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EXECUTIVE SUMMARY

Background

Electromobility is currently seen as the most promising technology to curb Carbon Dioxide
(CO2) emissions in individual transport. Electromobility refers to the use of Electric Vehicles
(EVs), which are defined as vehicles that use one or more electric motors for propulsion. Its
proliferation is a key element in the efforts to reach European Union (EU) Greenhouse Gas
(GHG) reduction targets and the goals set in the Paris Agreement! to keep global temperature
increases below 2 degrees Celsius. Additional advantages of electromobility include increased
energy efficiency in transportation and reduction of smog and noise. However, the
development of electromobility in the EU has been rather slow, with the exceptions of a few
front-runner Member States.

When compared to the total stock of passenger cars, the total share of Plug-in Electric
Vehicles (PEVs) was only around 0.3% in 2017 in the EU. The deployment of charging
infrastructure is essential to facilitate the development of electromobility, and more
specifically the uptake of PEVs. The availability of charging infrastructure has been steadily
increasing, similarly to the total stock of PEVs, in the EU. Figure 1 below provides a 2017
snapshot of the status of electromobility in Europe (EU28 and Norway) by providing an
overview of the PEV stock, market share of new registrations, and publicly available charging
points per EU Member State and Norway.

Figure 1: Number of PEVs (M12) and publicly accessible charging points in Europe
(EU28 and Norway) (2017)
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Source: Authors’ own calculations based on EAFO (2018)3, BDEW (2017a)#, and Commission (2017b)° data.

! The Paris Agreement sets out a global action plan to tackle climate change by keeping global warming to well
below 2 degrees Celsius above pre-industrial levels and to pursue efforts to limit the temperature increase
even further to 1.5 degrees Celsius.

Passenger cars, with no more than eight seats in addition to the driver seat.

European Alternative Fuels Observatory (2018).

Bundesverband der Energie- und Wasserwirtschaft (2017a).

European Commission (2017b).

a A w N
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Aim and approach

This study analyses the various challenges of the deployment of charging infrastructure
within the EU. This includes existing technologies and standardisation issues, metering
systems and pricing schemes, business and financing models, the impact of charging
infrastructure on the dissemination of PEVs, and the appropriateness of current technologies,
business models, and public policies. This study relates to charging points for electric cars,
vans, buses, and bikes. The objective is to highlight the key issues likely to be of concern to
the Members of the European Parliament's Committee on Transport and Tourism (TRAN) and
to indicate possible actions that might be taken by the Committee. This study also serves as
input for the revision of Directive 2014/94/EU® (Alternative Fuels Infrastructure Directive).

Key findings

The respective PEV charging networks are varied in EU Member States. Funding programmes
exist largely at national level and are complemented by further funding programmes from
the EU. The information on existing national and EU funding programmes is imperfect, as
there is no centralised information platform at EU level for providers of PEV charging services.
In terms of the technical hardware, the standards for the EU’s PEV charging modes and types
are sufficient to guarantee uniform quality, safety of charging, and investor security for
market actors.

The analysis carried out in this study shows that the density of charging infrastructure
generally correlates positively with PEV adoption. However, the influence of charging
infrastructure as a variable differs depending on the national context. Furthermore, there is
a range of other factors that are proven or suspected to be correlated with PEV uptake, such
as model availability, financial incentives, urban density, etc. At this point of early market
development, it is unclear how these different factors will interact with and influence PEV
adoption. Despite the uncertainty about the extent of its influence, charging infrastructure is
necessary - but not sufficient - for PEV adoption in any given market. In this early stage of
market development for PEVs, most front-runner countries have applied a demand-oriented
approach for charging infrastructure rollout (with the exception of the United States of
America (USA)). The demand-oriented approach follows the assumption that charging
infrastructure should be constructed at those sites where existing and future demand can be
determined. This approach aims for the optimal allocation and utilisation of all charging points
and avoids redundancies. The coverage-oriented approach follows the premise that public
infrastructure should guarantee a minimum standard of service to the widest possible public
by minimising the distance between the charging points.

To increase market penetration, a shift towards a coverage-oriented approach is needed as
this will have a significant positive impact on range anxiety at the consumer level by providing
a safety net for emergency situations. If the number of charging points is too high compared
to the number of PEVs, there will not be a viable business case for charging point operators.
There are a lot of business models and ideas for operating charging infrastructure, but the
profitability of most remains limited. This is largely due to the high capital costs for charging
stations, siting (i.e. finding the most appropriate location for charging infrastructure)
challenges, the cost of electricity for high power charging, and uncertainty of utilisation at
specific locations.

6 Directive 2014/94/EU of the European Parliament and of the Council of 22 October 2014 on the deployment of
alternative fuels infrastructure.
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The ratio of PEVs per public charging point combined with a street map showing areas not
covered with public charging stations could be used by policymakers to determine the
quantity of public charging stations needed per region. A successful, coverage-oriented
approach in the EU will require a central register for publicly accessible charging stations to

allow for a coordinated approach to identify gaps in geographical coverage.

The lack of a coordinating agency at EU level is the most important issue to address in the
current phase of market development. The responsibilities of such an institution would
include the build-up of a reliable database of existing infrastructure, provide comprehensive
information about funding programmes, and develop coordinated approaches for the further
development of infrastructure in cooperation with the EU Member States. Further policy
recommendations are listed in Table 1 below.

Table 1: Policy recommendations

REGULATION

INCENTIVES AND

FINANCING

RESEARCH AND
DEVELOPMENT

CAPACITY

BUILDING AND

KNOWLEDGE

Define minimum
standards for
future charging
stations (payment
systems,
protocols, data
reporting, smart
charging) to
ensure the
installation of
future-proof
charging stations
(i.e. open access
data and the
ability to offer
smart functions
such as variable
electricity tariffs)

Promote
availability of
data for location,
real-time
occupation, and
utilisation of all
charging stations
(Successful
examples: the
United Kingdom'’s
(UK) Office for
Low Emission
Vehicles (OLEV)
programme,
Norway’s publicly
owned database)

Continue funding
of charging
infrastructure until
more business
models become
profitable

Couple the funding
of infrastructure in
attractive
locations with the
build-up of
infrastructure in
less attractive
locations

Focus funding at
areas not yet
covered such as
transnational
charging corridors

Ensure a high
realisation rate,
low transaction
costs and non-
discriminatory
conditions

Create incentives
for workplace
charging and
charging solutions
for homes without
garages

13

Promote
centralised,
publicly available
database on
charging
infrastructure

Support research
projects for ideal
site distribution
(e.g. STELLA
project)

Research policy
measures to steer
ideal site
distribution for
charging stations

Fund projects
assessing the
impact of
increased PEV
penetration,
interaction with
renewables, and
identifying key
data points to
monitor grid
health

Fund research
programmes on
ultra-fast
charging, range
extension, battery
development, etc.

SHARING

Promote
collaborative
approaches
including all
involved actors
and regulatory
levels (regulators,
charging station
operators, end-
customers, civil
society, producers,
auto makers, grid
operators,
consumer
protection org.)
(e.g. organise
cross-sectoral
dialogue)

Raise end
customer
awareness for
existing
infrastructure
network and
technical
standards to
address customer
concerns (e.g.
range anxiety) to
facilitate
behavioural
change
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REGULATION

Continue to
remove
regulatory
barriers, e.g. in
tenancy law and
right of abode
(e.g. EU Directive
requiring a
charging point in
every new or
refurbished home
beginning in
2019)

Promote
installation of
charging
infrastructure in
publicly accessible
spaces (e.g.
commercial
parking garages,
train stations,
airports, etc.)

Define and
monitor Electric
Bicycle (e-bike)
and Pedal Electric
Cycle (pedelec)
safety standards

INCENTIVES AND

RESEARCH AND

FINANCING DEVELOPMENT

e Fund research into e
ways to reduce
the cost of fast
charging through
rate structure
changes and use
of storage

e Fund vehicle-to-
grid/sector
coupling (Trans-
European
Networks for
Energy (TEN-E)
and Trans-
European
Transport Network
(TEN-T)
cooperation)

e Promote
cooperation
between existing
working group
activities, pilot
projects and policy
processes on
smart charging
practices and
stationary battery
storage

CAPACITY
BUILDING AND
KNOWLEDGE
SHARING

Develop an
information
platform that
provides data on
technical
standards and
funding guidelines
in the EU for
project developers
(Successful
example: the UK'’s
OLEV programme)

Source: Authors’ own elaboration (2018).
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1 INTRODUCTION

KEY FINDINGS

e The transition to low carbon transport is one of the key targets of the European
Union’s (EU) current energy and climate policies. The EU set the target that by 2050,
emissions from transport (excluding international waterborne transport) must be
60% lower than they were in 1990 and the EU must firmly be on the path towards
full decarbonisation.

e The development of electromobility in the EU, with the exceptions of a few front-
runner countries, has been rather slow.

e In the EU, the recharging infrastructure development is scattered and mainly
coordinated at regional level. There are no explicit targets related to charging
infrastructure at EU level, but rather a multitude of supporting measures.

o In addition to the lack of charging stations, there are different standards concerning
the connector and rated power needed on the charger and vehicle side, as well as
various payment methods.

e Nevertheless, the Plug-in Electric Vehicle (PEV) passenger car market share of
new registrations has increased over the past five years, and so has the total
stock of PEVs.

In the EU, the recharging infrastructure development is scattered and mainly coordinated at
regional level. Individual EU Member States formulate targets and incentivise the deployment
of charging infrastructure in accordance with Directive 2014/94/EU (Alternative Fuels
Infrastructure Directive [AFID]). There are no explicit targets at EU level, but rather a
multitude of supporting measures. As a result, most charging stations currently exist only in
urban areas in Western European countries. An EU-wide network of fast chargers along the
main motorways across the continent does currently not exist.

In addition to simply the lack of stations, there are different standards concerning the
connector and rated power needed on the charger and vehicle side, as well as the payment
method. As a result, the business case for deploying a network of charging stations becomes
even more challenging, because either all standards are accounted for or the operator risks
narrowing the potential customer base to only those that have the matching connector.
Standardisation of charging equipment can solve this issue and an EU-wide approach can
help accelerate both the establishment of recharging infrastructure and the production of
Electric Vehicles (EV).

1.1 The background to the topic

The transition to low carbon transport is one of the key targets of the EU’s current energy
and climate policies. The EU set the target that by 2050, emissions from transport (to the
exclusion of international waterborne transport) must be 60% lower than they were in 1990
and the EU must firmly be on the path towards full decarbonisation.

15
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Electromobility is currently seen as the most promising technology to curb Carbon Dioxide
(CO2) emissions in individual transport, meaning that its proliferation is a key element in the
efforts to reach EU Greenhouse Gas (GHG) reduction targets and the goals set in the Paris
Agreement’ to keep global temperature increases below 2 degrees Celsius. Additional
advantages include the increase of energy efficiency in transportation and the reduction of
smog and noise.

However, the development of electromobility in the EU, with the exceptions of a few front-
runner countries (please see Section 2.6.1), has been rather slow. Based on calculations
done by the authors of this study, the total share of Plug-in Electric Vehicles (PEVs) when
compared to the total stock of passenger cars was only around 0.3% in 2017 in the EU.
Nevertheless, the PEV passenger car market share of new registrations has increased over
the past five years, and so has the total stock of PEVs (please see Figure 2).

Figure 2: Evolution of total PEV stock an PEV market share in the EU28
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Source: Authors’ own calculations based on EAFO (2018)8 data.

One important aspect to facilitate the development of electromobility and more specifically
the uptake of PEVs is the deployment of charging infrastructure. A comprehensive charging
infrastructure is a prerequisite for the broad dissemination of electromobility. The charging
infrastructure in the EU has been increasing steadily, similarly to the total stock of PEVs
(please see Figure 3).

7 The Paris Agreement sets out a global action plan to tackle climate change by keeping global warming to well
below 2 degrees Celsius above pre-industrial levels and to pursue efforts to limit the temperature increase even
further to 1.5 degrees Celsius.

8  European Alternative Fuels Observatory (2018).

16



Charging infrastructure for electric road vehicles

Figure 3: Evolution of charging infrastructure in the EU28
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Source: Authors’ own calculations based on EAFO (2018)°.

1.2 Objective

This study analyses the various challenges of the deployment of charging infrastructure
within the EU. This includes existing technologies and standardisation issues, metering
systems and pricing schemes, business and financing models, the impact of the charging
infrastructure on the dissemination of PEVs, and the appropriateness of current technologies,
business models, and public policies. This study relates to charging points for electric cars,
vans, buses, and bikes. The objective is to highlight the key issues likely to be of concern to
the European Parliament's Committee on Transport and Tourism Members (TRAN) and
indicate possible actions that might be taken by the Committee. This study also serves as an
input for the revision of the AFID.

1.3 Scope

Electromobility refers to the use of EVs, which are defined as vehicles that use one or more
electric motors for propulsion.t® This vehicle category includes Battery EVs (BEV), Plug-in
Hybrid EVs (PHEV), and Fuel Cell EVs (FCEV). BEVs refer to vehicles that use only chemical
energy stored in a rechargeable battery pack to power the electric motor. PHEVs combine
the all-electric powertrain of a BEV with an Internal Combustion Engine (ICE). EVs and PHEVs
can be summarised as PEVs as they both can be recharged from an external source of
electricity. The many different aspects (technical standards, types, business models) of
charging infrastructure necessary for PEVs and the relation between availability of charging
infrastructure and uptake of PEVs is at the core of this study. Charging infrastructure is as
important for PEVs as a refuelling infrastructure (i.e. gas stations) is for conventional vehicles
with an ICE. FCEVs are not included in the scope of this study as they are powered by
hydrogen, which relies on hydrogen refuelling infrastructure.

PEVs are increasingly popular and come in several types, including passenger cars, buses,
and light trucks. M1!! vehicles are by far the most prominent PEV vehicle type on EU roads.

° European Alternative Fuels Observatory (2018).

10 European Environmental Agency (2016).
11 Vehicles used for the carriage of passengers, with no more than eight seats in addition to the driver seat.
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In 2017, light duty commercial vehicles (N1'?) and buses (M2!3 and M3'4) made up less than
10% of the EU’s total PEV car stock (please see Figure 4). For that reason, this study focuses
mainly on passenger cars. If not otherwise noted, when referring to PEVs the scope is always
M1 vehicles.

Figure 4: PEV fleet in EU28 by vehicle category

800.000
671,336

600.000
400.000
200.000

55,833

! 2,164
0 I
M1 N1 M2 & M3
m BEV PHEV
Source: Authors’ own calculations based on EAFO (2018)%°.
1.4 How to read this study

This study introduces the technical state of play for the charging of PEVs (Section 2.1) and
the different charging options and charging behaviour (Sections 2.2-2.5) before outlining the
stock of PEVs and existing charging infrastructure and related policies in front-runner
countries in Europe (EU28 and Norway) (Section 2.6) and globally (Section 2.7). Further
country fact sheets for all EU Member States and non-EU front-runners can be found in Annex
A. Chapter 3 informs on the outcomes of the authors’ assessment on the impact of charging
infrastructure on PEV dissemination, and in Chapter 4 the key business cases for charging
are analysed. In Chapter 5, the authors conclude the main findings of this study and provide
policy recommendations at EU level for supporting the expansion of charging infrastructure.

2 light duty commercial vehicles up to 3.5 tonnes.

13 Vehicles used for the carriage of passengers, consisting of more than eight seats in addition to the driver's
seat, and having a maximum mass not exceeding 5 tonnes.

Vehicles used for the carriage of passengers, consisting of more than eight seats in addition to the driver's
seat, and having a maximum mass exceeding 5 tonnes.

European Alternative Fuels Observatory (2018).
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2 CURRENT STATE OF PLAY

KEY FINDINGS

e In contrast to conventionally fuelled vehicles, Electric Vehicle (EV) charging does not
take place at a central location.

e While normal charging speeds are mostly covered by Alternating Current (AC)
charging power, fast charging is performed with Direct Current (DC) charging power,
which allows for much shorter charging times but incurs higher costs to the end
consumer.

e Fast DC charging stations availability is currently low, but there are efforts to
increase public availability and further push power levels from 50 Kilowatt (kW) to
up to 400kW.

e Alternative charging technologies such as battery swapping, wireless charging,
rapid bus charging and supercapacitors are not yet commercially viable on a large
scale.

e Broad access to public charging infrastructure depends on standardised physical
plugs and payment systems that are interoperable across different operators.
European Union (EU) legislation requires minimum standards for physical plugs and
payment systems so that interoperability between operators will likely be
implemented soon.

e Front-runner countries on electromobility in Europe include the Netherlands,
Germany, the United Kingdom (UK), France, and Norway. Outside of Europe, China
and the United States of America (USA) lead.

This chapter provides an overview of the state of play regarding charging infrastructure. It is
divided into sections on technical aspects of charging (Sections 2.1-2.4), charging behaviour
(Section 2.5) and information on the situation in front-runner countries (Sections 2.6-2.7).

2.1 Technical state of play

The refuelling of petrol or diesel cars is well-established and straightforward. There is only
one way to deliver the fuel - through a fuel pump - and for most drivers only one place to
access a fuel pump - at a retail petrol station. Plug-in EVs (PEVs), on the other hand, can be
fuelled at different rates of speed and at many different locations, including at home. The
complexity makes for a learning curve in the transition to using a PEV, but it also represents
a key benefit for consumers: PEV drivers no longer need to travel to a central location to
refuel.

This chapter reviews the current state of PEV charging, both technologically and regarding
where PEV charging occurs. Many types of vehicles (e.g. cars, trucks, or buses) can use
standard PEV charging equipment to deliver power at various levels, with the difference that
buses and trucks will most likely be charged at depots and that the much larger battery packs
require significant power and energy to deliver a full charge. Electrification with overhead
wires, as is done with some buses already, is not a part of this study.

E-bikes and Pedal Electric Cycles (pedelecs) do not have a specific plug but are primarily
charged with a conventional plug for the respective national socket that can power removable
batteries. Electric bicycles (e-bikes) are bikes with an integrated electric motor, whereas a
pedelec is a bicycle where the rider is assisted by a small electric motor.
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2.2

First, the distinction between charging stations and charging points needs to be clarified.
Some charging stations are equipped with two or more cords or connectors and have the
power capacity to charge two or more PEVs at once. Each connector is commonly referred to
as a charging point, and this term is most often used when reporting charging availability. In
other words, a station with a single cord is counted as one charging point and a station with
two cords and the capability to charge two vehicles at one time is counted as two charging
points. This helps to assess the availability of charging points more accurately than counting
the stations themselves.

Types of charging stations'6 17 18

DC fast charging stations (please see Table 2) often have two cords, but they are not always
capable of charging more than one vehicle at a time. For these stations, the two cords are
necessary because of the different connector standards for DC charging. These stations would
still be counted as a single charging point if only one vehicle at a time can utilise the station.
In this document, the term “charging station” refers to a single piece of PEV charging
equipment whereas a “charging point” refers to the individual connectors that can charge a
PEV at any given time.

The charging of PEVs can be divided into categories based on charging mode and charging
type, as presented in Table 2 below. All other things being equal, a faster charge would be
the preferred option for the driver, but higher power chargers cost more and may require
electrical upgrades, so different power levels are appropriate for different locations.
Moreover, it makes sense to match the power level of the charger to the amount of time a
PEV is expected to be parked to minimise the burden on the grid. It is therefore expected
that different charging modes will remain relevant in the future.

Table 2: Overview of charging modes and types

TERM DEFINITION AVAILABLE OPTIONS

Mode 1: Slow AC charging household charging
using home plugs, charging device integrated

Charging
mode

The charging mode
describes 1) the speed at
which a vehicle is charged,
2) defines the required
voltage, current and speed
which charging cables of a
particular mode have to
provide, and 3) defines the
level of communication
between the vehicle and
the power outlet. The
modes are defined in the
international industry
norm DIN?'® IEC?° 61851.

16
17
18
19
20

Navigant Research (2017a).
Navigant Research (2017b).
Navigant Research (2017c).
Deutsch Industrie Norm (Eng. German Industry Norm).
International Electrotechnical Commission.

in vehicle (250 Volt (V) 1-phase or 480V 3-
phase; max. 16 Ampere (A); 3.7-11kW*)

Mode 2: Slow AC charging with semi-active
connection to vehicle to communicate for safety
purposes if 32A can be drawn (250V 1-phase or
400V 3-phase; max. 32A; 7.4-22kW*)

Mode 3: AC charging with active connection
between charger and vehicle, i.e. to ensure
safety and communicate smart charging (250V
1-phase or 480V 3-phase; max. 32A; 14.5-
43.5kW*)

Mode 4: DC fast charging, active connection
between charger and vehicle (600V DC, max.
400A; 38-170kW*)
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TERM DEFINITION AVAILABLE OPTIONS

Type 1 (Yazaki, SAE2! J1772-2009): Allows
slow charging, found in North America

Type 2 (Mennekes, VDE22-AR-E 2623-2-2):
EU standard for slow charging

Type 3 (EV Plug Alliance): Allows slow
charging, found in Italy and France, not
installed anymore since 2012

_ Thecharging type Type 4 (CHAdeMO, JEVS2® G105-1993):
Charging  describes the plug that Allows slow and fast charging, found in Japan
type connects the vehicle and and Europe

the charging point.
CCS (Combined Charging System, Type 2
and Combo 2): EU plug standard for Type 2
slow charging and Combo 2 fast charging

Tesla Charger: International slow charging for
Tesla vehicles

Tesla Supercharger: International fast
charging for Tesla vehicles

*kW values apply to Type 2 (Mennekes)
Source: Authors’ own elaboration (2018).

2.2.1 Normal power charging (<=22kW)

Normal power charging is also referred to as slow charging. All PEVs come with a portable
charging cable that enables the vehicle to plug directly into an available AC outlet, and the
vehicle’s onboard charging equipment converts the power into DC power to charge the
batteries. However, PEVs in residential and commercial settings will typically use charging
stations designed with safety, management, and durability features that enable the daily
charging of PEVs. How fast the station will charge the vehicle depends on the PEV’s charging
power capability as well as the power rating of the station. PEVs today are typically capable
of home charging via an AC outlet from 3.3kW to 11kW, with there being a gradual shift
towards the higher power options as PEV batteries get bigger and as automakers respond to
consumer desire to have faster charging.

Home wallboxes are designed to accommodate the appropriate power level for the driver’s
PEV, while a commercial charging station may be capable of charging at multiple power levels
to meet the needs of many different PEVs.

