating that thecity of Madrid has lower taxation than other local
authoritiesTherefore, since Madrid and Barcelona, in 2017, had over 50% of
the car fleet, for futle studies it would be important tio the average the

taxes collected by these two cities.

4. However, the biggest underestimation of our model is associated withe¢he
tax, which shows under 50% ¢tifie value stated irACEA (2020a) This is
mostly associated with the possible underestimation of fuel consumption
announced by the car manufactuievolkswagen- or even of the averag
kilometer traveled per yeaince the INE values are for 2008. In addition, we
considered fuel prices for 2019 and not 2018, which may have been higher

than those defined in the modahd fuel prices are not constant over time.
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5. On the other hand, we ditbt take into account taxes collected from driving

licenses and other fees.

It should be noted that although this model is not truly consistent with reality, it allows
us to understand the impact that BEVs create on the Government revenues associated
with the Spanish car fleet, maintaining taxation as it is today. Therefore, the model fulfills

its main objective, which is providing the overall tendencies.

Now, that we understand the limitation of the 2019/2020 tax data obtained, in
subchapter 5.3., we ttg understand if by changing the electricity tax rate, we can reduce
thecar tax collectiorbreakdowracrosgime with higher BEVs market penetration. This
is potentially relevant, as previously identified in chapt&rl5.the majority of the tax
contracton was due to vehicle usage, which in our model is influenced by the value of
electricity tax, VAT on electricityand circulation tayreviously seen in section 52s
the fuel tax rate represents 30% of the cost per liter of petrol and 35% in toé diasel,
while the electricity tax is 5%, we believe it could be relevant, since the fuel category is

where Spain collects the most of their caatéon
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5.4. CHANGE IN ELECTRICITY TAX RATE TO DECREASE LOSSES OF CAR
TAXATION WITH HIGHER BEV MARKET PENETRATION

As previously mentioned isection5.1., passenger cars are taxed not only to promote
the infrastructure creation and maintenance but to internalize part of the negative

externalities.

Electric vehicles are not free from negative externalities, although they have less than
conventional CEV powertrains. Thus, BEVs do not erait pollution, GHG emissias
and noiseduring their circulation, but they are subject to accidents, they cotdtit
traffic congestionand also need the transport infrastructure and the creation of public

charging infrastructure, especially the fast one for more distant travels.

Therefore, the low taxation used to promote its penetration into the passerilget car
has to be adapted before consunaeeexpected to maintain their current taxatiorha

long-term.

In this subchapter, we will see Vfith a change itheelectricity taxrate we are able
to maintain the same level of taxation over time in @a&narios which admit electric
mobility penetration. It should be noted that this increase in electti@kyrateis
potentially problematic because unlike fuels, electricity is used widely in households and
if we increase taxes only for EVs, these velscee often charged at home. In addition,
the industrial activity has access to a lower electricity per kWh, compared with

households in Spain, creating additional social and equity chadlenge

As you can see, electricity taxation has not yet been adipteléctric transportation
and national tax rates wawidely between European countri@sansport&Environment,
2019. Consequently, electricity is taxed at much lower tax rate (5,11269632%) than fuel
(petrol - 35% and diesel 30%). This is particularly relevant, since Fuel Taxes the
main source of car taxation revenue in most European coufitakke 5-16), accounting
in Spain for around 20,80 of 30 billion euros in 2018 estimatedl@iyA (2020a) This

is particularly problematisinceEVs eliminate most of this source of income.
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Table5-16 - National Government revenue from car taxatiotheEU

AT BE DE DK ES Fl FR GR IE IT NL PT SE UK
(€bn) | (Ebn) | (Ebn) | (DKKbn) | (Ebn) | (Ebn) | (Ebn) | (Ebn) | (€bn) | (€bn) | (€bn) | (Ebn) | (SEKbn) (€ bn)
Purchase or transfer 2017 2018 2018 2018 2018 2018 2018 2019 2019 2018 2019 2019 2019 2018/2019*
1.VAT on vehicle 3.1 7.4 31.3 - 5.0 17 18.5 03 0.7 18.6 1.2 4.5 25.0 125
sales, servicing,
repair & parts
2. Sales & 0.5 0.5 - 20.7 0.5 1.0 23 03 1.0 1.8 22 0.7 - -
regisiration taxes
3. Annual ownership 2.4 17 9.0 9.9 29 12 0.9 12 0.9 6.8 4.3 07 13.9 6.5
I 4. Fuels & lubricants 54 8.8 aMna 17.5 208 3.9 428 56 3.5 37.8 10.4 35 45.0 28.0
Driving license fees = 0.0 0.2 - 0.1 = - = 0.0 - 0.3 = - =
Insurance taxes 0.4 1.0 5.3 15 - 04 5.1 - 0.1 3.9 1.2 - 2.8 -
Tolls 21 0.7 57 0.5 - - 126 - - 22 0.2 0.2 27 -
Customs duties - - 02 - - - - - - - - - - -
Other taxes 0.4 07 - - 0.7 - 1.7 01 - 53 1.8 - - 15
TOTAL (national 14.3 20.7 93.4 50.1 30.0 8.1 839 74 6.2 76.3 215 9.6 89.4 48.1
c )
TOTAL (€)° 143 20.7 93.4 6.7 30.0 8.1 839 7.4 6.2 76.3 215 9.6 8.1 54.1
GRAND TOTAL = €440.4 billion

Source:ACEA (2020a)

However, we are not going to develop this problem in detail, btd trgderstand the
impact of the increase in electricity on the maintenance of car taxation in Spain between
2018 and 2050. As was emphasized in the previous subchapter, the scenario with the
highest BEV penetration is the one with the greatest loss of cairdiaxnthe vehicle
usage category over time and in 2050.

Indeed, the total annual tax break associated with the BEV penetration in the scenario
100% BEYV sales in 2040 is e88% in 2050, compared to 2018. This corresponds to an
average loss of 1,24 % pannum. In the case of the 50% BEV sales in 2040 scenario,
the total annual car taxation drop in 2050 compared to 2011®% while the average
tax break per year is 0.28%. Indeed, this car taxation break was mainly due to the category

of taxes associadewith the use of the vehicle.

To understand the impact of this change in electricity tax, we are going to look at the
current annual cost of supplying a vehicle with fuel and electricity, avillel tax of 35%
for petrol and 30% for diesel amah electicity tax of 5,11269632%Table 5-17).

As you can see in the Tablel57 , BEVs have the | owest oper
mainly associated with much lower taxatiorelectricity tax which influences VAT
level®. It should be noted that the amount paidédiarctricity is equivalent to the petrol
and diesel cost, emphasizing the household high cost of electricity in Spain when

compared to the rest of the European Urfleigure 5-23).

15 Electricity final price (after taxes) = (Electricity Price before taxes + Electricity Tax) x VAT (21%)



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE 142

Table5-17 - Current Annual Car Fuel and Electricity Cost
Vehicle age  ICEV petrol | ICEV diesel

Fuel Price 0- 4 years
(without taxes)
5-10 years
11- 20 years
Fuel tax - 0-4 years
Impuesto especia
sobre 5-10 years
hidrocarburos
11- 20 years
VAT on fuel - 0- 4 years
Impuesto sobre ¢
Valor Afiadido 5-10 years
11- 20 years
Electricity 0- 4 years
household price
5-10 years
11- 20 years
Electricity tax - 0- 4 years
Impuesto Especia
sobre la 5-10 years
Electricidad
11- 20 years
VAT on 0-4 years
Electricity -
Impuesto sobre 5- 10 years
el Valor Anadido
11- 20 years

Annual Car Fuel 0- 4 years 950, 6| 817, 8 789,6| 509, 7

or Electricity
Cost (plus taxes) 5-10 years 874,9 752,7 726, 8 469, 1

11- 20 years 665, 9 572, 9 553, 1] 357, 0

Average 830, 4 714,5 689, 8 445, 3

Source: Own elaboration
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Figure 5-23 - Electricity Prices (including taxes) for households consumers (2019)
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Thus, in order to maintain the car taxation over time, that is, an annual variation of
the total taxes collectddom 2018i 2050close to zero is necessahy.order to achieve
this, we built a model in excel, in which we analyze these variations farelift levels

of electricity tax

We noticed that a change in electricity tax from approximately 5% to 80% in 2025
onwards in the twBEV scenarios allows a reduction in the total annual tax collection of
about 5% compared to 2018 and an almostaenmalvariation in the total tax collected.

It should be noted that this rate could be lower if we consider, in our model, taxes on

electricity production which currently have a rate of 7%.