Slow charging is sometimes called Mode 2 charging, a reference to the type of cable used.
In commercial applications, Mode 2 AC charging can also utilise a 480V 3-phase industrial
outlet for even faster charging. With industrial 3-phase outlets, a Mode 2 AC charger would
be able to reach charging levels up to around 19kW to 22kW and this unit can be wall-
mounted or pedestal-mounted.

21 Society of Automotive Engineers.

22 Verband der Elektrotechnik, Elektronik und Informationstechnik (Eng. German Association of Electrical
Engineering, Electronics, and Information Technology).

23 Japan Electric Vehicle Standard.
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Whenever a car is parked for several hours or overnight, Mode 2 AC charging is a good option.
It can also fully serve the needs of Plug-in Hybrid Electric Vehicles (PHEVs) with its much
smaller batteries. The costs of these stations vary widely depending on whether they are
destined for home or commercial use, the power level, and other features such as network
connections.

2.2.2 High power charging (>22kW)

There are two main options for fast charging (i.e. high-power charging): AC and DC charging.
A fast charging mode that uses 3-phase AC power can provide power levels up to 43kW. The
Renault Zoe, which continues to be one of the biggest sellers in the EU market, is capable of
43kW AC charging when connected with a 62A 240V outlet. However, this level of charging
is only applicable where 3-phase power is offered and it is not widespread beyond the Zoe.
It has the benefit of faster charging than other AC chargers, but at a lower cost than DC fast
charging technology, the fast charging used by almost all automakers.

DC fast charging provides power at a higher rate than most AC charging. A DC charger
converts the AC power from the grid to DC power required for direct battery charging. This
is primarily a service for Battery Electric Vehicles (BEVs) rather than most PHEVs (apart from
the Mitsubishi Outlander PHEV), as the higher rate of power from DC equipment is needed to
fully charge a large battery within an acceptable time-frame.

A DC charging station costs significantly more than an AC charging station, but provides a
charge in much less time. Most DC chargers today offer power at 50kW, although there are
some that are lower, at around 20-25kW. More significantly, there is currently a push
towards DC chargers at 100-150kW power levels, and even up to 400kW, to serve the next
generation of PEVs with much bigger (80 Kilowatt-hour (kWh) and higher) batteries. The goal
of a DC charger is to be able to provide up to 80% of the PEV'’s charging levels in 20 minutes
or less. With batteries becoming larger (i.e. increased electrical storage capacity), DC
charging will move to higher power levels to continue to meet this goal. At present, fast
charging puts a strain on batteries, especially if fast charging is carried out often.
Furthermore, charging speeds beyond 150kW require a different standard of technical
hardware in the vehicle.

According to expert opinion power levels higher than 150kW will, at least in the short and
medium term, only be relevant for a small premium segment. Such high-power levels are a
technological challenge for the battery, and the availability of models that can charge with
these power levels will remain limited.
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Figure 5: Publicly accessible charging points in the EU28
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Normal power charging High power charging
Source: Authors’ own calculations based on EAFO (2018)2* and BDEW (2017a)?° data.

To date, normal power chargers have been deployed at much higher rates than high power
chargers. There are around 90,000 publicly accessible normal power charging points and just
over 12,500 high power public charging points in the EU in 2017 (please see Figure 5). It is
important to note that the data of the European Alternative Fuels Observatory (EAFO) for
Germany in 2017 are incorrect, assuming a higher number of charging points. The authors
therefore have used the data from the German Bundesverband der Energie- und
Wasserwirtschaft (BDEW) (Eng. German Federal Association of the Energy and Water
Industries) for charging points in 2017, and corrected the aggregated number of charging
points in the EU28 in 2017. In general, the data on existing public charging points is limited
and there is a need for a central database (please see Box 1).

Box 1: Lack of central database on charging points

The data on the existing charging infrastructure is currently insufficient. There are a variety
of services showing the location of charging points, but they are often faulty or incomplete.
A centralised database of all existing charging points does not exist. There are national efforts
to establish such a database. For example, in Germany, the Federal Grid Agency was given
the mandate to establish a register. However, the availability of information depends on the
voluntary notification to the Federal Grid Agency by the charging operator. Therefore, the
data may remain incomplete. A comprehensive database is an important prerequisite for a
coordinated approach to the rollout of charging infrastructure. Public access to the data would
allow for business models to develop.

Table 3 below provides an overview of charging types by power and an estimate of how many
kilometres of travel distance the charger will provide in 10 minutes. Charging time remains
a clear drawback for PEVs compared to conventionally fuelled cars. Table 3 also shows how
much power can be delivered by each charging type.

Using the Renault Zoe Z.E. 40 as an example, a full charge would take 13.5 hours at a 3kW
charging point; 6 hours at a 7kW charging point; and 2 hours at a 22kW charging point.2% At
a 50kW DC fast charger, the vehicle could get an 80% charge in 1 hour. To fully recharge
the Volkswagen Golf with 300 Kilometre (km) range would take 10 hours at a 3.6kW charging
point, while a 50kW DC fast charger provides an 80% charge in 45 minutes.?’

24 European Alternative Fuels Observatory (2018).

25 Bundesverband der Energie- und Wasserwirtschaft (2017a).
26 Renault Zoe Charging Guide (2017).

27 The Telegraph (2017).
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Table 3: Currently available charging points?22

KILOMETRES COST FOR A
POWER PER 10 TYPICAL SINGLE

OUTPUT MINUTES OF LOCATIONS CHARGING
CHARGE POINT*

AC Mode 2 up to

Home 11kW 1-2 Home < Euro (EUR) 800
Private
AC Mode 2 up to !
Commercial  19.4kW 3.2 Worl_<p|ace, and <EUR 2,000
Public
AC Mode 3
22kW or . . EUR 1,000-
Fast _ 43KW 21 Public, Private 4,000
Charging
DC fast
charging 20-50kW 64 Public, Private EUR 20,000
(standard)
DC high
100- . EUR 40,000-
power fast 400KkW 90 Public 60,000
charging

*Note: this is only the purchase cost of the charger itself, not the installation, grid connection or operational costs.
Source: Authors’ own elaboration (2018).

2.2.3 Bus charging

Bus chargers require much higher power chargers than those used for cars. All-electric bus
batteries need to be large enough to power a heavy vehicle over a daily route of
approximately 160km, so battery pack capacity is typically in the region of 300kWh. Bus
chargers are typically rated up to 300kW, compared to the typical DC station today that
delivers up to 62.5kW or the Tesla Supercharger which provides up to 120kW. A primary
challenge for battery electric buses is the cost of the charging infrastructure, and the cost of
the electricity needed to charge a fleet of buses at high power.

The duration of charging is also an issue, with fleets needing to take buses out of service to
be charged overnight or invest in faster charging stations. For this reason, charging
manufacturers and bus Original Equipment Manufacturer (OEMs) are exploring alternatives
to rapid depot-based charging, as is discussed in Section 2.2.4.3.%° Note that some bus
manufacturers now offer PEV lease packages that include the necessary charging
infrastructure and maintenance in a single monthly payment to make it easier for bus fleet
operators to compare costs to those of the conventional vehicles with which they are familiar.

28 Information provided is an average across Electric Vehicle Supply Equipment type, based on individual
charging manufacturer specifications.
2% Navigant Research (2017d).
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Box 2: Safety of charging

In the fall of 2013, three fires were caused by PEVs (Tesla), raising doubts about the
technology’s safety. Accidents related to PEVs can occur due to electric, thermal, or chemical
safety hazards both during the charging process and the use of the vehicle.

For electric cars, the safety standards of lithium ion batteries are set in the international
standard IEC 62660 (sections 1-4). This norm prescribes testing procedures addressing the
electric, thermal, and chemical safety of batteries. Charging modes and the respective safety
norms are defined in the international industry norm DIN IEC 61851.

Various studies and crash tests have shown that in accidents, EVs are at least as safe as
combustion engine vehicles.3° 31 32 One safety hazard arises from the wrong handling of
charging equipment by the end user. Therefore, intuitive equipment and the instruction of
end users is an important factor to ensure a high safety standard. In the case of DC chargers,
extremely high levels of power are delivered, which present a new challenge for cooling.
While all chargers are cooled, fast chargers with 300kW and above require liquid cooling in
the cables to dissipate the heat inside. The risks and required safety measures are known,
but no incidents have happened so far.

There are potential safety concerns surrounding wireless charging. Since the charging occurs
without direct human control, it must be designed to respond safely to the presence of foreign
objects and living objects under or near the electromagnetic field. For example, metal objects
that roll under the charging vehicle could heat up, so the vehicle must be able to detect the
presence of such an object and respond appropriately. Similarly, the charging system should
recognise and protect an animal or child that enters the electromagnetic field. These safety
issues are well understood by developers, and standards are being developed by the IEC as
well as the USA based automotive professional association, and the standards developing
organisation SAE International.

Overall, there are no indications that EVs pose higher risks than Internal Combustion Engine
(ICE) vehicles.

In the case of e-bikes and pedelecs, safety continues to be a concern. Risks emerge from the
use of chargers not approved by the manufacturer, the lack of battery management systems
to monitor the batteries and avoid overloading, and the uncontrolled global trade with
different vehicle types. There have been several incidents, such as a fire at a bike dealer in
the Netherlands caused by a pedelec.®

2.2.4 Alternative charging technologies

For the most part, current charging technologies - separate AC or DC charging units with a
cord that connects to the vehicle - are sufficient to satisfy the PEV market as it is today.
However, alternatives to the current technology have spurred interest with the promise of
addressing some of the drawbacks of PEV charging, such as the length of charge time. Battery
swapping (an alternative to charging), wireless charging, rapid bus charging, and
supercapacitors are four emerging technologies sparking interest.

30 Allgemeiner Deutscher Automobil-Club (2017).
31 Dekra (2012).

32 Schaufenster Elektromobilitat (2017).

33 Bike Europe (2018).
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2.2.4.1 Battery Swapping

Battery swapping offers the promise of circumventing PEV recharging time and range
limitation issues. A battery swapping station allows the PEV driver to replace the entire
battery pack in minutes. While not a charging technology, this concept could offer an
alternative to the need for conventional public charging equipment. The concept attracted
the greatest level of interest and investment in the early years of the PEV market, from
2008-2014. During this period, a few countries adopted public battery swapping installations,
including China, Denmark, and Israel. However, battery swapping requires all vehicles to be
designed for easy battery access and standardisation across automakers’ vehicles. This is not
often the case, so it is a significant barrier to this solution being adopted widely. In addition,
battery swapping stations are costly; early estimates were that a station could cost around
EUR 400,000 to install.3* Adding to these challenges, batteries are one of the PEV components
that is evolving the most rapidly. It would add further costs to battery swap stations to
maintain the most current technology for customers. Together, these challenges have
prevented battery swapping from taking hold as a commercially viable alternative to charging
and the solution has largely been dropped in most PEV markets. 3>

One notable exception is China, which has continued to pursue battery swapping in its
portfolio of PEV charging options.3¢ The State Grid Corporation of China plans to expand on
its existing network of battery swapping stations. Chinese automaker Nio unveiled the ESS,
an all-electric Sport Utility Vehicle (SUV) that is equipped for battery swapping.3” Tesla has
also been developing battery swapping technology over the years.38

Battery swapping could become a viable solution in certain fleet applications that use only
vehicles of one car manufacturer. Indeed, the battery swapping solution is likely highly
desirable in automated driving environments due to the speed by which a vehicle may be
placed back into service, and ancillary benefits such as the ability of a company to monitor,
maintain, and recycle batteries and employ off-vehicle batteries in various grid service
markets. Battery swapping may eventually return as a viable solution for transportation
electrification as automated, shared mobility services comprise a larger share of the personal
vehicle market.

2.2.4.2 Wireless Charging

An emerging technology is wireless charging, which allows a vehicle to charge without being
plugged into a charging station. A wireless charging system consists of a ground pad that lies
beneath a parked vehicle and a receiving system embedded into the underside of the PEV
that connects to the vehicle’s power electronics and battery systems. Power is transmitted
from the ground pad to the receiver, charging the car. The system also has a control unit
mounted in proximity to the ground pad that manages the charging.

The primary benefit of wireless charging is the ease of use, since the driver no longer has to
plug into the PEV every time they want to charge the car. Other benefits are the lack of cord
management, most likely to be a concern in public charging locations where a lengthy
charging cord may prove a hazard to the public right-of-way or drivers may not consistently
return plugs to the charger. There may also be an aesthetic benefit of not having chargers
with dangling cords in public spaces. However, wireless charging is more expensive than

34 Business Insider (2009).
35 Navigant Research (2013).
36 Next Big Future (2017).

37 Green Car Reports (2017).
38 Electrek (2017a).
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current wired solutions. It is also less efficient than wired charging due to the transfer of
power through the air. However, this reduced efficiency is negligible.

Although aftermarket wireless charging technology has been available since 2014, wireless
charging will primarily be offered as a factory-installed option by automakers. Almost all auto
OEMs (i.e. automakers), and a few tier one suppliers3, have been pursuing wireless PEV
charging for several years, with a few announcing plans to introduce wireless charging in
production vehicles as early as 2018. However, wireless charging is still a technology under
development for commercial launch, with a host of complex operational and safety issues
that must be addressed. For example, the wireless system must be able to charge PEVs with
various ground clearance levels, especially if they will be placed in a public charging location.
Also, wireless charging stations must allow some variance in the vehicle placement over the
ground pad. The wireless system must be able to detect the presence of living or foreign
objects in the charging field and respond appropriately. Technology developers are ahead in
addressing these challenges, but the full-scale commercial launch of wireless charging is still
likely to take a couple of years.

In addition, for wireless charging to truly compete against the current field of conductive
charging technologies, there needs to be industry standards that will allow wireless chargers
to be readily deployed across the spectrum of PEVs. Industry stakeholders are working
through the SAE to establish such standards, and in November 2017, the SAE published its
“J2954 Recommended Practice for Wireless Power Transfer for Electric Vehicles”. This
standard specifies acceptable criteria for interoperability, electromagnetic compatibility,
minimum performance, safety, and testing.

Finally, for this technology to replace conventional charging, it is likely that developers and
automakers must either bring down costs or absorb the costs as part of the vehicle’s purchase
price. It is possible that the convenience will be enough to spur drivers to adopt wireless
charging in spite of the higher cost, but it is unclear at present how much and how quickly
this technology will be embraced. It is likely that the first market will be with premium model
PEVs as an option for home charging. Car-sharing or taxi fleets may find wireless charging
attractive as a way to ensure PEVs are being charged without relying on the drivers to plug
them in. Wireless charging could be attractive in public charging applications in the long term,
but this is not likely to occur until the technology is widespread among the PEV fleet.

Dynamic charging is another wireless option. With dynamic charging, the charging technology
is embedded in the roadway, and vehicles receive a charge when they drive over it. This
technology option is not as close to commercial viability as stationary wireless charging is. It
would be an even more costly alternative than stationary wireless charging because it needs
to be built into lengths of roadway. As discussed in the next Section 2.2.4.3, it is being
pursued especially for bus or other fleet operations that drive a set route, where the cost of
roadway upgrades could be limited.4?

2.2.4.3 Rapid Bus Charging

As it becomes available, rapid bus charging could help to overcome the charging barrier and
deal with range anxiety for bus fleets. Since they operate on a fixed route, buses could top
up battery charge via a wireless connection at a rest point or turnaround. This solution would
also allow the use of smaller, lighter, and cheaper battery packs. Such systems have been

39 A tier one supplier is a company supplying components (e.g. doors, light modules) directly to the OEM that set
up the car industry supply chain.
40 Navigant Research (2018).
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tested in Italy, Germany, South Korea, the USA, and the United Kingdom (UK). The biggest
challenge to widespread adoption is the agreement on technical standards.

Some systems use induction charge plates under the road surface and some manufacturers
prefer an overhead system that makes contact via an automated pantograph, either on the
bus or on the charging station to eliminate the need for a manually inserted plug. For
example, in the USA, electric bus manufacturer Proterra has offered licence-free use of its
patented overhead, en route, opportunity charging system to encourage cooperation among
OEMs. In 2016, ABB#! introduced a 600kW flash charger that is designed to top up bus
batteries in about 15 seconds at bus stops. The bus can receive a full recharge when it returns
to the bus depot, using a lower power charger. In 2017, ABB announced a 450kW Opportunity
Charging (OppCharge) system to be trialled with Volvo. These options all present their own
cost challenges, as the infrastructure must be deployed across the bus routes, rather than
simply at the centralised depots, but they offer a solution to the problems of significant
downtime for charging and costs related to high power charger installations.4? 43 44

2.2.4.4  Supercapacitors

Capacitors offer an alternative to batteries for electrical energy storage via electric charge
between two plates rather than through chemical changes. The larger capacity components
are typically referred to as supercapacitors or ultracapacitors. Supercapacitors offer a very
high power density compared to most batteries, which means they can be recharged much
quicker. The main shortcoming of supercapacitors is their low energy density (i.e. storage
capacity). Thus, they are better suited for mild-hybrid and stop-start applications than long-
range, all-electric drive. Supercapacitors also have a good reputation for long life without
degradation and operate with little sensitivity over a wide range of temperatures.*®

Due to their low storage capacity, supercapacitors are very limited, niche and so far, no
company has successfully produced them at cost competitively.

2.3 Standardisation of physical plugs in electric vehicles

There has been a lot of discussion about the interoperability of charging types and the lack
of standardisation for physical plugs. Interoperability of charging stations is key, especially
for the realisation of cross-border travel. Charging stations are considered interoperable if
they can serve a large variety of PEV models and offer payment methods that are accessible
for all PEV drivers.

Standardisation guarantees interoperability, provides clarity to manufacturers, allows for
economies of scale, and ensures that safety standards are complied with. Besides the physical
plugs and sockets, standardisation is relevant for charging protocols and payment systems,
which will be discussed in Section 2.4.

The aim to standardise PEV plugs can be traced back to the 1900s, but the introduction of
common standards began much later. In the absence of clear legislation, different plug
designs were developed in Europe and globally, which is presented in Table 4 for AC charging
and in Table 5 for DC charging.

41 ABB is a Swedish-Swiss multinational corporation operating mainly in electrical equipment, power, automation
technology, and robotics.

42 Inside EVs (2016).

43 Electrek (2016).

44 ABB Group (2017).

45 Navigant Research (2017e).
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Table 4: Type and geographical distribution of the most common AC charging

connectors
Tvpe 2 Type 3 (EV Plug
TYPE Type 1 (Yazaki) (I\zlznnekes) Alliance) Tesla (USA)
GEOGRAPHIC North America, Europe, Italy. France ;I;]els\:zr\;ﬁhlcles
DISTRIBUTION [RE]sE]g China yi America
USA and
AUTOMAKERS [BEIEIIES MEIEEICIN Nl IR e Tesla
for EU sales anymore
automakers

Source: Authors’ own elaboration (2018).

Table 5: Type and geographical distribution of the most common DC charging

connectors
CCs
Type 4 COMBO1 CCS COMBO2
LA (CHAdeMO) (North (Europe) Sl g
America)
(1o Y.\ I (ol Japan, Europe  North Eurone Z%r;?ica
DISTRIBUTION N@lslilRrAckic)} America P !
Europe
Nissan, BMW, Daimler, Ford, Fiat
AUTOMAKERS Mitsubshi, Kia, Chrysler, General Motors, Tesla vehicles
Citroén, Peugeot Honda, Hyundai, Volkswagen

Source: Authors’ own elaboration (2018).

In 2014, the European Commission introduced the EN 62196 Type 2 standard, also known
as the Mennekes plug, for slow charging. The Combo 2 was also introduced for fast charging
as minimum standards for the equipment of charging points.4® Combo 2 is based on the CCS,
the international norm for EVs: IEC 62196. In theory, future physical interoperability is
warranted in Europe. However, some slow charging stations are equipped with Type 3 plugs
and many fast charging stations today are equipped with both a Type 4 (also known as
CHAdeMO) and a CCS Combo connector. This enables charging by vehicles with either type
(they are not equipped with a Tesla connector as Tesla continues to manufacture, own, and
operate its own line of fast chargers). Charging stations with Type 3 plugs for slow charging
and the Japanese standard CHAdeMO for fast charging had already been built before 2014,
so that individual charging stations may still not be operable for all vehicle models. To date,
over 4,000 CHAdeMO stations are installed in Europe.#” Type 3 charging stations were built
in Italy and France until 2012, but are no longer installed since Type 2 charging became the
dominant charging connector in the EU. For such cases where physical interoperability is not
fully warranted, there have been some bilateral attempts to further harmonise standards.
Attempts include the project CROME, a German-French cooperation that agreed to offer Type
2 and Type 3 plugs in the regions Alsace, Lorraine, Rhineland-Palatinate, Saarland, and
Baden-Wirttemberg. As a result, PEV drivers do not need to transport additional cables in
the region anymore.“®

46 Directive 2014/94/EU on the deployment of alternative fuels infrastructure (2014).
47 CHAdeMO (2017).
48 Karlsruhe Institute of Technology (2018).
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At present, slow charging does not face significant technology standardisation issues. What
may cause some confusion among consumers is the different charging levels that each PEV
is capable of — which in turn determines the type of wallbox charger they should buy if they
intend to charge at home. While consumers should be given guidance on this during the
purchase process, any confusion over the charging process could cause some consumers to
be wary of buying a PEV.

For DC fast charging, automakers have developed three different DC fast charging standards
for their vehicles: CCS Combo, Type 4 (CHAdeMO), and the Tesla Supercharger. Each
supports specific plugs and adapters and each is championed by a single or set of
automakers. Supercharger stations apply only to Tesla BEVs. CCS Combo is the standard of
choice for most USA and German car companies including General Motors, Ford,
Volkswagen/Audi, BMW, and Daimler. CHAdeMO is preferred by Japanese and French car
companies, including Nissan, Mitsubishi, and Peugeot. Kia has opted for a CHAdeMO plug on
its BEVs (like the Kia Soul), but the Hyundai Ioniqg will use CCS Combo for its high-power
charging. To satisfy the higher power requirements of medium and heavy-duty vehicles,
many manufacturers have developed proprietary fast charging solutions of up to 400kW. This
includes both cabled solutions that plug into the chassis, and overhead pantograph systems.
With the power of light duty charging reaching 300-400kW, there is a potential for the same
standard connectors to be offered on electric buses and trucks.

PEVs are generally equipped to use only one type of DC fast charging plug. As such, PEVs
that only have a CHAdeMO plug are not able to use DC fast charging stations that require a
CCS Combo plug, and vice versa. However, more charging equipment manufacturers are
delivering products with connectors that support both standards.

Globally, it does not appear that automakers will coalesce around a single connector standard
(as indicated by the different options chosen by different OEMs). This adds some cost to the
equipment because of the need for two cords and connectors. In addition, as the cables need
to be cooled, costs are increased for the dual supply. However, new DC fast charging
deployments increasingly have opted to use dual-cord stations, to ensure maximum
utilisation from PEV drivers, and the incremental cost of a second cord is relatively small
compared to the total cost of DC fast charging station deployment.

The cost of deploying fast charging networks is increased somewhat by this lack of a single
standard for DC charging, but at present it does not appear to be a significant barrier to
widespread deployment and use of DC fast chargers.

2.4 Payment systems and communication protocols

This section deals with the payment and communication process at charging stations with a
special focus on the issue of interoperability.

24.1 Interoperability of payment systems

The bill for public charging is calculated on the basis of either energy use, charging time, flat
rate tariffs, or a combination of the three. In the absence of detailed regulation in the early
years of charging infrastructure rollout, a diverse range of payment systems was developed
by the industry. Charging stations therefore do not have a uniform payment mechanism.
Payment options include cash, Radio-Frequency Identification (RFID) cards specific to
charging network operators, mobile phone or direct communication between the car and
charger, SMS payment, and payment with credit cards. Customers of one charging station
operator cannot always charge conveniently at a station from a different operator.
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Consequently, drivers often have to sign up with multiple charging networks, carry the
respective access cards and/or use a variety of mobile apps for access to the operator.

Directive 2014/94/EU on the deployment of alternative fuels infrastructure (AFID) addressed
this issue by allowing charging operators to provide recharging services to customers on a
contractual basis, including in the name and on behalf of other service providers, and by
obliging operators to offer charging services on an ad hoc basis with no prior contract.4°
Charging at one charging station on behalf of a different operator requires that roaming
between the operators works, which means that the two operators need to have a contractual
agreement. Roaming requires that the charging stations have an internet connection, that
their protocols are compatible, and that the station has either a RFID card reader or a function
for remote activation.

Currently, most EU Member States have a minimum of two different billing systems in place
and most allow for ad hoc charging. Attempts to develop roaming solutions are currently
national or even local. Hubject, the joint venture launched by the BMW Group, Bosch,
Daimler, EnBW, Innogy, Siemens, and Volkswagen aims at harmonising roaming.>® The
roaming platform E-clearing has the same purpose. There are also bilateral initiatives
between charging station operators. An example for a municipal initiative is the city of Berlin,
which introduced a single RFID card for all charging stations. The current situation is not
always convenient for customers, in particular when travelling internationally.

However, charging infrastructure operators are confident that the payment systems will be
interoperable within the coming years as the market is moving quickly to find solutions. In
addition, a research initiative was launched in 2015 between the EU and the USA to develop
solutions for interoperability of PEVs and smart grids.>!

In conclusion, EU legislation to ensure interoperability of payment systems was introduced
rather late in the development of payment mechanisms.>? In the absence of common
standards, different business models evolved while interoperability was not ensured. While
the interoperability of payment mechanisms will likely be warranted by industry solutions in
the near future, further regulation (in particular with regard to smart charging applications)
will be needed to ensure an EU charging network that takes into account future needs.

2.4.2 Interoperability of communication protocols

Standard protocols carry out the communication between the car, the charging stations, the
grid, and the roaming platforms. Communication functions include identification,
authorisation, battery status, etc. Currently, there is a large variety of different protocols in
place globally, which are not always interoperable. Not all protocols encompass services like
roaming for payment and smart charging. To make charging stations operated by different
providers accessible for a broad range of clients, many national providers of charging
infrastructure have agreed to use the Open Clearing House Protocol (OCHP). The actors
involved include Ladenetz.de (Germany), ElaadNL (the Netherlands), BlueCorner (Belgium),
Becharged (Belgium), Estonteco (Luxemburg), Vlotte (Austria), ESBeCars (Ireland), and
Inteli (Portugal).

4% Directive 2014/94/EU on the deployment of alternative fuels infrastructure (2014).
50 Hubject (2018).

51 European Commission (2015).

52 Directive 2014/94/EU on the deployment of alternative fuels infrastructure (2014).
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Another protocol supported by a broad range of actors is the Open Charge Point Protocol
(OCPP), which was initiated by ElaadNL, a collaborative foundation created by a number of
Dutch grid operators and has more recently gained acceptance in the USA. For the further
development of protocols, ElaadNL recommends that smart charging functions need to be
improved. >3

In addition, gaps remain with regards to Information Technology (IT) security, meaning that,
for example, the protection of user data is not ensured. The German Commission for
Electrical, Electronic & Information Technologies of DIN and VDE (VDE/DKE>*) has established
a working group to define the exact use and safety measures of protocols, which are
responsible for the data exchange between the car and the charging station.

2.5 Charging behaviour

As already noted, charging can take place anywhere a car will be parked for some period and
where electricity is available. This can be at home, at work, at any retail or entertainment
destination, and at public or private car parks. Investments in PEV charging spots to date
have attempted to predict where drivers will want to charge.

There are three main factors that influence PEV drivers’ decisions about where and how to
charge: time, cost, and convenience. It is the nexus of these three factors that leads to
consumer decisions about where and how to charge.

A driver generally would prefer their PEV recharge as quickly as possible, but drivers will
prefer to charge in locations where they have ready access and where the charging
experience is not disruptive to their schedule. Convenience tends to favour home charging
as the first choice, if available.

It has also driven interest in charging at work or other locations where vehicles tend to be
parked for longer periods of time. If home charging is not a good option, the driver must
make decisions based on charging opportunities, what they will pay to charge, and the
amount of charge needed for the intended distance travelled. For drivers without a home
charger, both low and high power public charging spots are needed. For all drivers who wish
to drive between cities and countries, high power DC fast charging stations are needed at a
sufficient availability to ensure drivers can find a station without running out of charge.

In Europe, most people can charge at home or at work.>> However, the availability of public
charging stations increases the value of PEVs to drivers substantially, because as charging
on routes other than to work is enabled, flexibility is thereby increased, and range anxiety is
dampened.>®

Much of today’s conventional wisdom on charging behaviour is based on anecdotal
observations of PEV drivers, and some limited public reports on drivers’ charging habits. A
2017 study by researchers at the Imperial College in London surveyed PEV drivers in the UK
and Ireland.®” They found that the key factors that affected where charging occurred and the
distances driven by the PEV owner were:

53 ElaadNL (2016b).

54 Deutsche Kommission Elektrotechnik, Elektronik und Informationstechnik (Eng. German Commission for
Electrical Engineering, Electronics, and Information Technology).

55 Bakker S., Leguijt P., van Lente H. (2015).

56 Dimitropoulos A., Rietveld P., van Ommeren J. N. (2011).

57 Latinopoulis C., Sivakumar A., Polak J. (2017).
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Gender: Men are more likely to charge their PEVs out of the home than women. The research
comes to the conclusion that this may be due to difference in labour force participation rates
or feelings of public safety.

Employment: The employed have a higher tendency to charge their vehicle away from their
home, compared to students, retirees, and the unemployed, suggesting the use of workplace
chargers.

Vehicle availability: People with access to both a PEV and an Internal Combustion Engine
(ICE) vehicle tend to charge more at home. These drivers may opt to use their PEV for shorter
distance trips, and use the ICE vehicle for longer distances.

Owning versus leasing: Drivers who rent/lease PEVs are more likely to charge at different
locations than drivers who own their vehicle.

Charging costs: Generally, drivers who indicated their recharge costs were zero in public
locations are more likely to charge away from their home. This may indicate the use of free-
to-charge public stations. Drivers who utilise free-to-charge stations are also more likely to
pre-plan their travel activities.

Travel flexibility: People who indicated flexibility in their daily schedules tend to charge
their vehicles at home. This is possibly due to it being less time-sensitive and therefore not
discouraged by longer charging times.

Importance of mobility: Those who believe their mobility is indispensable have a higher
likelihood of performing midday out-of-home charging. This is indirectly related to feelings
of range anxiety.

PEV experience: Drivers who have more experience with EVs are more likely to drive farther
than those who do not. This may be due to the comfort with the charging needs of the vehicle
and reduced range anxiety.

Charger uncertainty: Uncertain availability of public charging infrastructure may also play
a role in drivers’ decision to charge their vehicle at home.

2.6 State of play in Europe

The EU has several regulatory measures in place that aim at increasing the number of
charging points and the uptake of PEVs across the EU. The most prominent instrument is
Directive 2014/94/EU on the deployment of alternative fuels infrastructure (please see Box
3). By promoting infrastructure for both refuelling and charging with alternative fuels such
as electricity, hydrogen and natural gas, this directive is seeking to facilitate the market
uptake of electromobility across the EU and to reduce European dependence on oil and oil-
related products. Moreover, it aims to facilitate the standardisation of the technical
specifications of charging points and make information on the use of alternative fuels more
easily available to customers.®® Each EU Member State is obliged to submit a national
strategy on AFID implementation. For example, the German national strategy lays out an
investment plan of almost EUR 1 billion, of which EUR 300 million are allocated towards
charging infrastructure programmes. >°

58 Directive 2014/94/EU on the deployment of alternative fuels infrastructure (2014).
59 Bundesministerium fir Verkehr und digitale Infrastruktur (2016).
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Box 3: EU Directive on the deployment of alternative fuels infrastructure

“Under the Directive, each EU Member State has two years to draw up an alternative fuel
deployment strategy and send it to the European Commission. These strategies or "national
policy frameworks" will set out the country's national targets for putting in place new recharge
and refuelling points for the different types of "clean fuel”, such as electricity, hydrogen and
natural gas, as well as relevant supporting actions.”®°

The Directive tackles the following:

-  Economies of scale: The build-up of an EU-wide network of charging and refuelling
stations.
- Operability: The development of harmonised EU-wide standards.

To achieve these goals, the Directive sets out specific requirements that must be addressed
in the national policy frameworks, which had to be submitted to the European Commission
by the end of 2016.

Key requirements include:

- Set national target on the appropriate number of refuelling and charging points
accessible to the public, to ensure that EVs can circulate at least in urban and suburban
agglomerations by 31 December 2020.

- Define common technical specifications for charging points for PEVs and refuelling points
for Liquified Natural Gas (LNG), Compressed Natural Gas (CNG) and, hydrogen-powered
vehicles.

- Ensure that charging stations are equipped with Type 2 (Mennekes) for slow charging
and CCS Combo 2 for fast charging (minimum requirement).

- Provide relevant, consistent, and clear consumer information.

In addition, the European Commission is also seeking to increase the level of home charging
by proposing that, as of 2025, charging stations should be built into new residential buildings
with over 10 parking spaces.®' Lastly, the Trans-European Transport Network (TEN-T)
regulation - in particular, the Innovation & New Technologies section - facilitates the
deployment of low carbon transport infrastructure, while the Connecting Europe Facility (CEF)
provides funding.®? % As an example of EU funding programmes, the Green Vehicles
programme has a total budget of EUR 56 million and supports road transport innovation
including research on interfaces between the vehicle and the charging infrastructure.®*

Apart from the regulator, the industry is also increasingly taking action in order to realise a
comprehensive charging infrastructure in Europe. One example is Ionity, a strategic
partnership between BMW, Daimler, Ford and Volkswagen with Audi and Porsche. Their goal
is to build a network of reliable, high power charging stations (up to 350kW) along major
routes across Europe. By joining forces with German service station group Tank & Rast, the
international oil & gas companies OMV and Shell, and the convenience store chain Circle K,
Ionity has secured the coverage of more than half of the approximately 400 sites planned
between now and 2020.6>

60 Directive 2014/94/EU on the deployment of alternative fuels infrastructure (2014).
61 European Commission (2016b).

62 Regulation (EU) No 1315/2013 (2013).

63 European Commission (n.d.).

64 European Commission (2017a).

65 Tonity (2017).
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Policy and industry actions have resulted in the deployment of charging infrastructure for
PEVs across the EU. As seen in Figure 6, the number of publicly accessible charging points
varies drastically across EU Member States. Western European countries such as the
Netherlands, the UK, Germany, France, and Norway already have more than 10,000 public
charging points in place.

Figure 6: Number of PEVs (M1¢%) and publicly accessible charging points in Europe
(EU28 and Norway) (2017)
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Source: Authors’ own calculations based on EAFO (2018)%7, BDEW (2017a)%8, and Commission (2017b)%° data.

Table 6 gives an overview of the incentives for electromobility and charging infrastructure
provided in the different EU Member States. As of 2017, several EU Member States have no
or only a few incentives in place. However, this is expected to change with the EU Member
States having to submit a national policy framework which addresses the key requirements
of the AFID (please see Box 3).

66 Vehicles used for the carriage of passengers, with no more than eight seats in addition to the driver seat.
67 European Alternative Fuels Observatory (2018).

68 Bundesverband der Energie- und Wasserwirtschaft (2017a).

69 European Commission (2017b).
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Table 6: Comparison of EU Member State incentives for EVs and charging
infrastructure (please also see the country fact sheets in Annex A)

COUNTRY BONUS CHARGING
PAYMENTS | BENEFITS | INCENTIVES | INFRASTRUCTURE
AND INCENTIVES
PREMIUMS
Austria v v v v
Belgium v v v
Bulgaria v
Croatia v
Cyprus v
Czech Republic v
Denmark v v v
Estonia
Finland v
France v v v v
Germany v v v v
Greece v
Hungary v v
Ireland v v v v
Italy v v v
Latvia v v
Lithuania v
Luxembourg v
Malta v v v v
The Netherlands v v v
Poland
Portugal v v v
Romania v v
Slovakia v v v
Slovenia v v
Spain v v v v
Sweden v v
The UK v v v v

Source: Authors’ own elaboration based on EAFO (2018)7° data.

70 European Alternative Fuels Observatory (2018).
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2.6.1 Front-runners on electromobility in Europe

The front-runners in Europe were selected based on the high market share of PEVs or the
number of installed charging points (please see Figure 7). These factors make them leading
countries compared to other European countries. For the case of electromobility, a PEV
market share represents the percentage of PEVs sold in a year compared to the total
passenger car sales in the same period. For instance, Norway had a PEV market share in
2017 of almost 40%, meaning that four out of 10 newly registered passenger cars in 2017
were PEVs.

Figure 7: Five front-runner countries in Europe

Source: Authors’ own elaboration (2018).

Table 7: Comparison of key electromobility parameters for front-runners in 2017

THE THE
2.2

PEV market share [%] 39.19 1.56 1.91 1.75
PEV share of total car stock [%] 1.43 7.69 0.27 0.42 0.38
Ratio PEV to charging point 3.63 15.23 6.69 9.66 7.58
Publicly accessible normal power 32 120 8292 10.878 11497  14.407
charging points (<=22kW) ! ! ! ! !
Publicly accessible high power 755 2,058 566 2,759 1,904

charging points (>22kW)
Source: Authors’ own calculations based on EAFO (2018)7!, BDEW (2017a)7?, and Commission (2017b)73 data.

71 European Alternative Fuels Observatory (2018).
72 Bundesverband der Energie- und Wasserwirtschaft (2017a).
73 European Commission (2017b)
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2.6.1.1 The Netherlands

The Netherlands’ consumer incentives and the extensive funding of charging infrastructure
have resulted in the highest number of publicly accessible charging points in the EU (please
see the country fact sheet on the Netherlands in Annex A) and made the Netherlands a global
leader in electromobility. Many cities, such as Amsterdam and Utrecht already have a
comprehensive charging network in place. The country aims to have PEV sales reach 10% of
new vehicles sold by 2020, and 50% by 2025. However, due to fewer direct incentives the
market share of PEVs plummeted from 10% in 2015 to just 2% in 2017. To increase the
market share of EVs, and ensure continuous leadership in electromobility, the Netherlands is
currently constructing a dense network of charging stations spanning the entire country.”4
Furthermore, the Netherlands wants all new cars to be emissions-free by 2030, effectively
prohibiting new petrol and diesel vehicle sales.”>

Direct consumer incentives

The government supports the sales of low emissions vehicles by offering (partial) exemption
from registration tax, road tax, and company car tax. While these direct incentives are still
relatively high compared to most other EU Member States, they have been lowered over the
past years.

Zero Emissions Vehicles (ZEV) are exempt from registration tax, which is a tax that increases
with the car’s Carbon Dioxide (CO2) emissions (CO2-based tax). The road tax varies from one
province to another and is determined by the curb weight and type of powertrain. Cars with
CO:2 emissions values less than 51g/km were exempted from the road tax until 1 of January
2016. Cars with 0g/km CO:2 emissions will continue to be exempt, while cars between 1g/km
and 50g/km will incur half of the regular road tax from 2016 onwards. Furthermore, an
environment-investment deduction applies. For BEVs, a maximum of 36%, capped at EUR
50,000 can be deducted, and for PHEVs with CO2 emissions up to 30g/km, the maximum is
27%, capped at EUR 35,000.76

The Dutch Government levies a tax on the private use of company cars. If the private use of
a company car exceeds 500km per year, 22% of the car’s purchase price is added to the
taxable income. In comparison, the rate for ZEVs is only 4%.77

Charging infrastructure

Most of the early deployment of charging infrastructure was facilitated by ElaadNL, an
initiative set up by seven grid operators in the country. The consortium includes the state-
owned national grid operator TenneT from the Netherlands, as well as regional grid operators.
With a budget of EUR 25 million, the consortium installed approximately 3,000 charging
stations between 2010 and 2014.7% In recent years, the central government consolidated
various programmes and began to promote charging stations through its Green Deal, a
programme that allows organisations to easily cooperate with the federal government on
green growth and social issues.”?

In addition to funding for charging infrastructure, the National Charging Infrastructure
Knowledge Platform Foundation, a partnership supported by the Netherlands Enterprise

74 International Council on Clean Transportation (2017a).

75 Electrek (2017b).

76 Netherlands Enterprise Agency (2017).

77 Algemene Nederlandse Wielrijdersbond (2017).

78 ElaadNL (2016a).

79 Dutch Ministries of Economic Affairs, Infrastructure and Environment, and Interior (2016).
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Agency, promotes collaborative projects to lower the cost of charging infrastructure and to
foster knowledge exchange. Local authorities can apply for financial support from the central
government for the installation of public charging infrastructure. Only projects that combine
funding from local authorities and the private sector are eligible for financial support. The
scheme was introduced in 2015 and is set to expire by July 2018.

Complementary policies

The Dutch Government devised several policies to incentivise businesses to purchase EVs.
Additionally, policies are in place to prepare consumers and companies for electromobility.
Education and promotion events include showcasing Dutch electromobility concepts at
international trade shows. The website Nederland Elektrisch® also educates consumers on
electromobility, and summarises financial incentives for EVs. Other complementary policies
include Green Deals, the Formula E-Team (a public-private platform to strengthen electric
transport), and research on electric drive technologies that is partly funded by the Dutch
Government.

2.6.1.2 Norway

Norway is the global leader in electromobility with a market share of 21% for BEVs in 2017,
closely followed by PHEVs with 18%.8' In December 2016, the country reached a milestone
of 100,000 BEVs registered. As of December 2017, PEVs represented almost 8% of the total
fleet of 2.7 million passenger cars in Norway. Furthermore, the Norwegian parliament has
agreed upon a 2025 target for all new passenger and light commercial cars to be zero or low
emissions vehicles. This puts Norway on an ambitious course towards a zero emissions
transport sector and an increasingly aggressive pace for the introduction of EVs.

Direct consumer incentives

Norway has surged ahead of other countries when it comes to PEV adoption, largely because
ZEVs are exempt from Value-Added Tax (VAT). More so, EVs are also exempt from
registration tax (BEVs only, PHEVs are eligible for a reduction of up to EUR 10,000) and pay
a reduced road tax and company car tax.

VAT (25%) and the registration tax combined can add up to an extra 100% on the net
purchase price of a vehicle. BEVs being exempt from those substantial taxes make the price
competitive with standard petrol and diesel-powered cars.8? Additionally, the annual road tax
is reduced to EUR 45 for both BEVs and PHEVs, as opposed to at least EUR 280 for petrol or
diesel cars.® The basis for the calculation of the company car tax is the car’s full purchase
price, which is reduced to 60% of the car’s purchase price for EVs.8*

Charging infrastructure

Enova (formerly known as Transnova), an agency funded through natural gas and petroleum
sales that promotes Greenhouse Gas (GHG) emissions reductions and energy efficiency
improvements, has been the main sponsor of Norway’s charging infrastructure. Enova started
as early as 2009 to deploy charging infrastructure across Norway with an investment of EUR
6 million and has since provided continuous funding. Most recently, the agency has focused
on the installation of fast charging stations on remote motorways in northern Norway.

80 Nederland Elekrisch (2018).

81 European Alternative Fuels Observatory (2018).

82 Norwegian Ministry of Climate and Environment (2017).
83 Norwegian Tax Administration (2018a).

84 Norwegian Tax Administration (2018b).
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In addition to the investments at national level, many cities have been extensively investing
in charging stations. Oslo budgeted EUR 2 million for the initial construction of charging
stations which has resulted in 2,000 charging points across the city.8> 86

Furthermore, the Nobil®” database, a cooperation between the Enova and the Norwegian
Electric Vehicle Association, provides publicly available data allowing anyone to build services
using standardised data free of charge.

Lastly, the Norwegian Government has a programme in place that aims to finance the
deployment of at least two fast charging stations every 50km on all main roads in Norway
by 2017.

Complementary policies

In addition to substantial direct incentives, owners of BEVs enjoy free use of toll roads, free
charging at public charging stations, access to bus lanes and free/reduced fees on ferries.88

However, the National Transportation Plan 2018-2029 contains proposals to reinstate some
fees again due to some municipalities complaining of revenue shortfalls from exempted EVs.8°

2.6.1.3 Germany

Germany has been lagging behind its own ambition to reach 1 million EV sales by 2020 and
5 million by 2030. As of December 2017, around 124,000 PEVs were registered in Germany.?°
The build-up of charging infrastructure has only recently picked up steam with the federal
government widely supporting the deployment of public charging points. Today, the federal
government offers a variety of direct incentives, including grants and tax breaks, as well as
indirect incentives at municipal level. Two prominent programmes, Ladeinfrastruktur fiir
Elektrofahrzeuge in Deutschland (Eng. Charging Infrastructure for Electric Vehicles in
Germany) and Elektromobilitdt vor Ort (Eng. Electromobility Onsite), support the deployment
of a demand-driven charging infrastructure for PEVs and assist the cross-sector cooperation
of industry, public sector, and science to ease and accelerate the integration of
electromobility into everyday life.% 92

Direct consumer incentives

ZEVs such as BEVs may receive a grant of EUR 2,000 and PHEVs EUR 1,500. To be eligible,
the car’s net purchase price must be below EUR 60,000 and the car manufacturer must offer
a discount that is at least as high as the grant.®3

BEVs registered before 2016 are exempt from the road tax for 10 years and vehicles
registered between 2016 and 2020 are exempt for five years. Germany levies an income tax
on the benefits from the private use of company cars, which typically is calculated by adding
1% of the vehicle’s purchase price to the taxable monthly personal income.