As can be seen in the following graph{Eggure 5-24 and 5-25), this new electricity
tax permits the maintenance of the total annual tax collected on vehicle usage in Spain.
This value can be explained based on the annual tax difference collected by the State in
the vehicle usage between powertrains (in section As2ye saw earlier, ICEV pays an
average of 0 468.65 in annual taxes associ
109, 94. So, each ICEV that is scrapped and replaced by a BEV represents an average
|l oss of 0 358.71 per year.
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Figure 5-24 - Effect of electricity Tax on vehicle usage tax collection 220%0- 100% BEV

©
? Effect of electricity tax change on vehicle usage tax
: collection20182050- 100% BEV
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Figure 5-25 - Effect of electricity Tax on vehicle usage tax collection 220%80- 50% BEV

o
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Source: Own elaboration

However, it is important to understand the impact of this increase in electricity tax on
the total cost of fueling the vehicle. Does the annual operating cost of the Biaihre
lower? As we can see ihable 5-18 below, the annual BEV operating cost remains
slightly cheaper than ICEV petrol, but it is more expensive than diesel ICEV.

In short, changing the electricity tax rate from approximately 5% to 80% solves the
problemof loss of taxation on BEVSs, but makes operating costs higher, reducing one of

BEVO6 main advantages.
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Table5-18 - Effect of a higher electricity tax on annual Car Fuel and Electricity Cost

Vehicle age  ICEV petrol | ICEV diesel ~ PHEVs
[ Fuel Price | 0-4 years 417 149, 2
(without taxes)
5-10 years
11- 20 years
Fuel tax - 0-4 years
Impuesto especial
sobre 5-10 years
hidrocarburos
11- 20 years
VAT on fuel - 0- 4 years
Impuesto sobre e
Valor Afadido 5-10 years
11- 20 years
Electricity 0-4 years 40
household price
5-10 years 325, 7| 368, 8
11- 20 years 247,9| 280, 7
Electricity tax - 0-4 years 283, 1| 320, 6
Impuesto Especid
sobre la 5-10 years 260, 6 295, 1
Electricidad
11- 20 years 198, 3 224, 6
VAT on 0-4 years 133,7 151, 4
Electricity -
|mpuest0 sobre el 5-10 years 123 , 1 139 , 4
Valor Afadido
11- 20 years 93, 72 106,120
Vehicle age ICEV petrol | ICEV diesel PHEVs BEVs
Annual Car Fuel 0-4 years 950, 6 817,81 110, 872, 8
or Electricity
Cost(p|ustaxes) 5'10years 874, 9 752, 7 1 021, 803, 4
11- 20 years 665, 9 572,9| 777,8| 611, 4
Average 830, 4| 714,5| 970, 0( 762, 5

Source: Own elaboration

Additionally, as defend bysanz and Ventosa (201%he EV taxation must be

changed, so that it can change consumer consumption habits -timesakspecially
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associated with the recharge time of vehicle, as well as the kind of charge, imoorder
avoid the consequences of sharp demand peaks in the local electricity distribution
networks.Thus, these authors suggest a change in taxes on electricity consumed and also
on the generation @d valorenshould be changed for a physical basidVh. Sanz and
Ventosa (2019also state that these electricity taxes should be basédioamissions,

to encourage the generation and consumption of electricity from releesmalyces.

At the same time, as emphasized Byansport&Environment (2019)and
(OECDI/IEA, 20194 in the longrun, electric mobility will require a shift to new road
financing models, as intelligent road pricing based ontkaweled and not ithe asset

(car), as the previous national and local tax model.
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5.5.CHAPTER CONCLUSIONS

In Chapter 5, we analyzed the current car taxation regime in Syaich is mainly
concentrated on the asset (car) and not in its use (km), resaltimgencouragement of

personal ownership and the selection of bigger and heavier vehicles.

Nowadays, car taxes are all the taxes associated with ownership and vehiclesusage, a
well as infrastructure usage. Additionally, this car tax revenue typically goes to a general
budget, which funds infrastructure deployment and maintenance arautmmelated

projects.

This government revenue is important since represents a significant source of income
from national and local governments. Indeed, car taxation intereadaee ofthe
negative externalities associated with transportatasnair pollution, greenhouse gas
emissions, noise, accidentand traffic congestion and funds the construction,
maintenance, and managing of transport infrastructure, which are not paid by transport

users, since they do not take into account these costs in their economic decisions.

With a higher EV market penetratiogpvernment revenue collected through car
taxationisatrisk,i f we mai nt-asus ual Db esair Asépaouslyc enar i c
seen, EVs do not solve all negative externalities retatadlividual mobility, especially
traffic congestion and infrastructure costs, axgcurrently subjected to lower taates

in order to promote the transition towards zensissionvehicles.

With a simulation model of the evolution of the passenger car fleet in Spain from
2018 to 2050yhich admits three different BEV market penetrations scenar@9%
BEV sales in 2040, 50% BEV sales in 2048d 0% BEV sales and maintaining the
current taxation, we conclude that the total car tax collection is more or less preserved
until 2030. In203Q starts a substantial annual drop that accompanies BEV penetration

growthin the passenger car fleet until 2050.

Therefore, in the scenario that admits 100% BEV sales in 2040, the fall in the total
taxes collected is 38% in 2050 compared to 2018ratite scenario of 50% BEV sales
in 2040are19%.

This can be explained, because this tax break happens modekspecially during

vehicle usage and not on purchase moment, since the Spanish Government collects more
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or less the same amount of taweshe purchase moment between ICEV petrol and diesel
and BEVs if we do not take into account the individual purchase subsidy given annually,

due to EV higher selling price, which allows for greater VAT collection.

In Spain,conventional vehicles continte pay more taxes during its usage compared
to EVs, especially becausd# the difference between Fuel t830% Petrol and 35%
Diesel)and Electricity tax5%) rate. This is particularly relevant, since Fuel Tathe
main source of car taxation revenueg@unting for around 20,80 of 30 billion eurios
2018estimated byACEA (2020a)

Spain, like most countries in the world, e yet adapted its electricity tax rate to
the new reality of electromobility"herefore, weehanged the electricity tax egah order
to reduce the breakdown in car tax collection over time with higher BEV market

penetration.

We noticed that a change electricity tax rate from approximately 5% to 80% in
2025 onwards for the two BEV scenarios allows a reducti@®%® inthe total annual
tax collection drop of about 5% compared to 2018 andmproximatelyzero annual
variation in the total tax collected.

Due to BEVs energy efficiency, we reached the conclusion that this would mean an
extremely higher percentage of taxation would be necessary to reach the taxations values
of ICEVS, Therefore, it is suggested that tHeagricity tax is a plausible way of having
higher revenues from these vehicles, however in order to not reach such an extreme
measure, with a higher market share of BEVs, other factors would need to be considered
as a way to raise government revenues fiaxeas on transportation, sinites electricity
tax rate increase makes the BEV operating costs higher, reducing one the main advantages
of buying a BEV.

In sum the growth in BEV market share means the ldagn stabilization of
transporirelated fiscarevenues cannot depend exclusively on marginal adjustments of
vehicle and fuel taxesndelectric mobility will require a shift to new road tax financing

models based on Km traveladd not on the asset.



ANALYSIS OF CURRENT PUBLIC POLICIES FOR ELECTRIC VEHICLES PROMOTION IN EUROPE 14¢

CHAPTER 6 - CONCLUSIONS

Currently, private car transport@unts for threguarters of all passenger mobility,
representing the | argest modadonsequenttyats of t he
transformation is particularly problematic, concerning tiet transport sector has a
significant contribution to national GDP, employment, national and lgocaérnment
revenue. Besides GHG emissions, no&®l local air pollution, road transport is also
responsible for dependence on foreign energy sources, corsprgmnergy securignd
for road safety issues.

EVs are perceived as best suited to reduce emissions frordlightehicles but
their diffusion is still dependein Government support since their market penetration in
passenger car fleet is residubhus, literature has focused on the role of public policies
in promoting the EV market penetration, given the current EV technological and cost

advances.

Transport policies are coming in complex packages and comprehending the nature of
their design is in@asingly important, creating mufiolicy, multiobjective and multi
instrument mixes. ThusRolicy mix literature seems pertinent to address this great
challenge, despite this theory has benefited from little attention by the transportation
literature snce has been widely used in the climate and energy fielthédransition of
thedecarbonized energy system.

The Policy mix is a concept undeonceptualized anchas an inconsistent
terminologybutin our studywe adopted the conceptliinagan et al. (201anhdRogge
and Reichardt (2016Wwhich defendhat policy mixes are more than just a combination
of policy instruments, since this concept also includes the dynamic processes of creation

and interaction of such instruments.

Although the policy mix concept has multiple components, we will focus on the
elements policy strategy and instrument mixand verticalgovernance dimensioithe
first Elementcomponents the Policy strategywhich providesthe direction given to
actions and decisions by policy objectives and pl#ns. valuable to notehat policy

objectives consigtf long-term environmental, sociadnd economic targets.
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The seconcElements component ithe instrument mixthat is the combination of
policy instruments, which are tools or techniques of governance adopted by a governing

body and can be called measures, programgolicies in the studge

Finally, the vertical governance dimension is compatible with the definition of the
modern state, where there is a dispersion of power, both upwards and downwards, since
governments operate on various scales of jurisdiction and in different areasfoider
vertical governance level is the existerafanternational, supranational, nationahd
local levek in public policies, whiclcancreate more conflictand coordination issues
between policy instruments and objectivegplemented by each verticgbvernance
level. This happens because certain vertical governments may promote some actions

without taking into account their impact on other elements of a policy mix.