85 Nobil (2012).

8  The City of Oslo (2018).

87 Nobil (2018).

88 Norwegian Ministry of Climate and Environment (2017).

8 Vinor, Jernbaneverket, Kystverket Statens Segvesen (2016).

°0  European Alternative Fuels Observatory (2018).

°1  Bundesministerium fir Verkehr und digitale Infrastruktur (2017).
92 Bundesministerium fur Verkehr und digitale Infrastruktur (2015).
93 Bundesamt fir Wirtschaft und Ausfuhrkontrolle (2017).
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In the first year of the German incentive scheme (2013), the purchase price could be reduced
by EUR 500 for each kilowatt-hour of electrical energy storage included in the vehicle;
however, this tax benefit is being reduced by EUR 50 each year from 2014 onwards. At the
same time, the total reduction was not allowed to exceed EUR 10,000 in 2013, and this limit
is being reduced by EUR 500 each year. Accordingly, in 2018, the reduction amounts to EUR
250/kWh (up to EUR 7,500).°4

Local incentives

In June 2015, Germany introduced its Elektromobilitdtsgesetz (Eng. Federal Electromobility
Regulation) as an important part of national energy and climate policies. With the introduction
of this regulation, municipalities can grant special privileges to low emissions vehicles,
defined as vehicles that do not exceed 50g CO2/km or have an electric range of 40km or
more. Special privileges include preferential or free parking, access to bus lanes, and entry
to restricted traffic zones. Additionally, the programme Elektromobilitdt vor Ort, which is set
to run until 2019, specifically supports municipal actors with the development of
electromobility at local level.

Charging infrastructure

The German Federal Ministry of Transport set up the Ladeinfrastruktur fir Elektrofahrzeuge
in Deutschland programme, with EUR 300 million allocated until 2020. Public charging points
are eligible for a subsidy of a maximum of 60%. This subsidy is limited to EUR 30,000 for
fast chargers with at least 100kW, EUR 12,000 for fast chargers with less than 100kW and
EUR 3,000 for AC chargers.®> Additional financial support for charging infrastructure is
available through projects that are part of the Modellregionen Elektromobilitdt (Eng.
Electromobility Model Regions). While these projects operate on a local scale, the
Schnellladenetz fiir Achsen und Metropolen (Eng. Fast Charging Network for Motorways and
Cities) project uses federal and private funds to finance the construction of 600 DC fast
charging outlets in metropolitan areas and along main motorways by 2017. In general,
Germany favours market-driven instruments, including private-public partnerships to build
PEV charging infrastructure.

Complementary policies

Germany has implemented a wide range of complementary policies that predominantly focus
on demonstrating suitability of electromobility for everyday use. These measures include
projects that showcase electromobility concepts, research and development support for
vehicle manufacturers, and emissions targets for government fleets.

2.6.1.4 The UK

The UK Government set up the Office for Low Emission Vehicles (OLEV) to support the
introduction and use of low emissions vehicles. Great Britain Pound/Pound Sterling (GBP)
900 million is set aside for programmes and schemes. The plug-in car grant offers direct
incentives for private car owners, while CO2-based company car taxation can provide
substantial incentives to purchasing PEVs as company cars.

Indirect incentives are primarily part of local schemes, such as the Go Ultra Low City Scheme,
a joint government and car industry campaign. A wide array of complementary policies
supports research and development of electric mobility and raising consumer awareness.
Both public and private charging infrastructure is subsidised or funded by the government.

% Buzzriders (2017).
%5 Bundesministerium fir Verkehr und digitale Infrastruktur (2017).
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Local incentives include exemptions from congestion charges, free or reduced parking for
EVs, and interest-free loans for electromobility investments.

Direct consumer incentives

The plug-in car grant covers up to 35% of the purchase prices (up to a maximum of GBP
4,500) of EVs. There are six categories of vehicles based on the distance a vehicle can travel
without any CO2 emissions and the type of vehicle (e.g. bus, motorcycle). Eligible vehicles
include BEVs and Fuel Cell Electric Vehicles (FCEVs), and PHEVs with CO2 emissions of
75g/km or lower.%® The grant scheme was set up in 2011 and intended to cover up to 50,000
grants or a time frame up to 2017. After the 50,000-grant threshold was reached in 2015,
the scheme received additional funding of GBP 100 million and was extended into at least
2020.°%7

Apart from grants, the UK also has tax benefits in place for low emissions vehicles. ZEVs
costing less than GBP 40,000 are exempted from the annual road tax and owners of low
emissions vehicles (< 75g CO2/km) pay a comparatively low rate. Taxes on the private use
of company cars are determined based on the vehicle’s CO2 emissions. EVs emitting less than
50g CO2/km have their company car tax set at 9% for 2017-2018, 13% for 2018-2019, and
16% for 2019-2020. The tax on company cars exceeding 75g CO2/km is up to twice as high.%8

Charging infrastructure

The Electric Vehicle Homecharge Scheme (EVHS) provides grant funding of up to 75%
towards the cost of installing charging points at domestic properties across the UK.®® The
Workplace Charging Scheme (WCS) is voucher-based and provides support towards the
upfront costs of the purchase and installation of charging points, for eligible businesses,
charities, and public-sector organisations.1%? The On-street Residential Chargepoint Scheme
(ORCS) provides grant funding for local authorities towards the cost of installing on-street
residential charging points.

Complementary policies

To facilitate local EV incentives, the Go Ultra Low City Scheme aims to encourage even more
drivers to switch to electric. The OLEV funds a variety of activities related to electromobility.

2.6.1.5 France

Similarly to the UK, the Netherlands and Norway, France has announced an end date on the
sale of conventional petrol and diesel vehicles. By 2040, all new vehicles will have to be
emissions-free. To support the increasing share of PEV sales, promotional programmes for
charging infrastructure have been in place for several years.

Since 2013, the Agence de I'Environnement et de la Maitrise de I'Energie (ADEME) (Eng.
French Environment and Energy Management Agency) provides funding to municipalities and
regional governments, helping to deploy more than 16,000 charging points (please see the
country fact sheet on France in Annex A). A government proposal has recently set the short-
term goal of 100,000 charging points into service by 2020.

% Office for Low Emission Vehicles (2016b).
%7 Autoexpress (2017).

%8  Office for Low Emission Vehicles (2017).
99 Office for Low Emission Vehicles (2016a).
100 Office for Low Emission Vehicles (2016a).
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The mostly state-owned utility company Electricité de France (EDF) is at the forefront of
national charging infrastructure providers, having constructed Corri-Door, a fast charging
network with more than 200 locations across the country. 10!

Direct consumer incentives

Under a bonus-malus system, a premium is granted for the purchase of a new EV whereas
for high emissions vehicles, a fee (or malus) is imposed. For a vehicle emitting between 21g
and 60g CO2/km, the bonus amounts to EUR 1,000; if it emits 20g CO2/km or less, the bonus
amounts to EUR 6,000 (up to 27% of the purchase price). An incentive scheme grants up to
EUR 4,000 (depending on CO2 emissions) to buyers of low emissions vehicles when they
scrap an old diesel vehicle. In 2017, the scheme was extended to light commercial
vehicles. 102

BEVs are exempt from the company car tax, while hybrids emitting less than 110g CO2/km
are exempt during the first two years after registration. Regions have the option to provide
an exemption from the registration tax (either total or 50%) for alternative fuels vehicles.

Charging infrastructure

As part of the Loi sur la Transition Energétique pour la Croissance Verte (Eng. Energy
Transition for Green Growth Act), the French Government’s objective is to have 7 million
charging points (including private chargers) available in France by 2030. The French ADEME
has provided funding for public charging infrastructure to over 3,000 cities in France.!%3 Most
of the EUR 50 million budget has been exhausted, resulting in dense charging networks in
major urban areas, and there are very few charging points in rural places. Beneficiaries are
required to deploy at least 20 charging points and provide free parking for charging vehicles.

Furthermore, the French Government grants tax credits on a number of energy efficiency
and renewable energy measures, including the installation of charging equipment for PEVs.
Currently, the tax credit amounts to 30% of the cost of equipment and materials, excluding
labour.104

The credit is limited to EUR 8,000 for a single person and EUR 16,000 for a two-person
household. Tax exemptions are also granted to companies operating a public charging
infrastructure.

Complementary policies

The Loi sur la Transition Energétique pour la Croissance Verte sets EV targets for government
and business car fleets. When replacing their vehicle fleets, the French state and its public
bodies are required to purchase a minimum of 50% vehicles with low CO2 and air-polluting
emissions, such as EVs. Local authorities have a lower target of 20%.

By 2020, car rental and taxi firms are also required to purchase 10% low emissions vehicles
when renewing their fleets. All new buses purchased for public transport services from 2025
onwards must be low emissions vehicles.

2.6.2 The rest of Europe

The market share of PEVs and the availability of charging infrastructure is significantly higher
in Western Europe compared to Eastern Europe. This fact is mainly due to the financial

101 Corri-door (2018).

102 Ministére de la Transition écologique et solidaire (2016).

103 Agence de I'Environnement et de la Maitrise de I'Energie (2016).
104 Tnternational Council on Clean Transportation (2017a).
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incentives and tax breaks for charging points and low emissions vehicles that have been
introduced in Western European countries in the past decade. Some countries in Western
Europe like Denmark are already phasing out their incentives, while others have not yet
implemented any measures to facilitate electromobility, e.g. Poland or Estonia.

Tax breaks are the most common measure to incentivise EVs in EU Member States. These
include exemption or reduction of registration tax, road tax, and company car tax. Of the EU
Member States, 19 have a CO:-based road tax in place, meaning that they levy car taxes
partially or totally based on the vehicle’s CO2 emissions. This naturally benefits low emissions
vehicles.1% In some areas, ZEVs are completely exempt from registration and road tax.
Especially in Scandinavian countries where registration tax can be up to 150%, reduced levels
of taxation had a significant impact on the sales of EVs. In Denmark, the market share of
PEVs rose rapidly from 0.3% in 2013 to 2.4% in 2015 after the government reduced taxes
for EVs. However, in 2015 the government decided to gradually phase out the tax breaks for
EVs, which led to a significant drop in EV market share (please see the country fact sheet on
Denmark in Annex A).

Apart from tax breaks, grants and premiums are additional measures used to stimulate the
uptake of EVs and the dissemination of charging infrastructure. Romania currently grants the
highest subsidy. Under the Rabla Plus scheme, buyers of PEVs can receive a subsidy of up to
EUR 11,500.1% Malta grants up to EUR 8,000, Slovenia up to EUR 7,500, and France up to
EUR 6,000 to EV buyers. However, these high premiums are often subject to specific
conditions, e.g. the scrappage of old diesel-powered vehicle as is the case in France. In
general, buyers of PHEVs receive lower grants compared to buyers of ZEVs.

2.7 Front-runners on electromobility outside of Europe: China
and USA

2.7.1 China

The market share of newly registered PEVs in China rose to 1.37% in 2016197, but the
government seems determined to increase that number substantially. According to the
national target, 4.3 million private charging outlets and 500,000 public charging stations will
be built by 2020.1%8 In addition, dedicated targets for buses and taxis are in place. The plans
are supported by an announced Chinese Yuan (CNY) 90 million (about EUR 12 million) of
funding for charging infrastructure in selected regions.!%°

Direct consumer incentives

Until 2017, BEVs were subsidised with up to 50% of the purchase price. The subsidies have
since been reduced by 20%.'1° There are also tax benefits for acquisition and excise taxes
amounting to EUR 4,500-7,500!!! as well as further exemptions from registration and road
taxes. Furthermore, over 20 provinces and 30 cities provide reduced electricity retail
prices.!1?

105 Eyropean Automobile Manufacturers Association (2017a).
106 Romania liberia (2018).

107 Tnternational Energy Agency (2017).

108 China Daily (2018).

109 Navigant Research (2017f).

110 China Daily (2017).

111 Tnternational Energy Agency (2017).

112 National Energy Administration (2017).
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Local incentives

EV drivers are given access to bus lanes and are exempted from the access restrictions at
peak times which are in place in many cities. PEVs may also charge and park free of charge
in many places. In Beijing, Shanghai, and Chongqing, all new residential buildings must be
pre-wired for charging equipment in their parking spaces.!!3 For larger public parking lots, a
minimum of 10% of parking spaces must be equipped with charging stations.!'# Another
important advantage for EV drivers are total or partial waivers from licence plate availability
restrictions.!15

Charging infrastructure incentives (public and private)

The construction of municipal charging stations is subsidised by the central government.!16
However, the mechanisms and ratios of funding provided depend on the provinces. The pilot
cities of Shanghai, Beijing, and Shenzhen are obliged to provide one charging point for every
eight PEVs, with charging points to be no farther than 1km from any point within the city
centre.t”

Complementary policies

Automakers need to obtain 10% of sales credits from EVs from 2019 onwards. Compliance
is obligatory for companies with annual sales of over 30,000 units. A ban on gasoline-powered
motorcycles is also in place. In January 2017, a new national standard for charging equipment
was enforced. In addition, electricity price policy is being addressed: for PEV charging,
preferable electricity prices are provided, benchmarking for charging and battery swapping
service fees will be introduced and grid extension investments due to charging facilities will
be provided.

2.7.2 The United States of America (USA)

The USA's support for the growth of EVs is difficult to characterise due to the varying level
of incentives provided by each individual state and municipal governments on top of federal
policies and incentives. A strong push to accelerate charging infrastructure was made starting
at federal level in 2009 in the USA, but this federal support has slowed substantially under
the current administration. However, states and local governments are accelerating their
plans and efforts with regional partnerships!!® and local targets!!°. The more rigorous policies
and regulations are in California, which is the main market for PEVs in the USA, and they
have largely steered automaker production of PEVs.

Direct consumer incentives

The federal government currently offers a direct consumer incentive for the purchase of an
EV in the form of a United States Dollar (USD) 7,500 (about EUR 6,400) tax credit. This tax
credit is available for the first 200,000 qualified EVs sold from each manufacturer. In addition,
some states, such as Colorado, offer additional tax credit on top of the federal tax credit.
Other states, such as California, offer rebates.!?° Some of these state-level incentives are
determined by income or the cost to purchase the EV.

113 China Electricity Council (2016).

114 Navigant Research (2017f).

115 International Energy Agency (2017).

116 Tnternational Energy Agency (2017).

117 International Council on Clean Transportation (2017a).

118 S Department of Energy Alternative Fuels Data Center (2018).
119 State of Colorado (2018).

120 Tesla (n.d.).
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Charging infrastructure

The federal government jump started the charging infrastructure in the USA by funding
almost 19,000 charging stations for residential and commercial use through the 2009
American Reinvestment and Recovery Act. Additionally, tax credits were offered towards
installing charging hardware up until 2016. While currently there are no other direct
incentives offered from the federal government for charging points,*?! the latter has provided
support by identifying and suggesting motorway corridors for PEV charging infrastructure to
be built.1?? In this context, a corridor refers to a linear area connecting different major urban
centres within or across countries by one or more modes of transportation, such as
motorways or railways. The federal government has also encouraged the deployment of
workplace charging, although no financial incentives have been offered through this initiative.
Some states offer state tax credits and/or rebates for the installation of charging points.
There are also counties and utilities that offer rebates for both residential and commercial
purchase and installation of charging points.!23

In addition, several state and city agencies have played a key role in the deployment of public
charging stations, for example by securing funding or supporting public-private planning
efforts.

Electrify America is the major investor in PEV charging infrastructure in the USA for the
foreseeable future. The Volkswagen company was created to invest USD 2 billion (EUR 1.6
billion) in charging infrastructure through 2026 to comply with a settlement with the
Environmental Protection Agency (EPA) in the USA and the state of California. USD 800
million will be invested in California with the remaining USD 1.2 billion (EUR 0.97 billion)
invested throughout the rest of the country. In Electrify America’s first investment cycle, it
will establish a network of 650 charging sites in communities and 300 motorway fast charging
sites across the country by mid-2019. Electrify America has selected 17 metropolitan areas
to receive the first round of chargers. The motorway sites will have between four and 10
150kW and 350kW DC fast chargers. The first cycle of investment will also include installing
2,800 charging stations at workplace and multi-unit dwellings in the 17 metropolitan areas.2*
There will be four 30-month cycles of investment, with different metropolitan areas receiving
infrastructure during each cycle. As part of the total expenditure, each state receives funding
that can be used for a variety of transportation projects to improve air quality, including up
to 15% that can be allocated for light duty charging infrastructure.

Complementary policies

There are many complementary policies for EV adoption in the USA. These policies are
typically suggestions provided by the federal government, but are established at lower levels
of government. The most direct policy driving the EV market is the Zero Emissions Vehicle
(ZEV) Program, created by California and adopted by nine additional states. The policy
requires automakers to sell a specified percentage of new vehicles as PEVs.!?> Many states
and localities have also adopted policies that provide a benefit to using an EV, such as High
Occupancy Vehicle (HOV) lane exemptions, EV charging rate incentives, reduced licence tax,
EV-only parking spots, vehicle insurance discounts, free charging locations, and vehicle-to-
grid energy credits. 126

21 pluglesspower.com (n.d.).

122 s Department of Transportation Federal Highway Administration (2018).
123 Clippercreek (n.d.).

124 Flectrify America (2018).

125 Union of Concerned Scientists (2016).

126 Office of Energy Efficiency & Renewable Energy (n.d.).
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3 IMPACT OF CHARGING INFRASTRUCTURE ON THE
DISSEMINATION OF PEVS

KEY FINDINGS

e The availability of charging infrastructure is positively correlated with Plug-in
Electric Vehicle (PEV) adoption, but determining the exact influence on PEV
adoption requires further experience with later market stages.

o While high availability of charging infrastructure does not automatically lead to high
adoption rates, low availability is an inhibitor to the adoption of PEVs.

e There are differences between national and regional markets with respect to
the importance of public charging infrastructure for PEV adoption.

e Besides charging infrastructure, the availability of financial consumer incentives
is the most important factor for PEV adoption.

e For the rollout of charging infrastructure, most regions are applying a demand-
oriented approach. A shift to a coverage-oriented approach has a high potential
to reduce range anxiety.

e Type, location, and quantity of required charging infrastructure differs
significantly for each country.

In this chapter, the authors of this study analyse the relation between the availability of
public charging infrastructure and the uptake of PEVs. Some European Union (EU) Member
States - such as the Netherlands, France, Germany and the United Kingdom (UK), but also
Norway - have developed well-established charging networks of public and private charging
points.

This chapter analyses the development of charging infrastructure in the front-runner
countries (please see Sections 2.6-2.7) to date, identifies success factors for the development
of charging infrastructure and analyses the factors to consider for the development of rollout
strategies for charging infrastructure. The assessment focuses on electric passenger cars
(M1127)and does not include light duty commercial vehicles (N1128), as the latter are mainly
used for daily routes without a need for public charging. The following questions will be
covered:

1. What is the relationship between charging infrastructure and PEV adoption and use?

2. Do demand-oriented or coverage-oriented approaches have different impacts on PEV
adoption and use?

3. What is the type, quantity, and location of public charging infrastructure required?

127 Vehicles used for the carriage of passengers, with no more than eight seats in addition to the driver seat.
128 | jght duty commercial vehicles up to 3.5 tonnes.
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3.1 Relationship between charging infrastructure and PEV
adoption and use

The adoption of electromobility is a complex and sometimes unpredictable process.?° A core
assumption is that visible and convenient charging infrastructure is necessary to alleviate
range anxiety from current and potential PEV owners. Even if the infrastructure is not highly
utilised, it is important for PEV adoption that drivers know it is present in locations that are
helpful for their travels. Previous consumer surveys completed by Navigant Research have
shown that the availability and proximity of charging stations is the primary reason why
potential buyers are concerned about buying a PEV.

The evidence available to clarify the relationship between charging infrastructure and PEV
adoption and use is limited by the nature of the market stage across all analysed countries.
According to the diffusion of innovation theory, which distinguishes between the market
stages innovators, early adopters, early majority, late majority and laggards, all EU markets
are still in the innovator phase of up to 2.5% of total car stock. In Europe, only Norway has
surpassed this stage and is now in the early majority stage with a share higher than 7% of
total car stock. As the experience with PEV market developments is still limited, conclusions
about future market developments remain vague. Another limitation arises from
imperfections of available data from the European Alternative Fuels Observatory (EAFO), as
have been observed for the case of Germany, where the EAFO counts twice as many charging
points as stated by the German Bundesverband der Energie- und Wasserwirtschaft (BDEW)
(Eng. German Federal Association of the Energy and Water Industries).3°

This section presents recent data on PEV uptake and evaluates it against the availability of
charging infrastructure in the front-runner countries identified in Sections 2.6-2.7. In
addition, existing literature is reviewed to assess the relationship.

Two different indicators will be used to help illuminate the question at hand (i.e. relationship
between charging infrastructure and PEV adoption and use): the number of PEVs per charging
point in relation to market uptake and the number of PEVs per million inhabitants in relation
to market uptake. The Alternative Fuels Infrastructure Directive (AFID) recommends that EU
Member States ensure a ratio of a maximum of 10 PEVs per charging point. The expectation
is that markets where this ratio is not met will experience a slower PEV adoption.

From the perspective of policymakers, this indicator is useful to plan infrastructure rollout.
In their 2016 International Council on Clean Transportation (ICCT) publication, authors Hall
and Lutsey argue that the ratio of charging points per million inhabitants may be more useful,
as this indicator is independent of both the number of vehicles already in the market and the
geographical size of the countries to be compared.!3' Therefore, both indicators will be
considered in the following analysis.

e Indicator 1: Ratio of PEVs per public charging point

The expectation is that markets that have a (too) high ratio of PEVs per charging point will
have a slower market uptake compared to markets that have a low ratio of PEVs per charging
point. A high ratio would be correlated with low market uptake and vice versa. Market uptake
is measured by share of new registrations per year.