Consequently, each vertical governateeel hasits policy objectives, which can
have something in common with the other jurisdictions, as well as different policy
objectives and preferences. For example, the international level is concerned with the
environmenal degradation and climate change and has bg@ng to promote sustainable
mobility, while the supranational level is also worriabout the previous policy
objectivespluse U6 s external dependency on i mported
and affordable energy to consumer$ie rational lewel tries to transpose European
measures into its national legislation but is more apprehensive with GDP and the level of

employment. Lastly, the local level is focused on increase urban livability.

In Chapter 2differentvertical governancdevels add additional challenges to EV
promotion associated with conflicééxd coordination problems policy objectivesand
consequently in the policy instruments implemented by each vertical governance level.
Therefore, each vertical governance level aasle in promoting electric mobility in

Europe.

We conclude that Paris Agreement on Climate CaamgiSustainable Development
Goalshelped by Sum4Alare the main forces behind the international level, pressuring
the Supranational (European Union fioe MemberStates and European Economic Area
for nonMember States) and national governance levels to act, fostering the electric

mobility in Chapter 3.
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In the second section of this chapter, we find thatEuropean Union is at the
forefront of the global transition towards a lowcarbon. Although, in 2018 Europe
represented the secotatgest electric car markethis leadership may be explained by
the definition of regulations, directives, targetnd industrial policies that should be
transposed into national legislation within defined deadlingthd®iuropean Union and
some of them byhe European Economic Area. The main areas of intervention to boost
electromobility are the vehicles, the chagiinfrastructureand energy. Thus, these

vertical governance levels provide the main guidelines for the national and local level.

In the last section, we discover thRuropean countries that are characterized by a
strong traditional automobile industaye those that are still lagging behind in electric
mobility since this industry creates extra challenges in coordination activitiesfacualt
the implementation of certain incentivéghis resistancecan be explained sindeV
penetration embodies arbe challenge to this conventional sector, requiring a redesign

of its value chain, investment prioritiemd technological choice.

Consequently, European countries were divided into three different clusters according
to the importance of the automobitelustry inc o u n GDPy(ldigh, medium, low) and
three representative countries from each cluster were selected to carry out an analysis in
Chapter4 of the initiatives carried out at national and local governance level. The selected

countries were SpaijfPortugal and Norway based on data availability.

The first cluster of European countries with high economic dependente of
Automobile industry is ltaracterized mostly by countries with low penetration of
renewable sources and with high energy dependence. All of these countries comply with
the EuropearAlternative Fuels Infrastructure Directivevhich are populous countries
with their citizens concerdted in urban areas that mainly use private transport for their
daily commuting. Therefore, they are more polluted and more traffic congested. Spain
was chosen asrepresentative country of this cluster, as it has a considerable tradition in
this industy (10% of GDP), but with the advantage of not hosting the headquarters of the
main car companies. In addition, it has an EV share of less than 1 percemtEvid a

market share of less than 2 percent.

The second cluster dturopeancountries isdescribedby an average automotive
industry (less than 9% of GDP) with an EV share of less than 1%, but with a market

share of more than 2% in some countries. In addition, they are countries that also comply
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with the EuropeaAlternative Fuels Infrastructure Direcéivand some of them use private
transportation for the daily commute, having an intermediate level of poll&tartugal
was selectedsarepresentative country, sinbas invested in electric mobilitgcently
and has & EV market share above 5 pertedespite itscertain dependency on the

Volkswagen Autoeuropa factary

Finally, the latter cluster is illustrated by countries with no tradition in the auto
industry, which consequently are also the leaders in electric mobility in Europe. It consists
of the Nordic countries and the Netherlands. These are the countries with the lowest
energy dependence and the highest penetration of renewable sources. However, a
sufficientcharging infrastructure deploymeméas not reackdso farand d@snot comply
with the EuropeanAlternative Fuels Infrastructure DirectivBlorway was the country
chosenfor being the leader afhe electromobility in Europe anthe Nordic region.
Besidesit has a network of varied policy instruments implemented shemid90s at

thenational and local leval

In Chapter 4we accomplish that for a more widespread EV adoption is important to
implement combined policy support with a mix of policy instruments. These policy
instruments havanimpact on EV market share and consequently on Earesin total

passenger car flegkdditionally, one key factor ithe national electricity price.

Norway has the greatest incentives associated with the vehicle purchase, but with tax
benefits and not direct subsidies since it allows registrégmmport dutytax, and VAT
exemptionand ICEV vehicles are much more taxed in this country. In addition, Norway
uses the majority of neaconomic incentives implemented at the local level that increase

the advantages of this type of vehicle.

Portugal and Spaihave more or less the same type of economic aneécmmmic
incentives, buPortugal and Spain have a measure that Norway does not adopt, relating
to a direct purchase subsidy implemented annually. It should be noted that Spain offers a
much highesubsidy, including PHEVandPortugal offers a timid subsidy just for BEVs
Thus Portugal and Norway distinguish more the acquisition incentives for BEVS,
compared to PHEVparalleled to Spain.

Consequentlyywe discover that national and local les/gle where the great European

EV market penetration disparity occurs, since it is where most of the direct policy
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instruments for consumers are implemented, despite all these European countries
benefited from an international and supranational level pretisatreelp EV promotion,
even when the countries are not biEmberstates but part of European Economic Area

T like Norway.

The existence ofhe autombile industry dominance or noh thec ount ryés GDP
relevance waslustrated here by Spain and Norvéagasebecause their lobbying groups
can complicate the EV promotioand jeopardize the collaboration between actors.
Consequently, some national measures can be gomtdactive, since are supporting
these industry interests. sum the collaboration between national and local agents, car
manufactures, importers, electricity producers, grid operators is fundamental, as have

been happening in Norway.

In Chapter 5we realize that the current framework of vehicle and fuel taxétioot
prepared for the individual road transport revolution, since are driving to an unsustainable
transport system characterized by personally owned cars powered by engines with high
negative externalities on socigsince is centered mainly on the asset (eag not on

thedriving distance.

Nowadays, car taxes are all the taxes associated with ownership and vehicle usage, as
well as infrastructure usage. Additionally, this car tax revenue typically goes to a general
budget, which funds infrastructudeployment and maintenance and +aamo related

projects.

This government revenue is important since represents a significant source of income
from national and local governments. Indeed, car taxation intereaiaae ofthe
negative externalities assated with transportation: as air pollution, greenhouse gas
emissions, noise, accidentand traffic congestion and funds the construction,
maintenance, and managing of transport infrastructure, which are not paid by transport

users, since they do not takéo account these costs in their economic decisions.

With a higher EV market penetratiogpvernment revenue collected through car
taxationisatrisk,i f we mai nt-asusual Db e air Asépmaouslycenar i c
seen, EVs do not solve all negatiexternalities relate individual mobility, especially
traffic congestion and infrastructure costs, but are currently subjected to lower tax rates

in order to promote the transition towards zensissionvehicles.
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With a simulation model of the evolah of the passenger car fleet in Spain from
2018 to 2050, which admits three different BEV market penetrations scenaf0%o
BEV sales in 2040, 50% BEV sales in 2048d 0% BEV sales and maintaining the
current taxation, we conclude that the total car tax collection is more or less preserved
until 2030. In 2030, starts a substantial annual drop that accompanies BEV penetration

growth in the passenger car fleet ugtb0.

Therefore, in the scenario that admits 100% BEV sales in 2040, the fall in the total
taxes collected is 38% in 2050 compared to 2018 and in the scenario of 50% BEV sales
in 2040are19%.

This can be explainedjncethis tax break happens in our debespecially during
vehicle usage and not on purchase moment, since the Spanish Government collects more
or less the same amount of taxes on the purchase moment between ICEV petrol and diesel
and BEVsif we do not take into account the individual pusdaubsidy given annually,

due to EV higher selling price, which allows for greater VAT collection.

In Spain,conventional vehicles continue to pay more taxes during its usage compared
to EVs, especially becausd the difference between Fuel tax (30% Betind 35%
Diesel) and Electricity tax (5%) raf€his is particularly relevant since Fuel Taxes are the
main source of car taxation revenue in most European countries and EVs almost eliminate

this source of Government revenue.

Spain, like most countries ithe world, has not yet adapted its electricity tax rate to
the new reality of electromobilityrherefore, weehanged the electricity tax rate in order
to reduce the breakdown in car tax collection over time with higher BEV market
penetrationF r o m (@3 708B05&in 2018 to

A 100% BEV Sales scenarioll 11 2882 6(1%%) and G4 17 65
(80% from 2025 onwards) in 2050

A 50%BEV Salesscenariol 14 776783 6250%) and 0 17 913
from 2025 onwards) in 2050

Due to BEVs energy efficiency, weoncludedthat this would mean an extremely
higher percentage of taxation would be necessary to reach the taxations values of ICEVSs.