129 van der Steen M., et al. (2015).
130 Bundesverband der Energie- und Wasserwirtschaft (2017b).
131 International Council on Clean Transportation (2017a).
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Figure 8 below shows the historic development of the number of PEVs per charging point
since 2011 against the maximum recommended ratio of 10 PEVs per charging point. The data
used for the analysis was taken from EAFO for all presented countries except for Germany,
China, and the United States of America (USA). For those countries, BDEW, International
Energy Agency (IEA), and US Department of Energy (DOE) data was used, respectively.!3?
As data from the latter two sources was only available until 2016, the development in China
and the USA is not shown for 2017. IEA and EAFO data have minor deviations that can be
neglected for this purpose as comparability is still warranted.

Figure 8: Historic development of humber of PEVs per charging point
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Source: Authors’ own analysis based on EAFO (2018)*33, IEA (2017)%34, US DOE (2017)35, BDEW (2017a)'36
data.

The ratio of PEVs to charging point has increased from 2011 to 2017 - although with some
ups and downs - in all presented countries, which means that a growing number of PEVs
share one charging point. PEV fleet growth in relation to public charging infrastructure has
been the fastest in Norway and the USA. These are the only two countries with a higher ratio
than recommended in the AFID, where 10 PEVs per charging point are prescribed. This means
that the number of publicly accessible charging point might be too low in Norway and the
USA, limiting further uptake of PEVs. However, differences in the number of single-dwelling
units in Norway and the USA may also mean that different ratios of public charging
infrastructure are needed in the two countries, as more people can charge at home and do
not need public charging infrastructure as often. In France, the construction of public
charging points was lacking behind PEV market uptake until 2015. In 2017, the number of
charging points increased significantly, from 1,700 to 9,865.

132 As discussed in Section 2.6, the data from EAFO and BDEW showed great discrepancies for public charging
points in Germany in 2017, which is why the German source BDEW was used for the German figures in 2017.

133 European Alternative Fuels Observatory (2018).

134 International Energy Agency (2017).

135 Bundesverband der Energie- und Wasserwirtschaft (2017a).

136 US Department of Energy (2017).
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Figure 9 below puts the ratio of PEVs per charging point in context with the market share of
new registrations. Even though an increasing number of PEVs share a single public charging
point in Norway, the PEV market share of new vehicle registrations was the highest with
almost 40%. In the Netherlands, the proposed positive correlation seems to be roughly given.
For China, France, and Germany, a relatively low ratio is not met with high shares of new
registrations. The differences in the correlation across the countries indicate that there must
be other factors that also have a strong influence on PEV adoption, such as federal mandates
or incentives, and that these factors have varying influence in different national contexts.
One prominent example is the direct financial customer incentives, such as tax reductions
and non-financial privileges in Norway, which were crucial for the rapid market uptake.!3”

As PEVs move from early adopter to early majority customers, the percentage of people with
access to home charging is expected to decrease, which will increase the reliance on public
charging. A lack of available public charging stations will likely supress demand.

Figure 9 shows that a low ratio of PEVs per charging point did not guarantee a high PEV
market share of new registrations in 2017. Vice versa, a high ratio did not automatically lead
to a comparably low PEV market share of new registrations. Because of the significant
influence of economic factors (financial incentives and tax abatement) on PEV purchasing,
the correlation between this indicator and market uptake is not positive for all countries
presented.

Figure 9: Relation of PEV per charging point and market share in 2017
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data.

The limitation of this indicator is that the comparability between countries is limited, as it
does not account for the geographical size, population density, or degree of urbanisation.

137 Norsk elbilforening (2018).

138 European Alternative Fuels Observatory (2018).

139 International Energy Agency (2017).

140 Bundesverband der Energie- und Wasserwirtschaft (2017a).
41 US Department of Energy (2017).
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This indicator (ratio of PEVs per public charging point) did not show the expected correlation
for all countries. Therefore, the ratio of charging points per million inhabitants shall be
assessed as well.

o Indicator 2: Ratio of public charging points per million inhabitants

Figure 10: Relation of charging point density per million inhabitants and market
share in 2016
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Source: Authors’ own analysis based on EAFO (2018)'42, IEA (2017)43, US DOE (2017)%44, BDEW (2017a)45,
World Bank (2017)!%¢ data.

The highest ratio of charging points per million inhabitants can be observed in the
Netherlands and Norway. In contrast to the Indicator 1 discussed in Figure 8 and Figure 9,
Indicator 2 may be able to explain some of Norway’s success. While Norway is leading in
terms of market share of new registrations, the high ratio of charging points per million
inhabitants has not induced the same effect in the Netherlands (please see Figure 10). In
China, France, Germany, the UK and the USA, however, the comparably low ratio may be
associated with the low market shares. While both indicators reveal that there is some
correlation between high availability of charging infrastructure and PEV adoption, there seem
to be clear differences between national contexts. This can be explained by the following:
first, other factors also have a strong influence on PEV adoption, so the high availability does
not automatically lead to high adoption rates. However, lower availability of charging
infrastructure is viewed as an inhibitor to new PEV purchases. Second, the comparability is
limited as the focus on the national context may be too wide since potential customers make
their purchase decision based on their regional infrastructure ecosystem.

In their analysis of PEV adoption in 30 countries!#’, Sierzchula et al. (2014) consider multiple
different variables'*®, and found that charging infrastructure (per inhabitant) has the

142 European Alternative Fuels Observatory (2018).

143 International Energy Agency (2017).

144 Bundesverband der Energie- und Wasserwirtschaft (2017a).

145 US Department of Energy (2017).

146 World Bank (2017).

147 Countries analysed include Australia, Austria, Belgium, Canada, China, Croatia, the Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy, Japan, the Netherlands, New
Zealand, Norway, Poland, Portugal, Slovenia, Spain, Sweden, Switzerland, Turkey, the UK and the USA.

148 Variables considered include financial incentives, urban density, education level, an environmentalism
indicator, fuel price, EV price, presence of production facilities, per capita vehicles, model availability,
introduction date, charging infrastructure and electricity price.
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strongest correlation with PEV adoption among all variables, followed by the availability of
financial incentives. This corresponds with the results of the data presented above, namely
that the correlation can be observed in some countries, while in others it does not appear to
be strong.

Sierzchula et al. (2014) also claim that charging infrastructure and financial incentives may
be complimentary and should therefore be introduced in coordination. They suggest that
national variables such as government procurement plans and recipient groups for subsidies
could have a strong effect on PEV adoption.#°

In a 2017 white paper by the ICCT on electromobility in the USA, charging infrastructure was
also found to be among the most important factors for PEV adoption along with consumer
incentives and awareness raising.'>® Within California, the highest PEV market shares of new
registrations tend to be the ones with the most extensive public charging network. This
includes San Jose with a 10% EV market share, San Francisco with 6%, and Los Angeles with
4%. Similar to Sierzcula et al., the ICCT white paper cautions that the correlation between
charging infrastructure and PEV adoption is imperfect, and points towards factors such as
availability of garages and private parking, or differences in workplace charging
opportunities. The different types of non-residential charging infrastructure have varying
utilisation rates and visibility to consumers, and therefore will have different impacts on public
perception and the adoption of PEVs. For example, a study by the US DOE found that
employees with access to workplace charging are six times more likely to purchase a PEV.
This is an area where further study is warranted. 5!

In Europe, Harrison and Thiel (2017) use a system dynamics market agent model to predict
that charging infrastructure only becomes the most influential variable for PEV adoption once
a share of 5% of total national vehicle stock is reached. Below that level, which has currently
only been reached by Norway, other policy instruments such as consumer incentives may be
more effective.!>2

It should be noted that the analysis disregards the percentage of fast charging, which also
varies across national and metropolitan contexts. The influence of fast versus slow charging
on PEV adoption is not considered in this study and is subject to future research. Another
factor which is relevant but outside of the scope of this study is the effect of available
workplace charging infrastructure on the need for public charging infrastructure.

Conclusion

The evidence shows that the density of charging infrastructure generally correlates positively
with PEV adoption. However, the influence of charging infrastructure as a variable seems to
differ depending on the national context. Furthermore, there is a range of other factors that
are proven or suspected to be correlated with PEV uptake, such as model availability, financial
incentives, urban density, etc. At this point of early market development, it is unclear how
these different factors interact and influence PEV adoption.

Despite the uncertainty about the extent of influence, it can be concluded that charging
infrastructure is necessary, but not sufficient for PEV adoption in any given market.

149 Sjerzchula W., et al (2014).

150 International Council on Clean Transportation (2017b).
151 US Department of Energy (2016).

152 Harrison G., Thiel C. (2017).
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3.2 Impact of demand-oriented and coverage-oriented
approaches to PEV adoption and use

In their analysis of the USA market, Li et al. (2016) stress the importance of charging
infrastructure rollout in the early stages of market development.!>3

For the rollout of public charging infrastructure, two main approaches exist. The demand-
oriented approach follows the assumption that charging infrastructure should be constructed
at those sites where existing and future demand can be determined. This approach aims for
the optimal allocation and utilisation of all charging points and avoids redundancies. The
coverage-oriented approach follows the premise that public infrastructure should guarantee
a minimum standard of service to the widest possible public by minimising the distance
between the charging points. While this approach runs the risk of suboptimal utilisation, the
coverage-oriented approach provides a safety net for emergency situations and reduces
range anxiety of users, which is a major barrier to PEV adoption in the current market stage.

To date, almost all the front-runner countries defined in this report are not engaging in the
coverage-oriented approach, but apply a demand-oriented approach. Berlin is an interesting
example of a demand-oriented approach. The city has defined request areas where citizens
can ask for additional charging infrastructure depending on their car ownership.

The USA, however, has taken a coverage-oriented approach in designating alternative fuel
corridors. These corridors will enable PEVs to travel along most major motorways by spacing
charging infrastructure at appropriate intervals. Electrify America is expected to provide a
significant portion of this infrastructure along motorways in the coming years. After this
network is complete and the range anxiety of drivers has been reduced, there will be more
data available to determine the impact of infrastructure on PEV adoption. In addition, several
funding initiatives, such as in California, require or prioritise allocations for infrastructure in
underserved or lower income urban areas.

In the context of the current national German funding regime, there are some steering
mechanisms; for example, a regional factor included in the funding guidelines for charging
infrastructure. A coverage-oriented approach would require a coordinated approach in which
locations are defined ex ante. The German Ministry for Transport is currently preparing a tool
to determine an ideal coverage scenario for Germany.

China has required 88 pilot cities to install a charging network where charging points are
positioned no farther than 1 Kilometre (km) from any point within the city centre, which can
be understood as coverage-oriented (please see Section 2.7.1).

In a similar endeavour for the European Commission, Thiel et al. developed a methodology
using location rasters!>* to determine adequate locations for the Italian city of Bolzano/Bozen
and the Italian province of Alto Adige/Sidtirol and received positive feedback from the
municipal authorities.!>> An important consideration is the availability of capacity on the grid
to accommodate PEV charging at local level, especially when high power Direct Current
charging (DC) fast charging is included. Many utilities are currently working with charging
infrastructure providers to determine locations that are optimised for both PEV driver access
and grid operations.

153 1§ S. L., Xing J., Zhou Y. (2016).
154 US Federal Highway Administration (2017).
135 European Commission (2016a).
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The demand-oriented approach applied to date has kick started the market development for
PEVs in front-runner countries. To increase market penetration, a shift towards a coverage-
oriented approach is needed as this will have a significant, positive impact on range anxiety
at consumer level by providing a safety net for emergency situations.

A successful coverage-oriented approach in the EU would require a central register for
publicly accessible charging stations to allow for a coordinated approach to identify gaps in
geographical coverage. Smart funding can be used to ensure that economically unattractive
regions will also be equipped with charging infrastructure.

3.3 Type, location, and quantity of charging infrastructure
required

The question about the type, quantity, and location of charging stations is key for the
coordinated build-up of the charging network in the coming years.

3.3.1 Modelling type and charging location

In 2017, a study'®® by Ecofys, a Navigant company, and the Technical University (TU) of
Eindhoven for the Dutch Government analysed the requirements on charging infrastructure
for supporting PEV uptake over the next two decades. The model used to analyse the
infrastructure needs was based on available data on charging infrastructure use, driving
habits of PEV owners and expert judgement. This study focused on the Netherlands, one of
the EU front-runners. Due to the specific Dutch context there are limitations in applying this
model to the whole EU. Nevertheless, some generic conclusion can be drawn.

Ecofys, a Navigant company, and TU Eindhoven developed the following decision tree to
analyse the type and location of charging for a specific trip purpose.

Figure 11: Decision tree for charging location
Trip purpose
25% 25% 50% 50% 50% 50% 50%

| —— T |

Destination

Distance —

Charging

availability Available lNot available

65%" %]

Tocaton [ Work

location
*=Not in all situations can a public charging location be found, for example when there is no charging point
situated at the location or the charging point is already occupied.
+=Due to the possible inability to public charge, PEV drivers will charge in this situation at different locations

(work, home or corridor).
Source: Navigant Research (2017).

156 Ecofys, a Navigant company (2017).
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Where PEV drivers will charge is mainly dependent on the destination of their trip (please see
Figure 11). This destination is directly related to the purpose of their trip (i.e. business trips,
commuting to work and back, other trips unrelated to work). The total distance travelled for
each trip purpose type can be obtained from a national survey on vehicles use. The sources
often also indicate the distribution of these trips, e.g. the percentage of trips shorter than
10km, between 10km and 20km, between 20km and 30km, etc. In the case of the
Netherlands, this source was the Onderzoek Verplaatsingen in Nederland (OViN) (Eng.
Research on Movements in the Netherlands). By combining this information, a specific driver
profile (distance for each purpose plus distribution of trip distances) can be made for each
PEV driver type.

For each PEV driver type, an indication can be made on when and how many times the vehicle
will be charged, thereby considering technical parameters (energy use of the PEV, battery
capacity, power of charging point) and charging preferences (please see Section 2.5). If
charging at home is available, there is a clear preference for home charging for commuting
and other trips. Business drivers will charge at home and at work, as both destinations make
up about 50% of their trips. Even for other trips, business drivers will mainly charge at home.
Public charging will only be used in absence of home charging and in case of longer trips
(with more than 50% of range). In this model, public charging is defined as normal power
charging at a public parking space and has to be differentiated from fast charging in corridors
or in motorways (or en route to either of these), where charging occurs with higher frequency
similar to fuel stations. Based on expert judgement, an impossibility of 35% to charge at a
public point after a trip was assumed for the Dutch situation. Reasons could be that the public
charging point is blocked by other PEV drivers or that the charging point is currently out of
order. In countries with a higher ratio of PEVs per public charging point (like Norway), the
likelihood of not being able to charge will be higher. If a public charging point is not available,
charging will be done at home, work or in corridors (e.g. motorways).

The outcomes of the model are dependent on the uptake of PEVs, and this will differ
significantly per country. However, more general results and implications can be
distinguished, which are valid for the Netherlands (which was the focus of this model), but
are also likely applicable to other EU Member States:

e Early adopters of PEVs more often have access to a place for home charging than the
average drivers of a country. When PEV uptake becomes more common, it is likely
that the home charger’s share in total chargers will decrease, requiring more pubilic,
work, and fast charging in corridors compared to the early years.

e With a more prominent role of faster charging stations in corridors (which is likely the
case in more spacious EU Member States outside the Netherlands), the number of
PEVs per charging point will be significantly higher (because more PEVs can be
charged in the same time).

e There is a significant share of home, public and work chargers required. In the
different scenarios for the Dutch case study, the share of these three charging
locations was comparable, signifying the importance of developing infrastructure in
all three locations.

e It is important to have enough coverage of charging infrastructure to prevent range
anxiety (the idea that a driver might run out of electricity before they can charge),
but if the number of charging points is too high compared to the number of PEVs,
there will not be a good business case for charging point operators.
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Within the case study for the Netherlands, the impact of car-sharing and automated driving
on PEV demand was assessed. If car-sharing and automated driving are significantly
developed in the coming decades, the charging infrastructure needed to be developed could
be more centralised to service fleets when compared to private vehicle ownership. In the
Dutch case study, this would reduce the need for public charging infrastructure by 25%.

3.3.2 Quantity of charging infrastructure

The necessary quantity of public charging points can be measured by the ratio of PEVs per
charging point, which is a matter of intense international discussion. Reasons for this are the
lack of experience with advanced stages of market development, and the limited body of
research. It is therefore not possible to determine exactly whether the current levels of public
charging infrastructure, e.g. in the front-runner countries, account for a relative oversupply
or scarcity of public charging station per vehicle. Neither can a universal benchmark be
determined. In this section, several proposals are discussed on the ideal ratio of PEVs to
charging points put forward by policymakers and academics.

While the AFID proposed an ideal benchmark of 10 PEVs per public charging point, other
sources have come to different conclusions. For the Chinese context, the National
Development and Reform Commission (NDRC) recommends eight to 15 PEVs per charging
point. In the USA, benchmarks of 7-14157, 24158, and 27> are proposed by different sources.
The IEA Electric Vehicle Initiative increased its 2015 recommendation of eight PEVs per
charging point to 15 in its 2016 publication. 60

Based on their model, authors Harrison and Thiel (2017)1%! predict that the PEV market share
of new registrations increases as the vehicle/charging point ratio decreases from 25 to five
PEVs per charging point. This indicates that a low ratio of PEVs per charging point would be
favourable for PEV uptake. However, they find that infrastructure coverage that is denser
than one charging point per 10 PEVs would be inefficient, as sales numbers become
insensitive with a decreasing ratio. The authors argue that the high costs of additional
charging infrastructure therefore do not justify the high investments.

An indicator for a negative case is the city of Oslo, where 80,000 PEVs face 1,300 municipal
charging stations, a ratio of 61 PEVs per charging station. This means that PEV drivers often
do not find an available charging point if they need to charge publicly. The Norwegian Electric
Vehicle Association advised against buying a PEV in Oslo if the owner has no possibility to
charge at home or at work. 162

In the EU context, the ideal ratio of PEVs per charging point will, in the long run, lie between
10 and 16.

157 Cooper A., and Schefter K. (2017).

158 Wood E., Rames C., Muratori M., Raghavan S., Melaina M. (2017).

159 California Energy Commission and National Renewable Energy Laboratory (2017).
160 International Energy Agency (2017).

161 Harrison G. and Thiel C. (2017).

162 Stuttgarter Nachrichten (2017).
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Figure 12: Number of PEVs per charging point
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Source: Authors’ own analysis based on EAFO (2018)'%3, IEA (2017)%4, US DOE (2017)'%%, BDEW (2017a)1%¢
data.

Figure 12 shows that only Norway and the USA are within the ideal range. In the other front-
runner countries, the quantity of public charging points is currently more than sufficient for
the existing PEV fleet. It is important to note that this ratio does not reflect any necessary
geographical distribution of charging points. As stated in Section 3.2, a coverage-oriented
approach is necessary to get rid of range anxiety at consumer level.

The ratio of PEVs per public charging point combined with a street map showing areas not
covered with public charging stations could be used by policymakers to determine the
quantity of public charging stations per region.

163 European Alternative Fuels Observatory (2018).

164 International Energy Agency (2017).

165 US Department of Energy (2017).

166 Bundesverband der Energie- und Wasserwirtschaft (2017a).
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4 BUSINESS CASE ANALYSIS

KEY FINDINGS

e Business models try to find additional revenue streams, such as parking fees,
providing demand response, or other grid services, and creating advertisement space.

o Issues for charging station operators to consider is the changing nature of charging
technology and how these changes may impact business models. Variations in the
utilisation across locations and in time should also be taken into account.

e When evaluating Plug-in Electric Vehicle (PEV) charging infrastructure business
models, there are many factors that must be considered including how the
charging service is provided, how the business model engages with customers, how
revenue is collected, and government support.

e Currently, the best performing business models are PEV Charging Network
Companies and Mobile Charging Systems.

e Not all market players adopt every aspect of any one business model. Rather, market
players can pick and choose pieces of many models to stitch together their
products or services.

o All market players interact, whether they provide one piece of the solution or a full
service of both hardware and network operations.

When evaluating Plug-in Electric Vehicle (PEV) charging infrastructure business models, there
are many factors that must be considered. Figure 13 was used to identify relevant factors
when analysing PEV charging models. A few factors of consideration selected from Figure 13
include how the charging service is provided (the charging infrastructure required), how the
business model engages with customers (via software used to create a network), how
revenue is collected (through metering, billing and other revenue streams), policy
considerations, and government support.

Infrastructure considerations include the PEV charging modes, which can be further
complicated in execution due to different plug types being utilised in different markets. The
software involved facilitates the communication between the vehicle and the charger, as well
as how financial transactions are processed. Policy and government support for certain
business models can help new and growing charging networks, and existing networks waiting
for utilisation rates to rise. Other policies affect how charging network operators choose to
collect revenue for providing their services (some revenue collection methods include pay-
per-kilowatt, pay-per-minute, and/or some other method like subscription-based services).
Other possible revenue streams include collecting parking and advertising revenue, and even
the provision of grid services. 167

Given the complexity of the previously stated factors, there are many business model options
for PEV charging networks. The authors of this study selected factors from Figure 13 to
consolidate types of business models and used these factors to categorise and score each
model.

167 Hall S., Shepherd S., Wadud Z. (2017).
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Items coloured green were included in the scoring methodology, while other factors (in blue)
were used in the description of each business model.

Figure 13: Business model elements

How do you connect? How do you deliver?
Customer interaction Distribution channels

Who can support you?

Key supplier and partner networks

What will it cost?

Cost structure and capital

What do you require? How do you do it? requirements of installation
Key resources and funding sources Key and unique abilities

and operation

What does the business model create?
Value propositions and services

How will you
generate and

collect revenue?
Metering, pricing, and
billing systems, and

What are the utilization rates
challenges?

What are the benefits?

Who has access?

Contributions to public
charging infrastructure

How will you grow?
Conditions needed to scale

Source: Navigant Research (2017).

This template helps ensure the coverage of important aspects and functions of a business
model. After taking into consideration the factors presented in Figure 13, the authors of this
study took the following steps to analyse the business models:

Step 1: A list of business models was created based on available reports, literature,
and developments, both in the European Union (EU) and other markets, as well as
prior experience and insights from recent projects on charging infrastructure and EVs
in, among others, the Netherlands, Norway, Germany, and the United States of
America (USA).

Step 2: The list was organised in terms of unique aspects and functions determined
by elements extracted from Figure 13.