Therefore, it is suggested that the electricity tax is a plausible way of having higher
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revenues from these vehicles, however in order to not reach such an extreme measure,

with a higher market share of BEVs, other factors would need to be considered as a way

to raise government revenues from taxes on transportation,tsisedectricity taxate

increase makes the BEV operating costs higgpen nual el ectricity cost
445,31 (5%) to u 762,58 (80%), while petrol
| CEV (0 7réddicing éhe the main advantages of buying a BEV.

In sum, growh in BEV market share means the lelegm stabilization of transpert
related fiscal revenues cannot depend exclusively on marginal adjustments of vehicle and
fuel taxes anélectric mobility will require a shift to new road tax financing models based

ondistance travednd not on the asset.
Researchlimitation s and suggestions forfuture wor k

In the first part of the study, it would be important for future studies to relate the
initiatives carried out athe Supranational level with the fulfilment odeadlines for

national transposition.

Regarding the selection of representative countries, it would be useful to promote the
study of otherrepresentativecountries in each European cluster and add a section
dedicated exclusively to lessons for other cdestwith the same characteristies

members of the same cluster.

In the second part of the study, when using the quantitative approach, it is important
to consider the impact of purchase subsidies given to EVs. Additionally, future work
should consider nte powertrain systesnbesides petrol and diesel ICEVs, BE¥sd
PHEVsor at least develop a combination of BEV and PHEV market penetrattbe at

same time, not done in our study.

In addition, it would be important to consider a differdnt/ing distancefor each
powertrain systemand more accurate fuel andnergy consumption since our
assumptions underestimate real energy consumgiahe same time, electricity tax on
generation should be included in our fiscal model, beglteslectricity tax on energy

consumption.

It should be noted that by keeping the price of BEVs and PHEVs constant over time,

we are masking possible future losses associated with tax collection at the purchase
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moment. This is because until now the high sglliprice of BEVs and PHEVs
compensates the loss of tax collectietated registration tax exemption or benefith
VAT . However, the tendency is f&V priceto beequal to ICEVs in the next decade,

announcing extra challenges beyond electricity- tael tax.

It alsowould be interesting to further develop the topic associated with car taxation

schemes in the future that are more basedriomg distanceand not on assets.

Finally, it is important to have in mind th&teV market penetration increasandwe
maintainthe tavation regime, this will lead to substantial falls in national and local
government revenues in the future. However, EVs have less negative externalities with
respect to GHG emissions, air pollutjand noig (section5.1), which could lead to
substantial savings ispendingby national and locabovernmerg, for example on
Health For future work, it would be vergioteworthyto try to quantify this gain in
negative externalities and compare it to government revenue drops,sncetitally

the state would haviewerexpengs
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https://www.volkswagen.es/es/modelos-configurador/golf.html?modelId=BQ127V%24GPF1PF1%24GPH2PH2%24GPJ1PJ1%24GPU2PU2%24MSNRS3C%24GW7AW7A%24GW7MW7M%24GW71W71%24GZECZEC%24MMAS6E3%24MASE6XR%24MGRA8T6%24MNES8WH%24MAUD9WT&modelYear=2020&modelVersion=3&exteriorId=F14+5K5K&interiorId=F56+++++TW&option=GPLAPLA&option=GW07W07&option=MEPH7X2&option=UDESDES&option=UJLPJLP
https://en.wikipedia.org/wiki/Automotive_industry_by_country
https://www.wltpfacts.eu/what-is-wltp-how-will-it-work/
https://www.worldometers.info/world-population/germany-population/
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APPENDIXES

APPENDIX A- ANALYSIS OF EV PROMOTION IN THE EUROPEAN COUNTRIES

I. Electric Passenger car stock in Europe

TableA-1 - Electric Passengers Cars Market Share

Data SourcegStatista, 2017EAFO, 20193

2019 2017 2019/2017
STOCK - PASSENGERS CARS
Total EVs (BEVS Registered Total EVs % of
Countries BEVs PHEV passengers cars - registered
and PHEVs)
2017 passenger cars

1 Austria 28 327 7258 35 585 4899 000 0,73%

2 Belgium 19191 38577 57 768 5 799 000 1,00%

3 Bulgaria 394 237 631 2771000 0,02%

4 Croatia 491 139 630 1596 000 0,04%

5 Cyprus 195 228 423 526 600 0,08%

6 Czech Rep 2647 1105 3752 5538 000 0,07%

7 Denmark 14 851 7305 22 156 2530000 0,88%

8 Estonia 1315 129 1444 726 000 0,20%

9 Finland 3649 13 263 16 912 3423000 0,49%
10 France 153 695 54 481 208 176 32 006 000 0,65%
11 Germany 148 086 117 893 265 979 46 475 000 0,57%
12 Greece 376 480 856 5283 000 0,02%
13 Hungary 3191 1722 4913 3472000 0,14%
14 Iceland 3561 7152 10713 250 000 4,29%
15 Ireland 6787 2848 9 635 2 087 000 0,46%
16 Italy 19 963 41341 61304 38 520 000 0,16%
17 Latvia 537 110 647 690 000 0,09%
18 Lith 385 276 661 1357 000 0,05%
19 Luxembourg 2364 2181 4545 403 000 1,13%
20 Malta 330 14 344 292 000 0,12%
21 Netherlands 77 392 96 046 173 438 8373 000 2,07%
22 Norway 211796 98 374 310 170 2719 000 11,41%
23 Poland 2607 2081 4688 22503 000 0,02%
24 Portugal 13 763 11323 25 D86 5 059 000 0,50%
25 R i 2224 582 2 806 5 998 000 0,05%
26 Slovakia 915 766 1681 2223000 0,08%
27 Slovenia 1581 629 2210 1118000 0,20%
28 Spain 24 180 17 280 41 460 23500000 0,18%
29 Sweden 31 565 74023 105 588 4 845 000 2,18%
30 Switzerland 28417 16 547 44 964 4571000 0,98%
31 Turkey 1260 366 1626 12 036 000 0,01%
31 United Kingdom 86 777 160 715 247 492 32201000 0,77%
32 Liechtenstein 159 1 160 29000 0,55%

> 1%
0,75%-1%
| TOTAL | 892 971 [ 775472 | 1668443 |
| DataSource | EAFO(2019) | EAFO(2019) | Statista (2017)

As mentioned above, we adopt@ECD/IEA (2019a)definition for EVs share,

regarding theshare of electric car stock as a percentage of total passengeatuigldar

stock. In other wals, it represents the total electric cars in the total passengediight

car stock, showing the EV penetration in Europe.

This data has been collected mostly throdt-O (2019afor the electric passenger

cars and to obtain the total passenger {aiityy car stock we use8tatista (2017)

database. Additionally, in our study, EVs are seen as the sum of PHEVS anchB&Vs
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the EVs share is calculated by the division between EVs and the total passenger light
duty car stock. However, the passenger atfls from 2017 and the values related to
electric mobility are from 2019, which may cause deviations in the results.

As we have seen ihable A-1, in 2019, electric vehicles were residual, considering
the total registered passenger cars. EVs representiéa majority, less than 1% of the
passenger car fleet in Europe. Thus, European countries with a percentage of electric
passenger cars over 1% are concentrated mainly in the Nordic régporay (11.41%),
Iceland (4.29%) and Sweden (2.18 %gnd inthe Netherlands (2.07%), Luxembourg
(1.13%) and Belgium (1%). There is a second group of countries with a share between
0.75% and 1% Belgium (1%), Denmark (0.88%), Switzerland (0.98%)d the United
Kingdom (0.77%). Lastly, the remaining countries hav&V share lessf than 0,75%.

ii. Electric Passenger car Market Share

TableA-2 - Electric Passengers Cars Market Share

2019
MARKET SHARE - PASSENGERS CARS
EVs % Market | PHEVs % Market | BEVs % Market BEVs > PHEVs (%
Countries

share share share Market share)
1 Austria 3,50% 0,70% 2,80% Yes
2 Belgium 3,00% 1,50% 1,50% No
3 Bulgaria 0,90% 0,30% 0,60% Yes
4 Croatia 0,50% 0,10% 0,40% Yes
5 Cyprus 1,30% 0,70% 0,60% No
6 Czech Republic 0,50% 0,20% 0,30% Yes
7 Denmark 3,90% 1,70% 2,20% Yes
8 Estonia 0,40% 0,10% 0,30% Yes
9 Finland 6,50% 4,90% 1,60% No
10 France 2,70% 0,80% 1,90% Yes
11 Germany 2,90% 1,20% 1,70% Yes
12 Greece 0,40% 0,20% 0,20% No
13 Hungary 1,70% 0,60% 1,10% Yes
14 Iceland 24,40% 14,80% 9,60% No
15 Ireland 4,30% 1,20% 3,10% Yes
16 Italy 0,90% 0,30% 0,60% Yes
17 Latvia 0,90% 0,20% 0,70% Yes
18 Lithuania 0,50% 0,10% 0,40% Yes
19 Luxembourg 3,40% 1,80% 1,60% No
20 Malta N/A N/A N/A N/A
21 Netherlands 10,80% 1,20% 9,60% Yes
22 Norway 56,00% 12,70% 43,30% Yes
23 Poland 0,50% 0,20% 0,30% Yes
24 Portugal 5,50% 2,50% 3% Yes
25 1,10% 0,20% 0,90% Yes
26 Slovakia 0,40% 0,20% 0,20% No
27 Slovenia 1,10% 0,10% 1,00% Yes
28 Spain 1,30% 0,50% 0,80% Yes
29 Sweden 9,20% 4,70% 4,50% No
30 Switzerland N/A N/A 3,70% N/A
31 Turkey N/A N/A N/A N/A
31 United Kingdom N/A N/A 1,50% No
32 Lieck i N/A N/A N/A N/A

>9%

>2%

[ EAFO(2019) | EAFO (2019) |

Data Sources(EAFO, 2019b
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As stated before, we adopt&@ECD/IEA (2019a)definition of EVs market share,
meaning that thehare of new electric car registrations as a percentage of new passengers
light-duty car registrations. EV market share is relevant to demonstrate thérehdrin

new passenger liglttuty car sales.

This data was collected &@AFO (2019b}o have the PHEVs market share and BEVs
market share per each European country. Then, we combined these two variables to get

the EV market share.

Regarding the new passenger car saie®019, illustrated inTable A-2, the EV
market share was also more representative in Norway (56%), Iceland (24%), the
Netherlands (10.80%a&nd Sweden (9.92%). Although the percentage of electric vehicles
in the total stock of registered passenger calsss than 0,75%, it seems that this trend
is reversing in the short term, as the EVs market share is over 2% in many European
countries: Finland (6.5% ), Portugal (5.5%), Ireland (4.3%), Denmark (3.9%), Germany
(2.9%) and France (2.7%).

It should be not@ that this trend occurs mainly due to the increase in pure electric
vehicles (BEVs) market share. BEVs represented 31.2% of the 46.42% of the EVs market
share in Norway and 5.4% of 5.57% in the Netherlands. Nonetheless, in Iceland, Sweden,
Finland, UnitedKingdom, Luxembourgand Cyprus this market share was due to the

majority presence of PHEVs.
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iii. Automobile Industry

TableA-3 - Automobile Industry

2018 2013 | 2013
AUTOMOBILE INDUSTRY
. % Automobile i LU ) Automobile Industry %
Countries Industry in GDP % of Gross Value total employment
Added

1 Austria N/A 1,30% 0,75%
2 Belgium 1% (2016) 0,80% 0,80%
3 Bulgaria 5% (2017) 0,40% 0,30%
4 Croatia N/A 0,05% 0,25%
5 Cyprus N/A 0,01% 0,10%
6 Czech Republic 7% (2016) 4,30% 3,10%
7 Denmark 0,10% 0,10% 0,10%
8 Estonia N/A 0,55% 0,60%
9 Finland N/A 0,20% 0,23%
10 France N/A 0,50% 0,40%
11 Germany 14% (2018) 4,00% 1,95%
12 Greece N/A 0,03% 0,05%
13 Hungary 9% (2017) 3,90% 2,60%
14 Iceland N/A N/A N/A
15 Ireland N/A 0,10% 0,15%
16 Italy 11,6% (2012) 0,65% 0,75%
17 Latvia N/A 0,20% 0,20%
18 Lithuania N/A 0,25% 0,10%
19 Luxembourg N/A N/A N/A
20 Malta N/A N/A N/A
21 Netherlands 0,4% (2016) 0,30% 0,20%
22 Norway N/A N/A N/A
23 Poland 4% (2010) 1,40% 1,45%
24 Portugal 4% 0,75% 0,65%
25 Romania 14% 1,65% 1,65%
26 Slovakia 12% (2013) 3,60% 2,75%
27 Slovenia N/A 1,75% 1,35%
28 Spain 10% 0,90% 0,85%
29 Sweden N/A 1,65% 1,30%
30 Switzerland N/A N/A N/A
31 Turkey N/A N/A N/A
31 United Kingdom 4% (2016) 0,65% 0,40%
32 Liechtenstein N/A N/A N/A

>9% > 1%

4%-9% 4%-9%
[Bank of Finland (2013)] Bank of Finland (2013) |

Data Sources from GDHRReuters, 201Atradius, 2017aAtradius, 2017bAznar,2017, Evans, 201/MNovinite, 2017Hrivnak,
2018 PWC, 2018Saberi, 2018Dragan, 2019Wikipedia, 202D

Data Sources from Gross Value Added and Total Bympént{Finland, 2013
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The automobile industry is one of the most powerful forces in Europe and this can be
seen by the weight that this industry has in the GBEhe gross added valwnd in the

share of total employment, shown Bable A-3.

We suffered fronalack of data, regarding the importance of this industry in GDP. In
fact, this data was collected through a search on local newspapers and Wiebsites,

2013 Atradius, 2017aAtradius, 2017b Aznar, 2017 Evans, 2017 Novinite, 2017
Hrivnak, 2018 PWC, 2018Saberi, 2018Dragan, 2019Wikipedia, 202Q. On the other

hand, the automobile industry contribution to gross value added and employment was
obtained througlfrinland (2013)

Germany (14%), Romania (14%), Sl&ia (12%), Italy (11.6%), Spain (10%@nd
Hungary (9%) are the European countries with greater weight of the automotive
industry in its GDP, from the countries that we found data. We believe that France and
Sweden should be in this group, but we did fimd data for these countries. Please note

that this industry accounts for more than 9% of these countries' GDP.

The automobilé smdustry importance in these countries can also be explained by the
fact that this sector has an important share in thesgadded value and in the share of
total employment (> 1%) in these countries. Thus, it seems that countries with a strong
automobile sector tradition are not the leaders in electric mobility. These countries have
a low EV share in their passenger caefland even considering EVs market share, they
also have a low share with the exception of Germany and France, with market shares

above 2%.

There is an intermediate level of countrie€zech Republic (7%), Bulgaria (5%),
Poland (4%)the United Kingdom (46), and Portugal (4%)which automotive industry
represent less than 7% of GDP. This cluster has a low EV share in its passenger car fleet
and in the EVs market share. The exceptions here are Portugalkedsiited Kingdom
with EVs market share above 1But with a lower sharof thecar industry in GDP (only
4%).

Due to the lack of available data, we believe that the third group would have the
countries where the auto industry is not relevant and where the EVs share and EV market

share are high.
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iv. Tax Revenues

TableA-4 - Tax RevenuesCentralization + Decentralization Data

2017
TAX REVENUES
as perc of total g | government tax revenue
Countries Central State Local oot DAL
governance
1 Austria 94,97% 1,59% 3,01% -
2 Belgium 83,39% 10,78% 4,85% -
3 Bulgaria N/A N/A N/A -
4 Croatia N/A N/A N/A -
5 Cyprus N/A N/A -
6 Czech Republic 98,46% 1,07% -
7 Denmark 73,28% 26,41% Yes
8 Estonia 98,54% 0,91% -
9 Finland 76,20% 23,49% Yes
10 France 86,33% 13,29% -
11 Germany 67,41% 8,56% Yes
12 Greece 97,08% 2,42% -
13 Hungary 93,90% 5,78% -
14 Iceland 73,54% 26,46% Yes
15 Ireland 97,19% 2,17% -
16 Italy 83,88% 15,49% -
17 Latvia 80,14% 19,23% -
18 Lithuania 97,94% 1,18% -
19 Luxembourg 95,34% 4,07% -
20 Malta N/A N/A -
21 Netherlands 95,88% 3,00% -
22 Norway 84,12% 15,88% -
23 Poland 86,78% 12,70% -
24 Portugal 92,43% 7,10% -
25 Romania N/A N/A -
26 Slovakia 97,53% 1,93% -
27 Slovenia 90,23% 9,36% -
28 Spain 74,46% 9,69% Yes
29 Sweden 64,41% 35,28% Yes
30 Switzerland 60,06% 15,32% Yes
31 Turkey 90,50% 9,50% -
31 United Kingdom 94,64% 4,86% -
32 Liechtenstein N/A N/A -
| DataSource | OEcD(2017) | oOEcD(2017) | OECD (2017) [

Source:(OECD, 2017b

The tax revenues are collected at various government levels. This is relevant to
understand the impact thatoeomic tax incentives have at the national and local levels,

normally implemented to promote electromobility.
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The data was collected @ECD (2017b)but we also faced a lack of data for some

European countries, like Bulgaria, Croatia, Cyprus, Malta, Romania, and Liechtenstein.