Step 3: Business models on the list were scored on a scale from 1 to 5 (1=Low,
3=Moderate, 5=High). Funding sources was scored differently, on a scale from 1 to
3. Business models were then ranked on these characteristics to determine the most
financially sustainable business models, based on the specific situation in the EU and
expert judgement.

60



Charging infrastructure for electric road vehicles

4.1 Issues and considerations

There are a few overarching issues that affect most PEV charging networks. First, while some
business models try to find additional revenue streams, such as parking fees, providing
demand response, or other grid services, and creating advertisement space as streams of
revenue, new hypothetical business models are also being investigated for additional sources
of value. For example, there is research on how partnerships can be formed to create
revenue-sharing pools to finance new charging points, which may be financially valuable to
the partners due to increases in customer visits. 168

Another issue to consider is the changing nature of charging technology and how these
changes may impact business models. While wireless and dynamic EV charging systems
(please see Section 2.2.4.2) are gaining traction in laboratories and pilot projects, it is
unlikely these technologies will have high market penetration in the next couple years.
However, the convenience and efficiencies of wireless charging makes it a plausible
replacement for traditional wired charging. Given that the lifetime of charging units is
between five and 10 years, these new technologies could be integrated into current business
models relatively seamlessly with future replacement cycles. For this to be put in place,
proper planning of charging sites needs to be done during initial installation and the cars in
circulation need to accept wireless technologies.

Utilisation rates are also an issue in the expansion of public charging infrastructure. For
example, a charger’s utilisation rate typically depends on the density of the area (urban,
suburban, rural), the PEV penetration within an area, the availability of the local charging
market, and local market incentives. The utilisation is also variable over time. Generally,
when new PEV charging infrastructure is installed, utilisation is low, depending on PEVs in
the area and awareness of the chargers. As the PEV stock and awareness grow over time, so
too should the utilisation of the local chargers. In some cases, PEV chargers can be too busy
to be reliable for a PEV owner.'® This is remedied as more stations are added in highly
utilised areas to balance out the utilisation rates. However, low utilisation stations still provide
value as they create a wider network coverage area for the consumer, which serves as a
selling point for charging networks when they promote their products and services. The
growth of any geographic market is highly variable as external factors affect both utilisation
rates and the ability to expand networks. Although highly utilised stations suggest a need for
additional chargers in the area, the ability to add stations may be affected by other external
factors. For example, a location may have limited power capacity and cannot add additional
charging infrastructure, or there is not available land to install more chargers. Utilisation
rates should be examined on an individual, market-specific basis, as external factors are a
large contributor to the utilisation rates of charging stations.

4.2 Business models reviewed

There are many ways in which PEV charging network services vary across business models.
For example, how revenue is collected (subscription versus pay-as-you-go, additional
revenue sources like parking fees and advertisements), what sources of funding are used for
capital costs, and how the model is capable of scaling growth. The factors used by the authors
of this study to characterise the selected business models (from Figure 13) are described
below.

168 Nigro N., Frades M. (2015).
169 Funke S., Gnann T., PI6tz P. (2015).

61



Policy Department for Structural and Cohesion Policies

Factors not included in the scoring methodology

The factors below, selected from the blue items provided in Figure 13, were selected to be
included in the comparisons between business models. Due to the qualitative nature of this
information, these factors were not used for scoring.

Summary of business model: Gives a general overview of any significant details of
the business model.

Revenue collection method: Outlines if and how revenues are collected.
Established in market: Is this business model operating in the market?
Key benefit: What is the major benefit to using this business model?

Key challenge: What is the key challenge limiting this business model?

Factors included in the scoring methodology

The following factors are more easily quantifiable, and thus are included in the scoring
process.

Profitability: States if the goals of the business model are to make a profit,
elaborates on why or why not, and on the ability to make a profit.

Degree of scalability: Defines the ability of the business model to expand PEV
charging infrastructure.

Contribution to public charging infrastructure: Identifies how well the business
model supports public charging infrastructure.

Funding source: Used in the scoring methodology, but the details of each of the
funding sources are not listed in the summaries below due to spatial limitations of the
table. Funding source has a maximum score of three. For a business model to receive
a score of three, it must receive only funding from private sources. A score of two
indicates it receives funding from a combination of public and private sources, or only
some portion of the funding sources are identifiable. A score of one is given when
funding sources are completely unidentifiable.

In Table 8, the authors of this study identified and characterised seven business models for
public PEV charging infrastructure, and explain the business models in more detail.
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Table 8: Business Model (BM) summary

BM-A

BM

Established in
L UIGH

Is this business

model operating

Business
model title

in the market?

PEV
Charging
Network
Companies
(e.g. Fastned,
NewMotion,
ChargePoint)

Yes

Auto
Original
Equipment
Manufac-
turer
(OEM)-
owned
Charging
Network
(e.g. Tesla
Supercharger
Network)

Yes

Profitability:
To what degree is
the business
model profitable?

High

Low

Degree of
scalability:
To what degree
can this
business model
expand?

Moderate/High

Moderate

63

Key benefit:
What is the
major benefit
of using this
business
model?

Direct and
indirect
revenue
generation
methods,
cost-sharing
partnerships

Marketing
advantage

Contribution to
public charging
infrastructure:
To what degree does
the business model
increase publicly
available charging
infrastructure?

Key
challenge:
What is the
key challenge
limiting this
business
model?

Path to
profitability
for charger
owner/opera-
tor uncertain

High

Balancing
network cost
vs. marketing
and
consumer
touchpoint
value

Low/Moderate
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Business Established in Profitability: Degree of Key benefit: Key Contribution to
model title market: To what degree is scalability: What is the challenge: public charging
Is this business the business To what degree | major benefit What is the infrastructure:
model operating | model profitable? can this of using this | key challenge | To what degree does
in the market? business model business limiting this the business model
expand? model? business increase publicly
model? available charging
infrastructure?
Interregio-
nal Public . .
. Business Requires
Charging .
. model does public and
LD LT not rely solely private
BM-C OEM? In planning e Moderate on direct subsidies to Moderate/High
provided stages )
. revenue from  reach five
subsidy .
. PEV charging year
(e.g. Ionity, services rofitabilit
Washington P Y
State)
Public
Charging
Infrastruc-
ture funded
by grants . Low
and public Swglél\}/ ramps utilisation,
BM- funding Yes High Low/Moderate cEar in low revenue, High
(e.g. many . ging requires
infrastructure .
governments public funds
provide
financial

support for
PEV charging)
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BM-F

Established in
L UIGH

Is this business

model operating

Business
model title

in the market?

Mobile
Charging
Systems
(e.g.
Ubitricity)

Yes

Energy
supplier-
lead
planning
and
installation
of public
charging
infrastruc-
ture

(e.g.
RWE/Innogy)

Yes

Profitability:
To what degree is
the business
model profitable?

High

High

Degree of
scalability:

To what degree

can this

business model

expand?

Moderate/High

Moderate

65

Key benefit:
What is the
major benefit
of using this
business
model?

Lower
infrastructure
costs allow for
quick build-up
of charging
network

Quickly ramps
up PEV
charging
infrastructure

Contribution to
public charging
infrastructure:
To what degree does
the business model
increase publicly
available charging
infrastructure?

Key
challenge:
What is the
key challenge
limiting this
business
model?

Getting smart

cables to High
consumers

Requires .
public funds High
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Business Established in Profitability: Degree of Key benefit: Key Contribution to
model title market: To what degree is scalability: What is the challenge: public charging
Is this business the business To what degree | major benefit What is the infrastructure:
model operating | model profitable? can this of using this | key challenge | To what degree does
in the market? business model business limiting this the business model
expand? model? business increase publicly
model? available charging
infrastructure?
Auto OEM -
Energy
supplier -
Operator
:’:;nel‘ShlP . Cost-sharing EV . Supply .
BM-G BYD179/China Yes High Low/Moderate e o EqU|pme|.1F High
(EVSE) siting
Southern

Power (CSP)
grid franchise
partnership)

Source: Authors’ own elaboration (2018).

Below, greater detail on each of the business model summaries is provided.

170 BYD Company Limited is a Chinese manufacturer of automobiles, buses, trucks, batteries, etc. with its headquarters in Shenzhen, Guangdong province.
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BM-A: PEV Charging Network Companies!’! 172 (e.g. Fastned, ChargePoint, evGO,
Allego, The New Motion, Electric Vehicle (EV) Box)

Summary of business model: There are a variety of PEV charging network
companies across the EU and in other markets that provide access to their network
of public charging infrastructure for a fee. These companies use similar business
models with slight tweaks to differentiate them. In addition, the versions of this model
achieve some of this differentiation by identifying multiple revenue sources to achieve
profitability, which in turn allows them to scale the model and create more public
charging infrastructure. In some circumstances, additional partnerships can be made
to offset the costs of chargers and/or electricity, such as with retailers who find value
in providing the service to their customers.73

Revenue collection method: Revenue collection methods vary both within and
across business models. Typically, these companies collect revenue by charging for
the purchase of electricity, either per-use/per-kilowatt-hour and/or through a
subscription-based model, or by charging for access to a charger per minute. For
example, Fastned has three price plans: users can either pay per kilowatt-hour
purchased, or pay one of two monthly subscription fees, allowing the users to
purchase electricity at a discount.'”# These business models can also have revenue
streams from the use of the parking spot and from selling advertising space.

Established in market: Yes, many of these companies have been around for five
years or more.

Key benefit: Many of these business models include subscription services such as
Fastned, where users can opt to pay a monthly fee for a lower cost per kilowatt-hour
and creates additional revenue streams for the company, and helps reduce being
reliant only on the sale of electricity. Under some circumstances, partners on charging
installations may determine the price of the energy, allowing the operator to
determine the value of the charging station.

Key challenge: Subscription-based business models face a considerable scaling
issue. As these companies grow, they are limited in what ways they can increase
revenue. PEV charging network companies with subscription-based business models
become reliant on increasing PEV drivers and on a growing utilisation rate of public
charging infrastructure. This contrasts with other business models that can take
advantage of government support, OEM-provided charging networks, and identifying
other streams of revenue.

Profitability: High. Many of these companies are private, and report strong revenue
growth. Fastned has had both volume and revenue growth over the past two years
and reported its first two DC fast chargers have reached the operational break-even
point. Fastned credits its market growth to the region’s improved tax incentives for
PEVs and to longer-range PEVs.

Degree of scalability: Moderate/High. Some PEV charging network companies
create partnerships to distribute charging stations while others own and operate the
stations themselves. These networks will expand if these companies see value in
expanding their charging networks.

171
172
173
174

Fastned.nl (n.d.).
Chargepoint.com (n.d.).
Nigro N., Frades M. (2015).
Fastned.nl (n.d.).
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BM-B:

Contribution to public charging infrastructure: High. The build-up of these
charging networks relies on the utilisation of the chargers to collect revenue from the
sale of electricity, and the prevalence of their availability increases subscriptions.
Although subscriptions may deter some customers, it is a widely practiced business
model.

Auto OEM-owned Charging Network'75> (e.g. Tesla Supercharger Network)

Summary of business model: Some auto OEMs have invested in their own fast
charger network for their customers. These networks typically add value to the auto
OEM by providing additional customer touch points, as well as marketing opportunities
to capture new customers. Battery OEMs may also find value in providing charging
networks.

Revenue collection method: In the past, auto OEM-owned charging networks, such
as the Tesla Supercharger Network, did not bill users for the use of their chargers.
Starting in 2017, Tesla is moving to a new pay-per-use model for new vehicle
purchases.

Established in market: Yes. Tesla began building its Supercharger Network in 2012.

Key benefit: The primary benefit of this business model is the captive value provided
to the company and its customers by tying the vehicles to the supporting
infrastructure from a single company. Ideally, this model drives additional PEV sales
and can be a service that also doubles as a marketing campaign.

Key challenge: The key challenge of this business model is obtaining the benefits for
the OEM. The company must be able to prove to its shareholders that the charger
network campaign is of equivalent value to a marketing campaign to drive additional
vehicle sales.

Profitability: Low. The purpose of the auto OEM-owned network such as Tesla’s
Supercharger Network is to serve as additional opportunities for Tesla to interact with
and market to its customers and drive additional sales. Tesla has confirmed that its
charging network will never be a revenue stream for the company and will only provide
value to Tesla and its customers, rather than the entire market.

Degree of scalability: Moderate. The network is scalable so long as the company
sees value in the network similar to that of a marketing campaign. Once the costs
stop justifying the value, the charging infrastructure is no longer built up. That being
said, Tesla’s Supercharger Network is the most complete global fast charging network
to date.

Contribution to public charging infrastructure: Low/Moderate. While the network
would be provided, it is possible similar business models would follow in Tesla’s
footsteps and only provide charging to the OEM’s own vehicles.

175 Weiller C., et al. (2015).
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BM-C: Interregional Public Charging with Auto OEM-provided subsidy (e.g. Ionity,
Washington State)

Business model summary: The European initiative Ionity is a recent application of
a similar hypothetical business model identified by the Centre for Climate and Energy
Solutions (C2ES).176 C2ES is a global think tank based in the USA, and was previously
the Pew Centre on Global Climate Change and has previously been named the “world’s
top environmental think tank”. While the C2ES model was developed with the USA in
mind, it has global opportunities. In the case of Ionity and the hypothetical business
model from C2ES, large businesses that benefit from PEV sales and use (such as
automakers or fuel suppliers) contribute funding to subsidise the deployment of a DC
fast charging network for interregional PEV travel. Ionity is a partnership with German
OEMs and Ford, along with Shell, OMV, Tank & Rast, and Circle K. The partnership
plans to create an electrified motorway network in Europe, providing 350 Kilowatt
(kW) chargers every 120 Kilometre (km). It was announced in November 2017, so
there is little available data. However, the data from the hypothetical model can be
used to get a better understanding of what might be needed for Ionity to be
successful.

Revenue collection method: Direct revenues from the sale of electricity to the
consumer. Rates used in the hypothetical base-case scenario were USD (United States
Dollar (USD) 0.50 (Euro (EUR) 0.43)/Kilowatt-hour (kWh), assuming 1,200 uses per
station per year.

Established in market: In planning stages. Ionity was announced in November
2017. This is also a hypothetical business model using a real-world scenario for
analysis.

Key benefit: This business model does not rely solely on direct revenue from PEV
charging services. Partnerships with a company or entity can help finance charging
infrastructure, as these entities see non-monetary value propositions from the
development of such networks. Examples of private sector partners include
automakers and battery suppliers looking to expand PEV networks as a tool to sell
more PEVs, energy suppliers that wish to expand access to charging in their service
territories, and retail/restaurants where on site charging may provide additional sales.

Key challenge: C2ES found that there are no scenarios where the charger’'s owner-
operator would profit from its investments under the base-case scenario without
public subsidies.

Profitability: High in an overall ecosystem context. The OEM’s focus is on driving
vehicle sales to obtain profits rather than profiting from the chargers themselves. With
government incentives to help offset installation costs, a larger network can be
created with the same amount of OEM capital (though requirements for open access
might be needed to ensure universal usage capability by all market participants or the
operator of the charging network and possibly for any other retail partners). C2ES
found that the charging stations alone in its hypothetical business model are profitable
within five years with outside or public subsidies.!””

76 Nigro N., Frades M. (2015).

177 Centre for Climate and Energy Solutions (C2ES) found that the business model could have a five-year
profitability if the owner-operator was issued a one-time grant of USD 220,000 (~EUR 187,000), the BEV sales
tax exemption continued, and a USD 110,000 (~EUR 94,000) loan at 5.4% interest. Other paths to profitability
included changing the assumptions of the model by increasing the user fee to USD 0.70 (EUR 0.59)/kWh, or
increasing the assumed utilisation rates from 1,200 uses per year to 2,000+ times per year.
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BM-D:

Degree of scalability: Moderate. Under the right conditions, this business model is
scalable under profitable conditions. The business model has some limitations: for
example, it is mainly applicable for interregional travel with existing charging
infrastructure gaps. In addition, depending on the private sector partner(s), charging
infrastructure may be limited to only certain users. For this model to be profitable,
C2ES identified a few public interventions.78

Contribution to public charging infrastructure: Moderate/High. This model is
potentially limited depending on the private sector partner(s). The original model
describes the partner as an auto OEM, which may limit the vehicle make and model
type which can use the charging infrastructure. This may not be an issue if the partner
was a battery supplier or an energy supplier.

Public Charging Infrastructure funded by grants and public funding'’® (e.g.

many governments provide financial support for PEV charging)

Business model summary: This business model reflects governments assisting with
the funding or commissioning charging point providers for the build-up of public EV
charging infrastructure. The charging point providers purchase electricity from an
energy supplier and sell electricity or charge for parking. These installations are often
supported through public-private partnerships or directly through public grants. When
governments first began funding PEV charging infrastructure installations, charging
was often offered free of charge to incentivise the transition to PEVs. With the cost of
installation and the cost of operation and maintenance, many of these public chargers
are having to shift to a pay-per-use model. Many charging network companies started
by using public funds to grow charging networks, and this can function as a funding
mechanism for building up networks ahead of revenues justifying growth.

Revenue collection method: Though some charging used to be offered free of
charge, now revenue is typically collected through the sale of electricity and/or a flat
fee per charging session. Customers can also be charged for parking.

Established in market: Yes. Norway, France, the Netherlands, and Germany all
provide assistance through public-private partnerships, while the United Kingdom
(UK) has also offered grants.'® Please see Section 2.6.1 for more detail.

Key benefit: A local government commissioning the installation of the infrastructure
ensures a holistic approach is taken to create a sufficient network of charging stations,
particularly with the inclusion of low income and other overlooked areas.

Key challenge: Municipalities will have to justify the use of public funds under this
model for the majority of PEV charging stations with lower utilisation rates by
identifying other value propositions outside of revenue.

Profitability: High. When public money is provided to assist with the build-up of
charging networks, charging network companies can achieve profitability much faster
due to the reduced upfront capital costs typically required when expanding the
network.

178 The public interventions identified by C2ES include: a low interest loan financing 50% of the project debt (30%
of the total project capital cost) at an interest rate of 5.4% with a 10-year term, a grant subsidising the cost of
charging station equipment by 50%, a 50% subsidy for the cost of electric energy supplier upgrades, grid
interconnection, construction, and equipment installation for DC fast charging sites, and a five-year extension
on the BEV sales tax exemption policy. This study also assumes an increase in charging station utilisation
growth rate from 15% to 30%.

179 Hall S., Shepherd S., Wadud Z. (2017).

180 Morland J. (2017).
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BM

Degree of scalability: Low/Moderate. Outside of high utilisation areas, these types
of operations require consistent public sector contributions to expand their available
infrastructure.

Contribution to public charging infrastructure: High. This model supports the
build-up of public charging infrastructure. The one caveat is that it is dependent on
the PEV network operator commissioned for the project. An operator that requires a
subscription may deter users and limit utilisation.

Mobile Charging Systems!2! (e.g. Ubitricity)

Summary of business model: Mobile charging systems enable owners to charge
their vehicles by using a smart cable that acts as a mobile electricity metre.
Companies such as Germany’s Ubitricity install low-cost sockets (SimpleSockets) in
publicly accessible places (mainly street lamps) which can then be used by anyone
with a SmartCable to top off their vehicle’s charge. The SmartCable communicates
with the vendor and handles the transactions.

Revenue collection method: The user creates an account with the company and is
charged based on the sale of electricity. These business models can also have revenue
streams from the use of the parking spot and from selling advertising space.

Established in market: Yes. The London Borough of Hounslow recently begun
installing Ubitricity’s SimpleSockets in some neighbourhoods.

Key benefit: This business model utilises low-cost charging infrastructure which
provides an inexpensive way to expand publicly available charging infrastructure since
installation usually requires only a special socket. Since the plug provided on the street
lamp does not have a metre, power usage cannot be tracked without another device.
The Ubitricity system provides an electricity revenue grade metre and a cellular grade
modem in the charging cable that plugs into the port on the street lamp. This allows
electricity consumption to be measured during a charging event and the amount
consumed to be uploaded via the cellular modem to enable the financial transaction
of electricity consumed. This charging infrastructure allows PEV users to charge their
vehicle where public sockets already exist while still purchasing the electricity.

Key challenge: The key challenges to this business model are one, getting smart
cables in the hands of PEV drivers and two, identifying opportunities for socket
installation. The cable is something consumers would have to carry in their vehicle at
all times, while companies would still need to get access to infrastructure owners and
convince them to purchase and install the socket.

Profitability: High. Companies like Ubitricity look to make a profit by enabling access
to a new network of charging infrastructure and the sale of electricity, while keeping
upfront capital costs low.

Degree of scalability: Moderate/High. The low cost of charger installations and the
prevalence of potential sites allows the network to expand cheaply and quickly. These
networks will only expand if these companies see value in expanding their charging
networks.

Contribution to public charging infrastructure: High. The build-up of these
charging networks relies on the adoption of these sockets, the purchase of the smart
cables, and the utilisation of the chargers to collect revenue from the sale of electricity.

181 Ubitricity (n.d.).
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BM-F: Energy supplier-lead planning and installation of charging infrastructure!82
(e.g. RWE/Innogy)

Business model summary: RWE/Innogy has partnered with over 100 companies to
provide one of the largest public charging networks in Europe. The RWE/Innogy
charging network operates on a pay-as-you-go structure, and users do not need an
Innogy account to access the network of over 5,800 charging points. This model is
different from the business model funded through public money in that the energy
provider is the primary actor, or can partner with the PEV charging network
companies, rather than PEV network companies being commissioned by governments.
The source of funding comes from the energy providers’ sale of electricity to utility
customers rather than public money.

Revenue collection method: Revenue can be collected several ways, depending on
the energy supplier's level of involvement. The energy supplier may outsource
operations through a network provider, or the energy supplier could own and operate
the stations themselves. Depending on the customer, revenue on the sale of electricity
may be collected via energy bill charges, subscriptions, pay-per-use, or any
combination. Other sources of potential revenue include parking fees and
advertisement space.

Established in market: Yes. Innogy has owned and operated charging stations since
its inception in 2016.

Key benefit: Energy suppliers can take a holistic approach to the build-up of charging
infrastructure, making sure underserved and low-income areas are provided with
sufficient charging amenities. In addition, most customers already have an account
with an energy supplier. Once public charging transactions can occur and correctly
charge the correct accounts, this may be superior to subscription-based models. This
model could also provide the energy suppliers with the opportunity to use public
charging stations to aggregate capacity for demand response events.