Most European countries have a very centralized government (central level), as
exposed inrable A-4. This can be shown by the percentage of total general government
tax revenues collected tite central level higher than 80%.

However, there are some coues where tax revenues are only collected up to 80%
at the central level. This shows a certain tendency towheddecentralization of tax
collection. This is the case of Denmark, Finland, Germany, Iceland, Spain, Saeden

Switzerland.

Even though, @rmany, Spain and Switzerland have a truly decentralized
government structure with three levels, representing the more decentralized structure in

Europe.
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v. Power Sector 2017 T 3018
TableA-5 - Power Sector POWER SECTOR
Energy % RES in gross
Countries Dependecy Rate final energy
(%) - 2017 consumption
1 Austria 64,43% 33,43%
2 Belgium 74,84% 9,42%
3 Bulgaria 39,51% 20,53%
4 Croatia 53,25% 28,02%
5 Cyprus 96,33% 13,88%
6 Czech Republic 37,19% 15,15%
7 Denmark 11,66% 36,13%
8 Estonia 4,07% 30,00%
9 Finland 43,98% 41,16%
10 France 48,59% 16,59%
11 Germany 63,91% 16,48%
12 Greece 71,07% 18,00%
13 Hungary 62,57% 12,49%
14 Iceland 18,65% 71,57%
15 Ireland 67,14% 11,06%
16 Italy 76,98% 17,78%
17 Latvia 44,06% 40,29%
18 Lithuania 75,61% 24,45%
19 Luxembourg 95,40% 9,06%
20 Malta 102,94% 7,98%
21 Netherlands 51,81% 7,39%
22 Norway -597,22% 72,75%
23 Poland 38,31% 11,28%
24 Portugal 79,87% 30,32%
25 Romania 23,12% 23,88%
26 Slovakia 64,85% 11,90%
27 Slovenia 50,38% 21,15%
28 Spain 73,94% 17,41%
29 Sweden 26,57% 54,65%
30 Switzerland N/A N/A
31 Turkey 77,16% 13,66%
31 United Kingdom 35,35% 11,02%
32 Liechtenstein N/A N/A
< 25% >30%
20%-30%

Data Source I Eurostat (2017) I Eurostat (2018) |

Data sourcegEurostat, 2017Eurostat, 201§ I
The power sector is relevant for the penetration of electric mobility since the potential
of electric vehicles is exponential with the combination of electricity, which is carbon
neutral - generated ttough RES (Renewable Energy Sources). In addition, electric
vehicles are an important tool to reduce oil dependence, reducing energy dependency of

the European countries.
The data was obtained respectively throkginostat (201 7andEurostat (2018)

As indicated inTable A-5, European countries with a RES share higher than 50% in
final energy consumption are Norway (72.75%), Iceland (71.57&0) Sweden
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(54.65%). It should be noted that these countries have the largest EVs fleets in their

regisered passenger vehicles.

Finally, countries with a percentage of RES higher than 30%, such as Finland
(41.16%), Denmark (36.13%), Austria (33.43%), Portugal (30.31%) correspond to the
countries withthe largest EV market shares (above 2%), showing a-séort effort in

electrification (%EVs market sale).

Countries that are less energgpendent, i.e. with an energy dependence rat®iess
than 25%, are: Norway§97.22%), Estonia (4%), Denmark (11%) Iceland (1,9%uay
Romania (23%).

With the exception oEstonia and Romania, the remaining countries are leaders in
electric mobility. Estonia and Romania are far behind in transport electrification and in
the case of Romania, it has a great contributiothefutomotive industry in GDP (%
EVs and % EVs markethare).

Therefore, we found a contradiction, since countries with less energy dependency are

the ones investing more in Electromobility.

On the other hand, countries with a less than 50% energy dependency are Sweden
(27%), the United Kingdom (33%), CzeclRepublic (37%), Poland (38%), Bulgaria
(40%), Finland (44%) ), Latvia (44%) and Germany (49%).

Sweden and Finland, which are advanced countries in electric mobility, have an
intermediate level of energy dependence. Germany is trying to advance in electric
mobility in the short term (% market share), but it has an energy dependence rate of almost
50%.

Other countries with intermediate energy dependence do not have major initiatives in

the promotion of electric mobility.
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vi. Charging Infrastructure

TableA-6 - Charging Infrastructure

2019
CHARGING INFRASTRUTURE
,‘::s:f;‘: :gr:rs %Fast Chargers
Total Number of | Total Number of | MNormal + Fast | Fast Chargers per | highway per total Py B it
Countries highway per total Vehicles per
Mormal Chargers | Fast Chargers Chargers 100 km highway number of
chargers (normal number of fast charging point
+ast) chargers
1 Austria 3 696 576 4272 34 1% 6% 8
2 Belgium 5 860 353 6213 20 0% 6% 9
3 Bulgaria 70 54 124 7 6% 13% 5
4 Croatia 509 135 644 11 2% 8% 1
5 Cyprus 38 0 38 11
6 Czech Republi 400 342 742 38 5% 11% 5
7 D k 2244 431 2675 35 1% 8% 8
8 E i 193 201 394 132 34% 66% 4
9 Finland 706 319 1025 50 5% 16% 16
10 France 27 661 1937 29 598 18 0% 1% 7
11 Germany 28 382 5040 33422 47 0% 1% 8
12 Greece 40 18 58 1 2% 6% 15
13 Hungary 592 103 695 7 1% 7% 7
14 Iceland 40 84 124 232 187% 276% 86
15 Ireland 845 205 1050 23 2% 11% 9
16 Ita 3542 799 4341 13 0% 2% 8
17 Latvia 83 155 238 0% 3
18 Lithuania 114 82 196 65 33% 79% 3
19 L k 4 949 13 962 8 1% 62% 5
20 Malta 102 102 3
21 Neth 49 343 1072 50415 35 0% 3% 3
22 Norway 10337 3426 13763 655 5% 19% 23
23 Poland 584 358 942 15 2% 4% 5
24 Portugal 2732 359 3091 12 0% 3% 8
25 Romania 288 91 379 14 4% 15% 7
26 Slovakia 350 187 537 50 9% 27% 3
27 Slovenia 452 123 575 16 3% 13% 4
28 Spain 7576 1244 8820 8 0% 1% 5
29 Sweden 4036 1030 5 066 48 1% 5% 21
30 Switzerland 5099 841 5940 67 1% 8% 8
31 Turkey 750 82 832 3 0% 4% 2
31 United Kingdom 22759 4960 27719 130 0% 3% 9
32 Liechtenstein 0
<10
| Datasource | EAFO(2019) | EAFO(2019) | [ eAFo(2019) | EAFO (2019) |

Data sourcegEAFO, 2019dEAFO, 2019¢EAFO, 2019

The development of the charging infrastructure is essential for the penetration of
electric vehicles, especially for long trips. Otherwise, electric cars will always be seen as

asecond family car.
The data were taken again fré&AFO (2019d) EAFO (2019c)andEAFO (2019e)

The European Union Alternative Fuels Infrastructure Directive has set a ratio of 10
electric vehicles per 1 charging point. Most European countries comply with this
requirement, with the exception of Iceland (86), Norway (23), Sweden (21), Finland (16)
Greece (15)and Cyprus (11), as illustrate Trable A-6. These countries which have
worse ratios are the leading countries in electric mobility (EV%), showing that this trend
is in line with the idea that these vehicles work as the second family ea, ddtually,

EVs are mainly used for commuting and are charged at home.
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There seems to be no need for the deploymeahafging infrastructure, in order to
start the penetration of electric vehicles, especially in the beginning. This may answer the
queston of the Chicken and Egg dilemma since this theory states that it is not known
where to start the electric mobility promotion, whether by the increase in vehicle

penetration or by the development of the charging infrastructure.