Key challenge: The general challenge is getting high enough utilisation to justify the
use of all electricity customer funds to finance these projects. There is also a challenge
for energy supplier-operated public charging stations to identify solutions for charging
separate users in a public setting. Currently, these charging stations are linked to a
specific energy supplier account. To transition to public charging stations, there will
need to be a solution to enable the purchase transaction between different customers.
There are a couple programmes providing a solution already.

One is Ubitricity’s business model, which uses RFID-encoded charging cables to
identify users and handle transactions,!83 while pilots in Germany and California are
using blockchain technology to enable the transactions. 18

Profitability: High. Energy suppliers are eager to cash in on the transition to EVs,
and would be able to set their own rates to maximise their benefit (with approval from
the proper authority). Energy suppliers and/or charging network operators could use
any number of the revenue options available, such as subscription models, pay-per-
use, parking fees, and advertisement space.

182 Hall S., Shepherd S., Wadud Z. (2017).
183 Ubitricity (n.d.).
184 Shareandcharge (n.d.).
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Degree of scalability: Moderate. The energy supplier will have to justify the use of
utility customer funds for the rollout of PEV charging infrastructure before seeing
increased revenues, and to identify solutions to technological challenges such as ways
to charge different users. The advantage is that the energy supplier may have more
autonomy as an actor than the government. In addition, models that commission a
PEV charging network operator may create barriers to participation if they require
subscriptions for use.

Contribution to public charging infrastructure: High. This model supports the
build-up of public charging infrastructure. The one caveat with this model is that it is
dependent on the PEV network operator commissioned for the project. An operator
that requires a subscription may limit utilisation and deter users by requiring a
subscription to use the station.

BM-G: Auto OEM - Energy supplier — Operator Partnership!®> (e.g. BYD/China
Southern Power Grid franchise partnership)

Summary of business model: In this business model, an auto OEM and an energy
supplier partner are partnered for the build-up of public charging infrastructure. In
the case of BYD/China Southern Power (CSP) grid franchise partnership, every new
PEV driver in Shenzhen will get two vehicle charging stations installed, one at their
residence and one near their place of business, free of charge. BYD and CSP take care
of the installation costs, and franchise the maintenance and operation of the chargers.
The goal of the partnership is to rapidly expand the available charging infrastructure
for public use and promote the sales and adoption of EVs in Shenzhen, China. In 2017,
Shenzhen announced a 100% increase in government grants for charging station
operators. 18 Other government subsidies include PEV use of bus lanes during rush
hour, insurance privileges, and free annual maintenance checks, as well as extremely
affordable peak and off-peak electricity prices for new PEV users: night charging is
approximately Chinese Yuan (CNY) 0.03/kWh (<EUR 0.01/kWh).

Revenue collection method: The charging infrastructure is franchised, and then
collects revenue based on electricity sold.!87 188

Established in market: Yes, this partnership began in 2012.

Key benefit: This business model creates charging infrastructure that is directly tied
to the sales of PEVs, and there is no immediate requirement for profitability.

Key challenge: It is unclear if this business model can continue to scale without
subsidies provided by the government.

Profitability: High. Charging station installation is subsidised by the
government/energy supplier/OEM and operated by a franchise. Subsidies help
charging networks reduce capital costs and achieve profitability much faster.

Degree of scalability: Low/Moderate. Business models using government subsidies
to increase access to PEV charging infrastructure require consistent public subsidies
outside of high utilisation areas to continue growth.

185
186

187
188

©

Weiller C., et al. (2015).

Operators can receive CNY 300 or CNY 600 (EUR 38.51 or EUR 77.01) in government subsidies for every
kilowatt-hour of power capacity they build, depending on the type of chargers installed. These subsidies are
only available to companies who run stations with a total charging capacity of over 8,000kW.

Weiller C., et al. (2015).

Lauer J., Dickhaut W. (2016).
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e Contribution to public charging infrastructure: High. Each vehicle purchased in
Shenzhen receives two publicly usable charging stations.

4.3 Scoring

Table 9 is the scorecard of the business models. The table is sorted by aggregate score from
highest to lowest. Each business model is given a score between 1-5 (1=Poor, 3=Moderate,
and 5=High) for the following categories:

o Profitability scores were judged based on the business models’ strategies for
securing revenue and the distinct path to profitability.

¢ Degree of scalability was scored based on market opportunities, the presence of
financial support (either through revenue or public support), and the ability to expand
PEV charging infrastructure under the current model.

¢ Contribution to public charging infrastructure was scored by assessing the goals
and availability of the chargers provided by the business model.

¢ Funding source is given a score between 1-3 (1=funding unidentifiable,
2=public/private fund mix or partially unidentifiable, 3=private funding only).
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Table 9: Business model scorecard

Business model title Profitability Degree of Contribution to Funding Aggregate

scalability public charging source score
infrastructure

PEV Charging Network
BM-A Companies (e.g. Fastned, 5 4 5 3 17
NewMotion, ChargePoint)

Mobile Charging Systems (e.g.
Ubitricity)

BM-E
Interregional Public Charging
BM-C with Auto OEM-provided subsidy 5 4 4 2 15
(e.g. Ionity, Washington State)

Energy supplier-lead planning
and installation of public
charging infrastructure (e.g.
RWE/Innogy)

Public Charging Infrastructure

funded by grants and public

funding (e.g. many governments 5 2 5 2 14
provide financial support for PEV

charging)

BM

1
O

Auto OEM - Energy supplier -
Operator Partnership (e.g. 5 2 5 2 14
BYD/CSP grid franchise partnership)

BM

1
()]

Auto OEM-owned Charging
BM-B Network (e.g. Tesla Supercharger 1 3 2 3 9
Network)

Source: Authors’ own elaboration (2018).
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Scores from each category were added to create an aggregate score, which was then used
to rank each business model. As shown in Table 9, business models A, E, C, and F were the
top performers, while business model B came in last. BM-B’s low score can be attributed to
the model’s lack of profit-seeking. However, it is important to recall that Tesla’s Supercharger
Network is the most comprehensive PEV fast charging network, which exhibits the value Tesla
has placed on these additional consumer touchpoints. BM-A and BM-E had the top scores,
being able to scale (albeit slower) without public funds and being completely dependent on
generating revenue. Although not factored into the scores, BM-E does have a much lower
capital requirement than BM-A for the build-up of PEV charging points. Many of the details of
Ionity have not yet been announced, and thus scores are based on assumptions provided
from Ionity announcements and the similar hypothetical business model from C2ES for BM-
C’s score.

Business models with lower scores tended to having lower scalability scores, which usually
was due to a reliance on funding sources beyond profits and revenues. Many of these business
models may be able to increase scalability with the inclusion of strategies in other business
models. For example, employing strategies like BM-E with the low upfront capital costs may
help maximise public funds or speed up the path to profitability. Similarly, while most
business models scored high on profitability, there are many ways to monetise the charging
process, and adding new revenue sources can help business models thrive and reach new
levels.

In addition to scoring the strengths and weaknesses of these business models, the authors
of this study also identified opportunities to mitigate some of the issues inherent in the build-
up of charging infrastructure beyond directly supplementing business model success. Those
opportunities are described briefly in Table 10.

Table 10: Potential challenges and solutions

CHALLENGE SOLUTION ACTORS

High capital cost of charging
point installation slows down
or prevents PEV network
expansion.

Subscription services lock-in
customers, deter the use of
other networks, and
unsubscribed drivers may be
deterred by higher rates or
subscription requirements
and opt to charge at home.

Lack of transparency and/or
method of communicating
costs to consumers.

18 Fitzgerald G., Nelder C. (2017).

Provide a time-limited
government subsidy to assist
with capital cost requirements.
Identify new revenue sources
to assist with high costs of
expansion. For example,
provide demand response
and/or other vehicle-to-grid
services.

Create a government mandate
to ensure cross-network
compatibility.

Create a standardised way of
displaying the cost to the

consumer (i.e. cost-per-mile,
cost-per-passenger, etc.).8?
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Policymakers, hardware
suppliers, charging
point operators, energy
providers, and market
players for vehicle-to-
grid services.

Policymakers, billing
and network operators.

Policymakers,
automakers, billing and
charging point
operators, energy
providers.
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CHALLENGE SOLUTION ACTORS

Over utilisation of PEV Work with energy providers Policymakers, energy
chargers/grid stress during and charging point operators providers, charging
certain time periods. to create Time-Of-Use (TOU) point operators.

tariffs to shift PEV charging
demand away from peak
times.
Source: Authors’ own elaboration.

Not all market players adopt every aspect of any one business model. Rather, market players
can pick and choose pieces of many models to stitch together their products or services. It
is important to keep in mind how all players interact, whether they provide one piece of the
solution (i.e. the hardware of a charging point, or the billing services of a network operator)
or a full service of both hardware and network operations. While a policy change to integrate
charging point networks may expand the current networks’ availability, in the short-term it
could have little effect on the ability to expand networks if capital costs remain the same.
Similarly, supporting a business model like Ubitricity’s, which has lower upfront capital costs
due to the lower infrastructure requirements could divide the market, but would be an
efficient method of quickly expanding the available network.
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5 CONCLUSIONS AND POLICY RECOMMENDATIONS

KEY FINDINGS

e A clear commitment to a long-term strategy and a coordinating agency at European
Union (EU) level, including the creation of an EU-wide database, will propel (Plug-
in Electric Vehicle) (PEV) adoption forward.

e In the regulatory dimension, further detailed definitions for minimum standards
for future charging stations should focus on smart charging technology and data
exchange requirements.

e Financial support for public charging infrastructure should be continued until
business models become more profitable, and funding should be coupled to
steering mechanisms for the locations of charging stations.

e Further research is needed on aspects including ideal site distribution, ultra-fast
charging, PEV range extension, and battery development.

e Collaborative processes for the definition of regulation as well as awareness
raising among end users for existing charging infrastructure will be key.

This chapter summarises the main conclusions and, on the basis of this, evaluates the
appropriateness of current support for PEV charging infrastructure. It also provides
recommendations on required actions and suggestions to facilitate the deployment of PEV
charging in the EU.

5.1 Summary of findings

To date, the build-up of charging infrastructure is progressing at varying rates relative to PEV
sales in a given country, and has largely been funded by government efforts. Range anxiety
continues to be an issue for potential PEV drivers as they want chargers to be as visible as
petrol stations appear today. Depending on where the potential driver is located, range
anxiety could either be due to an actual lack of infrastructure or a lack of awareness thereof.
Funding programmes exist largely at national level and are complemented by further funding
programmes from the EU. EU Member States are currently heterogeneous with regard to the
extent of their respective PEV charging network. The information on existing funding
programmes is imperfect, as there is no centralised information platform at EU level for
providers of PEV charging services.

In terms of the technical hardware, the standards for PEV charging modes and types in place
in the EU are sufficient to guarantee uniform quality, safety of charging and investor security
for market actors. This is not the case so far for Electric Bicycles (e-bikes) and Pedal Electric
Cycles (pedelecs) where the unchecked import of battery types without battery management
systems presents a safety hazard.
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The harmonisation of payment systems and protocols (software), is further behind than for
the technical hardware. Despite progress in parts of the industry uniting around Hubject, the
industry joint venture that aims at harmonising roaming, and the widely used communication
protocol Open Charge Point Protocol (OCPP), the high number of payment systems may be
confusing to customers and negatively impacts convenience. Subscription services lock-in
customers, deterring them from using other networks, and unsubscribed drivers may be
deterred by paying higher rates or subscription requirements and instead opt to charge at
home.

The communication between the charging station and the vehicle works despite a high
number of different protocols, but payment systems are not always compatible with different
protocols. The diversity of payment systems is mirrored in the large range of consumer prices
for charging, which varies hugely from region to region. There is no agreement yet on how
future communication between the charging station and the grid will be managed. Market
actors appear divided on the question of to what extent the diversity of protocols is an issue.
To date, there are no minimal requirements for future functions of charging stations, such as
the ability to support smart charging.

The authors’ analysis shows that the density of charging infrastructure generally correlates
positively with PEV adoption. However, the influence of charging infrastructure as a variable
differs depending on the national context. Furthermore, there is a range of other factors that
are proven or suspected to be correlated with PEV uptake, such as model availability, financial
incentives, urban density, etc. At this point of early market development, it is unclear how
these factors interact and influence PEV adoption. Despite the uncertainty about the extent
of its influence, it can be concluded that charging infrastructure is necessary, but not
sufficient for PEV adoption in any given market. In this early stage of market development
for PEVs, most front-runner countries, with the exception of the United States of America
(USA), have applied a demand-oriented approach for their charging infrastructure rollout.

To increase market penetration, a shift towards a coverage-oriented approach is needed.
This will have a significant, positive impact on range anxiety at consumer level by providing
a safety net for emergency situations. However, if the number of charging points is too high
compared to the number of PEVs, there will not be a good business case for charging point
operators. A successful coverage-oriented approach in the EU requires a central register for
publicly accessible charging stations, to allow for a coordinated approach to identify gaps in
geographical coverage.

To date, there is no universal database for EU charging stations. While individual business
models have been developed that show charging station locations, they are often faulty or
incomplete. This is due to the absence of a comprehensive database. There are some local
and national initiatives, but they will neither be able to provide the type and amount of data
needed for the build-up of reliable applications, nor be able to inform prospective market
players about the likely utilisation and the revenue depending on the location with sufficient
detail. Such a publicly available database would be beneficial to policymakers, the private
sector, and the end users. The lack of requirements for data sharing on key indicators can
make measuring policy driven impacts challenging.

The ratio of PEVs per public charging point combined with a street map showing areas not

covered with public charging stations could be used by policymakers to determine the
quantity of public charging stations per region.

80



Charging infrastructure for electric road vehicles

While there is a high number of business models and ideas for operating charging
infrastructure, the profitability of most remains limited. This is largely due to the high capital
costs for charging stations, siting (i.e. finding the most appropriate location for charging
infrastructure) challenges, the cost of electricity for high power charging, and the uncertainty
of utilisation at specific locations.

5.2

A clear commitment to a long-term strategy for the expansion of charging infrastructure at
EU level would send a strong signal to all involved stakeholders. Using public and private
partnerships to expand the fast charging corridors beyond the initial projects (Fast-E, Ultra-
E, Ionity etc.) to enable electromobility across any of the major motorways that connect
Europe will provide assurance to PEV drivers that they can roam freely and will increase
adoption.

Policy recommendations

The most important issue to address in the current phase of market development is the lack
of a coordinating agency at EU level. The responsibilities of such an institution would include
creating a reliable database of existing infrastructure, providing comprehensive information
about funding programmes, and developing coordinated approaches for the further
development of infrastructure in cooperation with the EU Member States.

Table 11: Policy recommendations for PEV charging infrastructure

REGULATION

INCENTIVES AND

FINANCING

RESEARCH AND
DEVELOPMENT

CAPACITY

BUILDING AND

KNOWLEDGE
SHARING

Define minimum
standards for
future charging
stations (payment
systems,
protocols, data
reporting, smart
charging) to
ensure the
installation of
future-proof
charging stations
(i.e. open access
data and the
ability to offer
smart functions
such as variable
electricity tariffs)

Promote
availability of
data for location,
real-time
occupation and
utilisation of all
charging stations
(Successful
examples: the

Continue funding
of charging
infrastructure until
more business
models become
profitable

Couple the
funding of
infrastructure in
attractive
locations with the
build-up of
infrastructure in
less attractive
locations

Focus funding at
areas not yet
covered such as
transnational
charging corridors

Ensure a high
realisation rate,
low transaction
costs and non-
discriminatory
conditions
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Promote a
centralised,
publicly available
database on
charging
infrastructure

Support research
projects for ideal
site distribution
(e.g. STELLA
project)

Research policy
measures to steer
ideal site
distribution for
charging stations

Fund projects that
assess the impact
of increased PEV
penetration,
interaction with
renewables, and
identifying key
data points to
monitor grid
health

Promote
collaborative
approaches
including all
involved actors
and regulatory
levels (regulators,
charging station
operators, end-
customers, civil
society,
producers, auto
makers, grid
operators,
consumer
protection org.)
(e.g. organise
cross-sectoral
dialogue)

Raise end-
customer
awareness for
existing
infrastructure
network and
technical
standards to
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CAPACITY
BUILDING AND
KNOWLEDGE

INCENTIVES AND

RESEARCH AND

REGULATION DEVELOPMENT

FINANCING

SHARING

UK’s Office for o
Low Emission
Vehicles (OLEV)
programme,
Norway’s publicly
owned database)

¢ Continue to
remove
regulatory
barriers, e.g. in
tenancy law and
right of abode
(e.g. EU Directive
requiring a
charging point in
every new or
refurbished home
beginning in
2019)

e Promote
installation of
charging
infrastructure in
publicly accessible
spaces (e.g.
commercial
parking garages,
train stations,
airports, etc.)

e Define and
monitor e-bike
and pedelec
safety standards

Create incentives
for workplace
charging and
charging solutions
for homes without
garages
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Fund research
programmes on
ultra-fast
charging, range
extension, battery
development, etc.

Fund research into
ways to reduce
the cost of fast
charging through
rate structure
changes and use
of storage

Fund vehicle-to-
grid/sector
coupling (Trans-
European
Networks for
Energy (TEN-E)
and Trans-
European
Transport
Network (TEN-T)
cooperation)

Promote
cooperation
between existing
working group
activities, pilot
projects, and
policy processes
on smart charging
practices and
stationary battery
storage

address customer
concerns (e.g.
range anxiety) to
facilitate
behavioural
change

Develop an
information
platform that
provides data on
technical
standards and
funding guidelines
in the EU for
project developers
(Successful
example: the UK'’s
OLEV programme)

Source: Authors’ own elaboration (2018).
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ANNEX A: COUNTRY FACT SHEETS

The country fact sheets provide an overview of key parameters regarding charging
infrastructure and electromobility. Unless referenced otherwise, the European Alternative
Fuel Observatory (EAFO) was the data source used to produce these fact sheets. The EAFO
is a European Commission initiative to provide alternative fuels statistics and information.
With regards to the Plug-in Electric Vehicle (PEV) market share of new registrations, the focus
is on M11% vehicles. For the EU front-runners (France, Germany, the Netherlands, and the
United Kingdom (UK)), the PEV market share of new registered N1!°! vehicles was included,
as the front-runners cover 80% of the total N1 PEV vehicle stock in the EU.

Austria

PEV market share of new passenger car
(M1) registrations [%].
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Direct consumer incentives.

Bonus payments & premiums

Retail customers: Euro (EUR) 4,000
per Battery Electric Vehicle (BEV)
(EUR 2,500 from the federal
government, EUR 1,500 additional
rebate by the industry) and EUR 1,500
per Plug-in Hybrid Electric Vehicle
(PHEV) (EUR 750 by the federal
government, EUR 750 additional
rebate by industry) if purchase price is
below EUR 50,000 and the minimum
electrical range of the vehicle is 40
Kilometre (km).

190 vehicles used for the carriage of passengers, with no more than eight seats in addition to the driver seat.

191 | ijght duty commercial vehicles up to 3.5 tonnes.
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Businesses and municipalities: EUR
3,000 per BEV (EUR 1,500 from the
federal government, EUR 1,500
additional rebate by the industry) and
EUR 1,500 per PHEV (EUR 750 by the
federal government, EUR 750
additional rebate by industry).

Additional funding (businesses only)
for other vehicle such as buses, LDV,
HDV (up to EUR 60,000).

Tax benefits

Registration tax: All cars below 90g
Carbon Dioxide (CO2)/km are exempt.

Road tax: BEVs are exempt, PHEVs
pay only for the Internal Combustion
Engine (ICE) part.

Company car tax: BEV company cars
are exempt, PHEVs pay a rate of 18%
and vehicles emitting > 130g CO2/km
pay a rate of 24% (the threshold
comes down 3g COz2/km every year
until 2020).

Local incentives.

Electric Vehicles (EVs) are exempt
from parking fees in several bigger
cities.

Charging infrastructure incentives (public
and private).

Aktionspaket E-Mobilidt (Eng. Action
Plan Electromobility): EUR 72 million
to further stimulate the sales of EVs
and to extend the public charging
infrastructure.!°?

Complementary policies.

Introduction of green number plates
for EVs to facilitate the introduction of
incentives at municipal level.1%3

192 Bundesministerium fur Nachhaltigkeit und Tourismus (2017), Aktionspaket zur Férderung der E-Mobilitdt, URL:
https://www.klimaaktiv.at/mobilitaet/elektromobilitaet/foerderaktion epkw2.html.

193 Bundesverband Elektromobilitdt Osterreich (2017), Neue griine E-Kennzeichen, URL:
http://www.beoe.at/2017/04/03/foerderungen-fuer-privatpersonen-2/.
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Belgium

PEV market share of new passenger car
(M1) registrations [%].
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Direct consumer incentives.

Bonus payments & premiums

EUR 4,000 per EV in Flanders for
private car owners.

Tax benefits194

Registration tax: EVs are exempt in
Flanders.

Road tax: EVs pay the lowest rate
(EUR 74 instead of EUR 1,900) in all
three regions.

Company car tax: 120% for BEVs, and
100% for vehicles emitting between 1
and 60g CO2/km deductible from
company expenses. Above 60g
CO2/km, the deductibility rate
decreases from 90% to 50%
progressively.

Local incentives.

Not available.

Charging infrastructure incentives (public
and private).

For companies under corporate tax
system: additional deductibility of
13.5% on the investment of charging
infrastructure.

194 European Automobile Manufacturers Association (ACEA) (2017b), Overview on tax incentives for electric
vehicles in the EU, URL: http://www.acea.be/uploads/publications/EV incentives overview 2017.pdf.
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Bulgaria
PEV market share of new passenger car 0.25%
. . o ’
(M1) registrations [%]. 0,20%
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Direct consumer incentives.

Tax benefits195

e Road tax: EVs are exempt.

Local incentives.

Charging infrastructure incentives (public
and private).

Not available.

Croatia

PEV market share of new passenger car
(M1) registrations [%].
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195 European Automobile Manufacturers Association (ACEA) (2017b), Overview on tax incentives for electric
vehicles in the EU, URL: http://www.acea.be/uploads/publications/EV incentives overview 2017.pdf.
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Number of public/semi-public charging

points. 500

400 .
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Normal power charging mHigh power charging

Direct consumer incentives. .
Bonus payments & premiums
e Co-financing of up to 40% of the total
price of a vehicle is available capped
at Croatian Kuna (HRK) 70,000 (EUR
9,200) for BEVs and HRK 50,000 (EUR
6,600) for PHEVs, 196

Local incentives.
Charging infrastructure incentives (public Not available.
and private).