However, the urgency toeate a charging infrastructure is dependent on factors such
as the size of the country, its geographic characteristics, the average distance from the
daily commute, as well as cultural factors. Thereftire,installation of fast chargecan
be an answeto longdistance travel and have been a bet set by national governments,

especially on highways.

vii. Urban Population and Commute per workday

TableA-7 - Urban Population and Commute per workday

2018 2020 2020
Urban Population| COMMUTE PER WORKDAY MODES OF TRANSPORT USE ON COMMUTE
Commute - " bl Private N L
Countries AT Distance km - SIS e Transportation RHERC 1235 Lo odes Main mode of tranposrt
polulation 7 commuting in a metro + tram ) (Walk + Bike)
round trip {Car + Maoto)
weekday
1 Austria 58,20% 20 70 25% 36% Public
2 Belgium 98,00% 34 72 29% Private
3 Bul ia 75,00% 17 59 30% Private
4 Croatia 56,95% 19 58 28% Private
5 rus 66,81% 25 a7 Private
[ Czech neEuhIic 73,79% 21 59 Public
7 Denmark 87,87% 21 58 16% MNon-Motorized
8 Estonia 68,88% 16 49 30% Public
9 Finland 85,38% 25 60 26% Public
10 France 80,44% 27 70 32% Public
11 Germany 77,31% 26 63 MNon-Motorized
12 Greece 79,06% 25 68 20% Private
13 Hungary 71,35% 2 72 29% Public
14 lceland 93,81% 22 40 17% Private
15 Ireland 63,17% 27 76 27% 33% Private
16 Italy 70,44% 30 69 24% 20% Private
17 Latvia 68,14% 21 64 23% 29% Private
18 Lithuania 67,68% 17 51 Private
13 Luxembourg 50,98% 30 65 Private
20 Malta 94,61% 12 59 Non-Motorized
21 Netherlands 51,49% 33 58 MNon-Motorized
22 Nol 82,25% 20 53 Private
23 Poland 60,06% 20 63 Public
24 Portugal 65,21% 26 60 Private
25 Romania 54,00% 17 69 Private
26 Slovakia 53,73% 22 58 Public
27 Slovenia 54,54% 29 58 Private
28 Spain 80,32% 26 58 Private
29 Sweden 87,43% 31 61 Public
30 Switzerland 73,80% 26 58 Public
31 Turkey 75,14% a7 90 14% Private
31 United d 83,40% 28 69 26% Private
32 Liect i 14,34% N/A /A /A Private
72,8% »24,09 > 61,9 km 18 10 4
N2 of Countries N2 of Countries N2 of Countries
Data Source UN (2018 Numbeo (2018) | Numbeo (2018) | Numbeo (2018 Numbeo (2018 Numbeo (2018]

Data SourcegUN, 2018 Numbeo, 2020

As we have mentioned early, moElV drivers live in the electromobility leaders
countries and are concentrated in the urban areas, which represent the main cities.

Nowadays, EVs are mostly used for daily travel related to comguEherefore, it is
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important tounderstand that the commute patterns of each country, based on time and
distance travel. Additionally, we trigd comprehend the main modes of transport used

by each country in the daily commute.

The data was collected througN (2018)to obtain the share of people concentrated
in urban areas. Then, the data related to commgputas obtained by a survey databased,
namedNumbeo (202Q) Please note that the reliability ¢fiese data vary between

countries since some countries havegher number of answers.

Most European citizens live in urban areas, mostly in major capalst countries
haveanurban population higher than 75%, as showmable A-7. The exemptionare
Austria, Bulgaria, Croatia, Cyprus, Czech Republic, Estonia, Hungary, Ireland, Italy,
Latvia, Lithuania, Poland, Portugal, Romania, Slovakia, Sloyemd Switzerland. It
seems like the electromobility leaders are the ones with a higher shtre wban
population (Norway, Denmark, Finland, Iceland, Netherlaadsl Sweden). However,
some countries with low EV penetration havhigh urban population, such as Spain,

France, Germany, Gree@nd Luxemburg.

Accordingly to what we have seen earlier, toenmuters of more than half of the
European countries (18 countries) rely mainly on private transportation as their main
mode of transportation, with 10 countries using mainly public transports, and only 4 of
them using nomotorized modes (Denmark, Gemya Luxembourg and the

Netherlands), as their main mode of transportation.

Additionally, some countries that have less urban population are using private
transportation as their main mode of transportation, for instaBwaigaria, Croatia,
Cyprus, Ireland Italy, Latvia, Lithuania, Portugal, Romania, Slovenia. Nevertheless,
some of the higher urban population countries rely on private transport as the main mode
of transportation and some of them are the leaders in EV penetration, take the case of

Norway aml Iceland.
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viil. Population, Pollutiopand traffic congestion

TableA-8 - Population, Pollution and traffic congestion

2018 2017 2017 2019
POPULATION €02 EMISSIONS | GHG EMISSIONS | CITIES TRAFFIC
CO2 emissons | Greenhouse gas | Traffic Index - n2
from passengers | emissions by of cities with a
Countries Population
cars (in grams per country (in congestion level
km) thousand tonnes) =>25%
1 Austria 8 955 102 121 84 526,64 3
2 Belgium 11539328 116 119 382,64 3
3 Bulgaria 7 000 119 126 62 085,59 1
4 Croatia 4130304 113 25 472,57 N/A
5 Cyprus 1198575 122 9 952,09 N/A
6 Czech Republic 10 689 209 124 130 466,42 2
7 Denmark 5771876 107 50 827,51 0
8 Estonia 1325648 133 21 060,75 1
9 Finland 5532 156 118 57 502,03 0
10 France 65 129 728 110 481 984,74 13
11 Germany 83 517 045 127 936 003,17 13
12 Greece 10473 455 109 98 884,54 2
13 Hungary 9 684679 126 64 488,77 1
14 Iceland 339031 N/A 5911,12 0
15 Ireland 4 882 495 112 63 805,48 3
16 Italy 60 550 075 113 438 959,09 12
17 Latvia 1 906 743 129 11 755,88 1
18 Lithuania 2 759627 127 20737,67 1
19 Luxembourg 615 729 N/A 11 933,48 1
20 Malta 440372 110 2582,71 N/A
21 Netherlands 17 097 130 N/A 205 829,43 7
22 Norway 5378 857 N/A 54 397,49 0
23 Poland 37887768 128 416 298,55 10
24 Portugal 10 226 187 105 74 606,49 2
25 Romania 19 364 557 N/A 114 811,43 1
26 Slovakia 5457013 N/A 43 482,84 2
27 Slovenia 2 078 654 120 17 527,80 1
28 Spain 46 736 776 115 357 296,69 2
29 Sweden 10036 379 122 55 451,33 1
30 Switzerland 8 591 365 N/A 52 600,05 5
31 Turkey 83 429 615 N/A 537 361,54 6
31 United Kingdom 67 530 172 121 505 420,37 23
32 Liechtenstein 38 019 N/A 194,49 N/A
> 30 000 000 >200 000 > 3 cities
| DataSource |Worldometer(2018)] ACEA(2017) | OECD(2017) | Tomtom (2019) |

Data SourcegACEA, 20170ECD, 2017aWorldometer, 2018Tomtom, 201p
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Finally, in this last section, we analyze the total number of population, the level of
pollution, and traffic congestion for each European country, illustratédlhe A-8. This
is especially relevant because EVs are a possible atstherproblems relatetd urban
mobility and their local air and noise pollution. Notwithstanding, EVs alosolve the
traffic congestion problems, only combined with carsharing, carpqaimgutonomous

cars.

The population data was collected through Worldom@@t8) database and GHG
emissions data was obtained by OECD (2017). La$tgtraffic congeson index was
gathered ofmfomtom (2019)and we decided to count the number of congested cities

(congestion level higher than 25%) per each country.

The most populous European countries (over 30 milidrabitanty are France,
Germany, ltaly, Poland, Spain, Turkeydthe United Kingdom It should be noted that
these countries are the ones that have the largest concentration of the automotive industry.
At the same time, most polluted countries are the ones more populous with the exemption
of the Netherlands, whicthas a high level of pollution and do not reach 30 million

inhabitants

Similarly, the most polluted countries (emissions levels abovedQ00thousand
tones) are also the ones walarger number of trafficongested cities. Spain is the only

exemptionwith few trafficccongested cities (only 2).

In sum, most European Countries with strong automotive industry are highly
populated, pollutedand congested. Nevertheless, these countries should be incenting

heavily in the electromobility, but are the oriegherbehind.
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APPENDIX B- THE THREE DIFFERENT EUROPEAN COUNTRIES CLUSTERS IN
EVS PENETRATION

In Table B-1, systematization of the European scenario is carried out in the adoption
of EVs, taking into account the importance of the automobile industry in GDP (high,
medium and low share). There also appears to have a correlation between EV share and

market penetration and the importance of the auto industry in national GDP.

TableB-1 - Characterization of the three European Countries cluster in the EV adoption based on their Automotive

industry share in GDP.

Sweden 9,2%
Germany 2,9%

Portugal 5,5%,
United Kingdom

Automobile High share in Medium share Low share in GDP
Industry GDP in GDP
Countries Germany, Czech Republic, Norway,
Romania, Bulgaria, Poland, Iceland,
Slovakia, Italy, | United Kingdom Denmark,
Spainand and Finland,
Hungary. Portugal. Netherlands
France and and Belgium.
Sweden should b
in this cluster
(lack of data).
%EVs < 0,75% <1% > 1% (11%)
Stock Exceptions:
Sweden (2,18%)
EVs Most of them < | Most of them < > 9%
Market share 2% 2% Norway 56%,
Exceptions: Exceptions: Iceland 24%,

Netherlands 10,8%.

Market share

France 2,7%. 1,5%.
Higher % BEVs France Portugal Norway
Market share Germany
Higher Sweden Iceland
%PHEVSs Finland
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Norway 84,12%,

Tax Revenues
Centralization
(> 80%)

France 86,33%,
Hungary 93,90%.,
Italy 83,88%.