Cyprus
PEV market share of new passenger car 1,0%
(M1) registrations [%]. 0,8%
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0
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19 FEltis (2015), Croatian government offer subsidies for electric vehicles, URL:
http://www.eltis.org/discover/news/croatian-government-offers-subsidies-electric-vehicles.
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Direct consumer incentives.

Tax benefits

Registration tax: Vehicles emitting
less than 120g CO2/km are exempt.

Local incentives.
Charging infrastructure incentives (public
and private).

Not available.

The Czech Republic

PEV market share of new passenger car 0,3%
(M1) registrations [%]. 0,2%
0,2%
0,1%
0,10/0 . .
0,0% S
2013 2014 2015 2016 2017
mBEV PHEV
Number of public/semi-public charging 800
points.
n
.
0
2013 2014 2015 2016 2017

Normal power charging ®High power charging

Direct consumer incentives.

Tax benefits

Road tax: EVs and other alternative fuel
vehicles are exempt (this tax applies to
cars used for business purposes only).!%”

Local incentives.
Charging infrastructure incentives (public
and private).

Not available.

197 European Automobile Manufacturers Association (ACEA) (2017b), Overview on tax incentives for electric

vehicles in the EU.
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Denmark

PEV market share of new passenger car 3,0%

(M1) registrations [%].
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Direct consumer incentives. i
ect consumer incentives Tax benefits

e Registration tax: From 2016, BEVs are
included in the same tax scheme as
petrol and diesel cars. The resulting
increase in the registration tax will be
gradually phased in, at 20% of the full
tax in 2016, 40% in 2017, 65% in
2018, 90% in 2019 and 100% in
2020. Petrol and diesel cars pay 150%
in registration tax. Fuel cell-powered
vehicles are exempt from registration
tax until the end of 2018.

Local incentives. e Payment benefits for parking lots up
to Danish Krone (DKK) 5,000 (EUR
670) per year.

e Dedicated parking lots for EVs.

e Fleet owners purchasing energy
efficient vehicles - including EVs - can
receive funding from the utility
companies ranging from DKK 2,000-
4,000 (EUR 270-540) per vehicle.

Charging infrastructure incentives (public e Tax rebate on installation of EV home
and private). chargers of up to DKK 18,000 (EUR
2,420).

e Connection charge reduced by 50%
for public charging stations.
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Estonia

PEV market share of new passenger car
(M1) registrations [%].
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Local incentives.

Charging infrastructure incentives (public
and private).

Not available.

Finland
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e Registration tax: BEVs pay the
minimum rate (5%) of the COz-based
tax.

Local incentives.

Charging infrastructure incentives (public
and private).

Not available.

France

New passenger car CO2 emissions.

115g CO2/km.
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Direct consumer incentives.

Bonus payments & premiums

EVs and PHEVs emitting 20g COz/km
or less get EUR 6,000, vehicles
emitting between 21 and 60g/km
receive a EUR 1,000 premium.

"L" category vehicles (quadricycles,
motorbikes, scooters, etc.) receive a
premium of EUR 250 per kilowatt-
hour, with a limit of EUR 1,000 or 27%
of purchase price.

Diesel scrappage scheme: Up to EUR
4,000 if an old diesel vehicle car is
replaced by a low emissions vehicle.

Tax benefits:

Registration tax: Regions have the
option to provide an exemption (either
total or 50%) for alternative fuel
vehicles.

Company car tax: BEVs are exempt
and hybrid vehicles emitting less than
110g CO2/km are exempt during the
first two years after registration.

Charging infrastructure incentives (public
and private).

EUR 50 million funding available for
charging infrastructure covering up to
30% of the equipment cost.

Public-private partnerships to
accelerate the construction  of
charging points.

Tax breaks for home charging
equipment.

Complementary policies.

EV targets for government and
business fleets.

Subsidy for car rental and taxi firms.

Research and development funding.
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Germany

New passenger car CO2 emissions.

132g CO2/km.
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Direct consumer incentives.

Bonus payments & premiums

e BEVs get EUR 4,000 and PHEVs get
EUR 3,000, given that 50% of the
grant is paid by the automakers.

e Low interest loans for company EVs.

Tax benefits:

e Road tax: EVs registered until
December 2015 are exempt for the
first 10 years, if registered afterwards
they are exempt for 5 years.

198 Bundesverband der Energie- und Wasserwirtschaft (BDEW) (German Federal Association of Energy and Water

Industries) (2017a), Erhebung Ladeinfrastruktur, URL:

https://www.emobilitaetonline.de/news/ladeinfrastruktur/3691-bdew-lades%C3%A4ulen-erhebung-auf-9-

elektroautos-kommt-1-%C3%B6ffentlicher-ladepunkt.
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Company tax: Tax deductions on
company cars based on the electric
storage capacity included in the
vehicle.

Transport companies are paying a
reduced electricity tax for the
operation of their electric or hybrid
buses (EUR 11.42/Megawatt-hour
(MWh) instead of EUR 20.5/MWh).

Local incentives.

Free parking, dedicated parking spots
and bus lane use for BEVs in some
cities.

Charging infrastructure incentives (public
and private).

A maximum grant of 40% is given for
both fast chargers (up to EUR 30,000)
and normal chargers (up to EUR
2,500).

Complementary policies.

Consumer awareness and research
and development programmes on
sustainable mobility.

Increased allowable spending for
government EVs.

Greece

PEV market share of new passenger car
(M1) registrations [%].
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Charging infrastructure for electric road vehicles

Direct consumer incentives.

Tax

e Road tax:

benefits:

Registration tax: EVs and PHEVs are
exempt.

Electric and hybrid
passenger cars with an engine
capacity up to 1,929 cubic centimetre
(cc) are exempt. Hybrid cars with a
higher engine capacity pay 50% of the

normal rate (based on
capacity).

e Luxury tax: PEVs are exempt.

Local incentives.

Charging infrastructure incentives (public
and private).

Not available.

Hungary
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Direct consumer incentives.

Tax benefits
e Registration tax: EVs are exempt.
e Road tax: EVs are exempt.

e Company tax: EVs are exempt.

Local incentives.

e Parking benefits such as free parking

while charging.

e Low emission zones: Traffic allowance

during smog alert.

Charging infrastructure incentives (public
and private).

Not available.
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Ireland

PEV market share of new passenger car
(M1) registrations [%].
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Direct consumer incentives.9°

Bonus payments & premiums

Up to EUR 5,000 for EVs (until
December 2021 for EVs and 2018 for
PHEVSs).

Tax benefits

Registration tax: EVs qualify for tax
reliefs of up to EUR 5,000 (until Dec
2021), PHEVs qualify for EUR 2,500
(until Dec 2018).

Road tax: EVs pay the minimum
annual road tax of EUR 120 (CO:-
based tax).

Local incentives.

Free charging at normal and high
power public charging points.

Infrastructure incentives.

Charging infrastructure incentives (public
and private).

Up to EUR 2,000 grant for the
installation of domestic chargers.

Complementary policies.

Energy efficiency scheme which allows
companies to write-off 100% of the
purchase value of qualifying energy

efficient equipment. The scheme
supports the purchase of BEVs,
PHEVs, hybrid vehicles and the

associated charging equipment.

199 European Automobile Manufacturers Association (ACEA) (2017b), Overview on tax incentives for electric

vehicles in the EU.
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Italy

PEV market share of new passenger car
(M1) registrations [%].
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Direct consumer incentives.

Bonus payments & premiums

e EUR 4,000 for BEVs in the region of
South Tyrol (EUR 2,000 from
government, EUR 2,000 additional
rebate by industry).

Tax benefits

e Road tax: EVs are exempt for a period
of five years from the date of first
registration. After this five-year
period, they benefit from a 75%
reduction of the tax rate applied to
equivalent petrol vehicles in many
regions.

Local incentives.

Not available.

Charging infrastructure incentives (public
and private).

e Credit for charging infrastructure in
non-residential buildings over 500
square metres.
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Latvia

PEV market share of new passenger car
(M1) registrations [%].
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Direct consumer incentives.

Tax benefits

e Registrations tax: EVs are exempt.

e Road tax: BEVs are exempt, COq-
based taxation.

Local incentives.

e Free parking in Liepaja.

e Bus lane use in some cities.

Charging infrastructure incentives (public
and private).

Not available.

Lithuania
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Charging infrastructure for electric road vehicles

Number of public/semi-public charging
points.
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Direct consumer incentives.

Not available.

Local incentives.

e Reduced parking fees.

e Bus lane use in Vilnius.

Charging infrastructure.

Not available.

Luxembourg
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Direct consumer incentives.

Tax benefits

e Registration tax: Zero Emissions
Vehicles (ZEVs) benefit from a tax
allowance on the registration fees of
EUR 5,000.

e Road tax: EVs pay the minimum rate
of the annual circulation tax (CO:-
based taxation).
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e Company tax: Based on CO2
emissions, EVs pay the lowest rate at
0.5%.200

Local incentives.

Charging infrastructure incentives (public
and private).

Not available.

Malta
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Direct consumer incentives.

Bonus payments & premiums

e EUR 8,000 for a new BEV while
scrapping an over 10-year-old ICE
propelled vehicle.

e EUR 5,000 grant on the purchase of a
new or used BEV without scrapping an
older ICE vehicle.

e EUR 2,000 grant for the purchase of
an electric quadricycle.

Tax benefits
e Registration tax: BEVs are exempt.

e Road tax: EVs only pay EUR 10 per
year as a symbolic contribution
towards congestion (CO2-based
taxation).

200 Portall du Développement durable et des Infrastructures (2017), Tax reform measures for company cars, URL :
blic.lu/fr/d ble-infrastruct

moblllte durable en/mesures-vehicules-de- fonctlon/lndex html.
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Charging infrastructure for electric road vehicles

Local incentives.

EVs are exempt from the Valletta
congestion charge.

Use of priority lanes.

Charging infrastructure incentives (public
and private).

EV owners can charge their vehicles at
home wusing residence electricity
subsidies.

Grant of EUR 2,000 to assist
companies to buy charging points (up
to five charging points per company).

The Netherlands

New passenger car CO2 emissions.

108g CO2/km.
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Direct incentives.

Tax benefits

Registration tax: ZEVs are exempt.
For other cars the system s
progressive, with five levels of CO2
emissions that pay different amounts
of registration tax. PHEVs go to level
1 (1-79g CO2/km) and pay EUR 6 per
gram. For level 2 (80-106g CO2/km)
the tariff is EUR 69 per gram COz. The
final level is EUR 476 per gram for
174g CO2/km or over.

Road tax: ZEVs are exempt. PHEVs (<
51g CO2/km) pay half of the road tax.

Company car tax: Income tax must be
paid on the private use of a company
car. This is done by imposing a
surcharge of 4-25% of the catalogue
value on the taxable income. This
percentage is 4% for ZEVs. The
standard rate for ICE vehicles is 22%.

Tax deductible investments: The
Netherlands has a system to facilitate
investments in clean technology, and
makes these investments partially
deductible from corporate and income
taxes. ZEVs and PHEVs (not with a
diesel engine) are on the list of
deductible investments, as are the
accompanying charging points.

Local incentives.

In municipalities including
Amsterdam, Rotterdam, The Hague,
Utrecht, and Tilburg.

Various subsidies are available for the
purchase of electric cars, taxis and
trucks for business purposes or
otherwise.

Additionally, municipalities offer
various subsidies for the installation of
charging stations.

Charging infrastructure incentives (public
and private).

Green Deal: EUR 5.7 million for the
deployment of publicly accessible
charging points (provided that the
municipality and the market party
contribute equally).20t

201 Hamelink, M. (n.d.), Dutch vision charging infrastructure, Ministry of Economic Affairs, URL:
http://amsterdamv2gconference.eu/images/program/NL%20Min%20Econ%20Affairs%?20-

%20V2G%?20Conferencel?.pdf.
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Charging infrastructure for electric road vehicles

Complementary policies.

¢ EUR 3,000/EUR 5,000 subsidy for

electric vans and taxis.

e Favourable asset depreciation rates

for EVs.
e Education and promotional events.

e Innovation incentives for small
medium enterprises.

e Website
consolidates information
electromobility (e.g. incentives).

Poland
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Regulatory incentives.

Direct consumer incentives.

Local incentives.

Charging infrastructure incentives (public

and private).

Not available.
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Portugal
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Direct consumer incentives.

Bonus payments & premiums

e EUR 2,250 for BEVs, EUR 1,125 for
PHEVs.

Tax benefits

e Registration tax: BEVs are exempt.
PHEVs with an electric range of 25km
pay 25% of the standard tax rate

e Road tax: COz-based.

e Company car tax: Value-Added Tax
(VAT) is deductible for companies if
purchase cost < EUR 50,000.

Local incentives.

e Free parking in Lisbon.

e Local utility company gives one-year
discount in electricity for BEV buyers.

Charging infrastructure incentives (public
and private).

Not available.
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Romania

PEV market share of new passenger car
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Direct consumer incentives.

Bonus payments & premiums

e Up to EUR 11,500 for EVs under the
Rabla Plus programme.

Tax benefits

e Registration tax: BEVs and PHEVs are
exempt.

e Road tax: COz-based.

Local incentives.

Charging infrastructure.

Not available.

Slovakia
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Number of public/semi-public charging
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Direct consumer incentives.

Bonus payments & premiums

EUR 5,000 for BEVs and EUR 3,000 for
PHEVs (available until the end of
2017).

Tax benefits

Registration tax: Owners of BEVs pay
the lowest rate (EUR 33).

Road tax: BEVs are exempt.

Local incentives.

Parking discounts in selected cities.

Charging infrastructure incentives (public
and private).

Not available.

Slovenia
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Direct consumer incentives.

Bonus payments & premiums

e EUR 3,000 to EUR 7,500 for EVs
depending on the vehicle category.

Tax benefits

e Registration tax: BEVs pay the lowest
(0.5%) rate (CO2-based taxation).

e Road tax: BEVs are exempt.

Local incentives.

Charging infrastructure incentives (public
and private).

Not available.

Spain
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Direct consumer incentives.

Bonus payments & premiums

e EUR 1,300 to EUR 5,500 for PEVs
depending on the electric driving
range.?0?

e Up to EUR 18,000 for electric vans or
trucks.

202 Money Saver Spain (2017), Grants for Electric Cars, URL: http://moneysaverspain.com/grants-electric-cars-

spain/.
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Tax benefits

e Road tax: CO2-based taxation,
exemption/reduction for EVs
depending on local policies (e.g.
Madrid, Barcelona, Zaragoza,
Valencia, etc.).

e Other tax benefits: Luxury tax

exemption until 2017.

Local incentives.

e Toll exemption on regional motorways
for EVs.

e Free parking in selected cities.

e Traffic lanes reserved for high
occupancy circulation can be used
only by the driver of BEVs.

Charging infrastructure incentives (public
and private).

e Subsidies for
charging points.

private and public

Sweden
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Direct consumer incentives.

Bonus payments & premiums

e Grant of Swedish Krona (SEK) 40,000
(EUR 3,800) for ZEVs and SEK 20,000
(EUR 1,900) for EVs with emissions of
1-50g CO2/km.
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Tax benefits

Road tax: Five-year exemption for EVs
and PHEVs with electrical energy
consumption per 100km which do not
exceed 37 Kilowatt-hour (kWh).

Company car tax: 40% reduction is
applied on company car taxation for
EVs and PHEVs.

Local incentives.

Charging infrastructure incentives (public
and private).

Not available.

The UK

New passenger car CO2 emissions.

1259 COx/km.
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Direct consumer incentives.

Bonus payments & premiums

Grant of Great Britain Pound (GBP)
4,500 (EUR 5,150) for vehicles with a
zero emission range of at least 70 miles
(110km), including hydrogen fuel cell
vehicles.

GBP 2,500 (EUR 2,900) grant for PHEVs
costing under GBP 60,000 (EUR
69,700).

Up to GBP 1,500 (EUR 1,700) for
motorcycles with an electric range of at
least 19 miles (30.58km).

Tax benefits:

Registration tax: From April 2017,
there is a tax exemption for ZEVs
valued at GBP 40,000 (EUR 46,000) or
less. Low-emissions vehicles pay
reduced tax rates.

Road tax: From April 2017, ZEVs valued
GBP 40,000 (EUR 46,000) or less are
exempt from the annual tax.

Company car tax: Reduced tax for low-
emission vehicles.

Local incentives.

EVs are exempt from London’s
congestion zone charge.

Local incentives include free parking.

Charging infrastructure incentives (public
and private).

Up to 75% (capped at GBP 7,500 (EUR
8,600) towards the cost of installing an
on-street residential charging point in
areas without off-street parking.

GBP 500 (EUR 570) incentive for
installing a dedicated home charging
station.

GBP 40 million (EUR 46 million) for
2015 to 2020.

Complementary policies.

Low Carbon Vehicle Public Procurement
Programme (2008-2013) for company
vans.

Accelerated asset depreciation for low
carbon cars.

Go Ultra Low City Scheme: National
funding for urban EV initiatives.
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e Ultra Low Emissions Vehicle Taxi
Scheme: GBP 20 million (EUR 23
million) for low-emission taxis.

e Go Ultra Low website for consumer
education.

Norway

New passenger car CO2 emissions.

125g CO2/km.
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Direct consumer incentives.

Tax benefits:

VAT: EVs are exempt from 25% VAT
on purchase.

Registration tax: BEVs are exempt,
PHEVs are eligible for a reduction of up
to EUR 10,000.

Road tax: Reduced for EVs to EUR 45
annually (normal rate is at least EUR
280).

Company car tax: The basis for the
company car tax is the vehicle’s full
purchase price, which is reduced to
60% for EVs.

Local incentives.

Some cities provide funding for
normal charging stations in shared
apartment buildings, parking garages,
malls, etc.

Charging infrastructure incentives (public
and private).

EUR 6 million invested by the state
agency Enova in the deployment of
public charging infrastructure.

Oslo invested EUR 2 million in
municipal public charging.

Governmental programme to finance
the deployment of at least two fast
charging stations every 50km on all
main roads in Norway by 2017.

Complementary policies.

No charges on toll roads or ferries.
Free municipal parking.

Access to bus lanes.
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China

New passenger car emissions (2014). 171g CO2/km.203
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Direct consumer incentives.
Bonus payments and premiums

e Car subsidies of up to 20% of the
price.2%

Tax benefits

e Exemptions from acquisition and
excise taxes (EUR 4,500-7,500).2%7

e Circulation and road tax exemption.

Local incentives. e Access to bus lanes.

e Exemption from access restrictions at
peak times.

e Free charging.

203 Yang, Z. and Bandivadekar, A. (2017), Global Update Light-duty Vehicle Greenhouse Gas (GHG) and Fuel
Economy Standards, Internatlonal Councn on Clean Transportation (ICCT), URL:

.theicct.
Report 23062017 vF.pdf.

204 International Energy Agency (IEA) (2017), Global EV Outlook, URL:
https://www.iea.org/publications/freepublications/publication/GlobalEVOutlook2017.pdf.

205 International Energy Agency (IEA) (2017), Global EV Outlook, URL:
https://www.iea.org/publications/freepublications/publication/GlobalEVOutlook2017.pdf.

206 China Daily (2017), Tougher rules for electric vehicle subsidies, URL:
http://www.chinadaily.com.cn/business/motoring/2017-01/03/content 27842725.html.

207 International Energy Agency (IEA) (2017), Global EV Outlook 2017, Two Million and Counting, URL:
https://www.iea.org/publications/freepublications/publication/GlobalEVOutlook2017.pdf.
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e Free parking.

e Total or partial waivers from licence
plate availability restrictions.208

e Pilot cities Shanghai, Beijing, and
Shenzhen obliged to provide one
charging point for every eight EVs,
with charging points to be no farther
than 1km from any point within the

city centre.
Charging infrastructure incentives (public e Construction of municipal charging
and private). stations  subsidised by central

government,2?

e 88 pilot cities including Shanghai,
Beijing, and Shenzhen are obliged to
provide one charging point for every
eight EVs, with charging points to be
no farther than 1km from any point
within the city centre.

Complementary policies. e Automakers need to obtain 10% of

sales credits from EVs or hydrogen
vehicles 2019 (compliance for
companies with annual sales over
30,000 units).?10

e Ban on gasoline-powered
motorcycles.?!?

e Building codes: Beijing, Shanghai and
Chongqing require 100% charging
pre-equipment.?t?

Targets. e National target to build 120,000 fast

charging stations and 500,000 total
public stations by 2020.2!3

e Dedicated target for buses and taxis.
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effects on vehicle growth and fuel consumption. Energy Policy, 75, 157-166.
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Charging infrastructure for electric road vehicles

The United States of America (USA)

PEV market share of new passenger car 1.4%
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Direct consumer incentives. e The federal government provides a
United States Dollar (USD) 7,500
(EUR 6,400) tax credit for the
purchase of qualifying plug-in electric
drive motor vehicles. The tax credit
applies to the first 200,000 qualified
PEVs sold by each manufacturer.

Local incentives. The local incentives for EVs and Electric
Vehicle Supply Equipment (EVSE) vary
across state and local boundaries within the
USA. Below is a list of some of the local
incentives that have been offered:

e High Occupancy Vehicle (HOV) Lane
Exemption.

e PEV charging rate incentives.

e Reduced PEV licence tax.

e PEV-specific parking spots.

e PEV rebates.

e \Vehicle insurance discounts.

214 Navigant Research (2017g), Market Data: Electric Vehicle Market Forecasts.
215 US Department of Energy (2017) Alternative Fuels Data Center. URL: https://www.afdc.energy.gov/.

125


https://www.afdc.energy.gov/

Policy Department for Structural and Cohesion Policies

EVSE grants, financing, and rebate
programmes.

Free charging locations.

Vehicle-to-grid energy credits.

Charging infrastructure incentives (public
and private).

No federal incentives are offered
directly for charging equipment.

Federally designated EV charging
motorway corridors.

Federal Loan Guarantee programmes
to support the commercial use of
advanced technologies.

State tax credits on EVSE installation.

Complementary policies.

ZEV programme: A group of 10 states
(California, Connecticut, Maine,
Maryland, Massachusetts, New Jersey,
New York, Oregon, Rhode Island, and
Vermont) mandate that a percentage
of the overall vehicles sold in that
state must be zero emissions or low
emissions.
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This study analyses the various challenges of the deployment of charging
infrastructure within the EU. This includes existing technologies and
standardisation issues, metering systems and pricing schemes, business and
financing models, the impact of the charging infrastructure on the
dissemination of Plug-in Electric Vehicles (PEVs), and the appropriateness of
current technologies, business models, and public policies.
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