Portugal 92,43%

Netherlands 95,88%

Tax Revenues
Decentralization

Germany 67,41%
Spain 74,46%

Majority use of

Non-motorized
modes on
Commute

% RES <20% 20-30% > 50%
Germany Portugal Norway (72.75%),
France (30.31%) Iceland (71.57%)),
Italy Exceptions: Finland
Spain Poland Denmark
Slovakia Exceptions:
Hungary Netherlands
Exceptions:
Sweden
% Energy > 65% <25%
Dependency Italy Norway ¢(597,22%)
Spain Iceland (18,65%)
Exceptions: Denmark
Romania
(23,12%)
Number of All All None
Vehicles per Exceptfor Exception:
charging point Sweden Denmark,
<10 Netherlands,
Belgium
Germany Netherlands

Denmark
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Majority use of Italy Portugal Belgium
Private Spain United Kingdom Iceland
Transportation Romania Norway
on Commute
More populated France United Kingdom
countries Germany
(> 30000000) Italy
Poland
Spain
GHG emissions High > Medium Medium 50000000
200000000 500000007 i 200000000
France 200000000 Belgium
Germany Portugal Denmark
Italy Bulgaria Finland
Spain Czech Republic Norway
Exception: High >
Medium 200000000 Exception:
500000007 Poland Low < 50000000
200000000 United Kingdom Iceland
Sweden, High > 200000000
Romania Netherlands
Hungary
Low <
50000000
Slovakia
Number of France United Kingdom Netherlands
traffic - Germany
congested cities Italy
(> 3 cities) Poland

Source: Own elaboration.
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APPENDIX C- OVERVIEW OF MAIN POLICY INSTRUMENTS IMPLEMENTED
AT NATIONAL AND LOCAL LEVEL T NORWAY, PORTUGAL AND SPAIN

EV SUPPORT POLICIES NORWAY

I. Norway

) T Starting Amendment ) ]
Policy Type s Powertrain Details
Name Year
Vehicle Acquisition - Private owned

Exemption on import

1930 - BEVs
taxes
Exemption from
registration costs 1950 BEVs
Reduced registration 2013 } BHEVS
costs
Reduced private use
t::l 2000 2017 BEVs 15% till 2017, 18% in 2018
Fritak fra
Exemption from VAT | merverdiavgift 2001 - BEVs 25% VAT
(mva)
Vehicle Acquisition - Company owned
Exemption on import 1990 R BEVS
taxes
i it 1990 . BEVs
registration costs
Reduced registration 2013 ; PHEVs
costs
duced use | Firmabilbeskatn
3 2000 2018 BEVs 50% reduction to 40% in 2018
tax ing
Fritak fra
Exemption from VAT | merverdiavgift 2001 - BEVs 25% VAT
[mva)
Exemption from VAT Frltak‘fra .
. merverdiavgift 2015 - 255 VAT
on leasing
(mva)
Recurring or Use of Vehicle - Private and owned
Reduced circulation 50€ for BEVs, instead of 350-
- +
taxes/annual road tax 985 BEVs+ PHEV. 410 € annually

Free toll roads until 2017.
Bompenger 1997 2019 BEVs Then, maximum of 50% of the
total amount

None or reduced
charges on toll roads

Free ferries until
Elbil pé ferjer 1997 2018 BEVs 2017 Maximum of 50% of the
total amount

None or reduced
charges on ferries

Free parking until 2017. Then,
Parkering for parking fee for EVs defined
1997 2018 2017 N

elbil locally a maximum of 50% of

the total amount

None or reduced
charges on municipal
parking

Since 2016, local authorities
Access to bus lanes 2005 2016 BEVs can limit the access to BEVs
Carry one or more passengers.

Driver license class B
allows to drive electric
wvans class C1 up to

4250 kg

2019

Charging Infrastruture

Governmental incentives for

Figure Gl - EV Support p0|ICIeS NOrWay Subsidies 2007 BEVs + PHEVS the deployment of home and

public charging infrastructure

Source: Own elaboration based on
(Figenbaum, 201, Deuten et al., 202Elbil, . .
2020 Finance the creation of at least|
two multi-standard fast
charging each 50 km on all
principal roads

Program 2017 BEWs + PHEVH
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ii. Portugal

Figure G2 - EV Support policies Portugal
Source: Own elaboration based @Maguet:
et al.,, 2018 UVE, 2020¢ UVE, 2020a UVE,
2018 impostosobreveiculos.info, 2020

acrescentada (IVA)

EV SUPPORT POLICIES PORTUGAL
i} Tax Starting | Amendments i i
Policy Type Powertrain Details
Name Year
Vehicle Acquisition - Private owned
Exemptionfrom [ imposto sabreveiculos] 201442016 aE o
¥
registration costs 1sv i
Reduced registration. [Imposta sobreveiculos] 201412016 oHEve | PSoftotal valuepaid by
¥
costs 15V * ICEV
Increase of vehicle
replacement through new|
scrappingscheme | Meentivososbatede | BEve  pHEVe| 2c0UIsitioNS Since 2014,
Veiculos em fim devida add a new requirement
for new car, demanding
low-emission vehicle
ncentive nel Subsidy smount varies
‘":E"d“’“_"" annually and is limited in
Acquisition Subsidy nrodugsa no 2016 BEVS number. Without the
Consuma de Veiculos h )
. necessity ta deliver an old
de Baixas Emissdes
wehicle
Vehicle Acquisition - Company owned
Exemptionfrom | Imposta sobreveiculos| 201412016 atve o
registration costs 1sv
Reduced registration | Imposta sobreveiculos| 201442016 prEve |5 oftotal valuepaid by
costs 1sv i ICEV
Increase of vehicle
replacement through new|
serapmingsch Incentivo 20 sbatede [ BV s PHEVs| 2C0UTsitions Since 2014,
TARRINESENEME | Veiculos em fim de vida : ®| add a new requirement
for new car, demanding
low-emission vehicle
ncentive nel Subsidy amount varies
‘":‘"d"’“_"“ annually and is limited in
Acquistion Subsidy ntradugao no 2015 BEVs number. Without the
‘Consumo de Velculos ) .
elc necessity ta deliver an old
de Baixas Emissdes
wvehicle
Ecemptionfrom - { L i ocso Auts 2014 BEV: €0
Autonomous Taxation | 'T'0HEFE0 ANtOnemE i
Up to € 25,000 pay 5%
Reduced Autonomous . instead of 10%, between €
. Tributag3o Autdnoma | 2014 PHEVs | 25,000 and € 35,000 pay
Taxation
10% instead of 27 5% and
over € 35,000 pay 17.5%.
VAT deductibl imposta sobreovalor [ ot For total sale price until €
eductible acrescentada (IVA) * 62.500
Imposta sobre o valor For total sale price until €
VATdeductible 2014 PHEVs

50.000

Public Administration

Administragga Piblica-
ECO. mab

Recurring or Use of Vehicle - Private and company owned
e Impasto Unica de PHEVs have to pay ICEV
circulation taxesfannual 00U 2007 201442016 BEVS equivalently
road tax
Definition at
Reduced or Exemption | Desconto ou isengo na| local level, Some municipalities make
) . ) BEVs + PHEVs | distinctions between BEVe|
from parking fee estacionamento varies by
municipality and PHEVS
In this area, circulation
will be limited to
) authorized vehicles only -
Access to areas with - o
o2 Zona de Emisses itis mandatoryto havea
WL B Reduzidas (ZER) 020 BEVS badge - duringthe
Reduced emissions zone daytime, established
between 06:30 and
00:00
State et- Acquisition + chargl
Finances 50% of the
expenditure (including
VAT) with the rents ef the
purchased EVs, under an
Electric Mobility Programade Apaio & operatingand financial
Support Programin | MabilidadeElétricana | 2015 lease regime over 2 period
Public Administration | AdministragSo Pablica atadmontheand S0%.of
the acquisition and
installation of charging
stations from €1000
normal chargersta €4
000 fast chargers)
Charging Infrastruture
Establishment of
electric grid Programa Mabi.E 2009 |2013+2014+2015 | BEVs + PHEVS .
management
Statefinances 50% of the
acquisition and
installation of charging
stations, uptaa
maximum number of
Programa de Apaio & chargers equal to the
CoEsBEET, Mnh?lwdade Elélpri(a na nu:he::lfveh\(lﬁ_s
Support Program in 2015 BEVs + PHEVs

assigned to each entity
and up toalimit of €
2,000 per station, in the
case of conventional
chargers, or € 4,000 per
charger, in case of semi-
fast charging paint
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lii. Spain

Figure G3 - EV Support
policiesi Spain

Source: Own elaboratiol
based on
(Energiaysociedad, 201
Sanz, 2016EIMotor,
2019 IDAE, 2019
Autopista, 2020IDAE,
202Q Nissan, 2020p
Nissan, 2020a
Movilidadeléctrica, 202§



