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EXECUTIVE SUMMARY

FABRIC is working on implementing new and innovative concepts on Dynamically charging Electric Road
Systems (DERS) aiming at supporting EU’s target of reducing Greenhouse gases and other emissions
affecting the society as a whole and the citizen in particular. Consequently, besides the technical
realisation, FABRIC will address economic, environmental and societal aspects relevant to the transition
from traditional, hybrid and electric vehicles to dynamically charged vehicles. These aspects will
influence a successful uptake of the FABRIC solution or of any other ERS solution, and thus need to be
considered at an early stage of the project. Previous work packages have focussed on establishing
technical requirements, outlining the ICT infrastructure needed for the introduction of the FABRIC
solution, establishing different user scenarios as well as on the technical development.

The main objective of this deliverable is to analyse the societal perspectives towards on-road charging
and set of current data to provide a multi- dimensional framework, which will allow assessment from
social, economic and environmental perspectives of solutions and combination of solutions addressed
by SP2, 3 and 4.

However, as a successful uptake also depends on the conditions potential investors find in a market, the
authors also look into the political and legislative aspects in various contexts. Based upon an analysis of
the various studies, documents and project internal knowledge, the deliverable summarises the current
state of the art, before it derives the key barriers and drivers for each of the aspects, technical,
economic, societal, political, environmental and legislative at a general basis.

Given the early stage of this deliverable in the project, and the deeper analysis in SP5 that follows in
later years, the main purpose is to provide sensible pathways and to provide a critical perspective to the
potential technology push of ERS.

Based upon the previous work in FABRIC and a literature review, key barriers and drivers for uptake of
DERS from a political, economic, social, technological, environmental and legal perspective have been
identified and a corresponding assessment framework has been established. The objective is to provide
a tool which supports a systematic assessment of the feasibility of dynamic on road charging. How each
factor influence the feasibility is dependent on the boundaries and the conditions in a specific
environment. Thus, in this first analysis, 10 different scenarios, comprising of different transport means
(bus, taxi, cars, long and short-haul freight transports), as well as urban and highway scenarios, have
been derived. For each of these scenarios, the authors have used the defined criteria from the FABRIC
PESTEL assessment framework for a feasibility study. There are large uncertainties related to the factors
itself, thus also the feasibility studies for each scenario contains large uncertainties. The main findings of
this analysis showed that it seems likely to be feasible to apply dynamic on-road charging in four
different scenarios, however comprising high risks:

e Metropolitan deployment of busses

e International freight corridors

e Long-haul national freight corridors

e Short-haul freight corridors

Page 10
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Consequently, from the 10 initial analysed scenarios, only one scenario involving passenger transport
seems likely. That is the scenario for busses. For this scenario, there are already existing mature
solutions for using other types of electrical charging. Main risks for this scenario is related to the
incentives. The other three feasible scenarios are all related to freight transport. Two main reasons for
the feasibility are the high likelihood of a positive return on investment for most stakeholders
(depending to some extent on the incentives) and the environmental impact, since the new vehicles
would replace diesel trucks. The vehicle used for comparison is however also, beside the large
uncertainty in the potential users, one of the main reasons for a low feasibility of the light vehicles. For
those, there are already existing EV solutions working so that there is low environmental improvement,
and also the cost of the infrastructure cannot be covered by the fees that a user would be willing to pay.

For all scenarios, however, it can be stated that since ERS is still under development, that the lack of
legislation as well as the lack of clear business models lead to a big variance in our prediction of
feasibility. Therefore, other deliverables will develop and extend our first results further at a later stage
in the project. The framework developed here will help both in terms of improving the conclusions as
soon as more precise information is available and for being applied on new, not yet existing scenarios.
However, the feasibility studies clearly show that scenarios for metropolitan busses and long haul
freight transports are most suitable for ERS.

Page 11
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1 INTRODUCTION

One of the current goals of EU is to reduce the emissions of greenhouse gases by at least 40% below the
1990 level by 2030 [44]. Being one of the larger contributors, the transportation system plays an
important role in achieving this goal. Consequently, large cutbacks in emissions of CO, and greenhouse
gases are required. Optimisation of transport cannot contribute sufficiently, hence, new and innovative
transport system like electric road systems (ERS), need to be put in place. ERSs may solve one of the big
drawbacks of current Electric Vehicles (EV), namely range anxiety, once large scale implementation has
been successful. However, before this can be achieved, several deployment challenges of the electrical
road infrastructure need to be overcome as the uptake and implementation of DERS will have severe
impact on current transport systems as well as on the society.

With large-scale systems like road transportation, it is per definition impossible to change overnight.
Therefore the transition will be gradual, with many societal perceptions and culture playing a role [1]. In
the current transportation system, the infrastructure is agnostic to the vehicles driving on it. By
electrifying the roads to accommodate EV, the infrastructure is coupled to the type of vehicle that can
be driven on it as well as to the electrical grid infrastructure required for supporting the Electrical Roads
system (ERS). Multitudes of factors affect the design, deployment and usability of ERS within the
transportation system. The factors affecting the ERS also depend of the type of charging solution being
implemented. There are two main types of charging solutions: static charging — such that an electric
vehicle can be charged when they are stationary — and dynamic charging, such that an electric vehicle
can be charged while being driven on the road (See section 2.2). The main focus of FABRIC is on the less
mature technology, the dynamic ERS including the V2X communication. Due to the fact that the
maturity is quite low, several uncertainties are related to user acceptance, health risks, political and
legislative guidelines as well as high investments risk. These issues are addressed as a part of the
deliverable, which is a feasibility study analysing how barriers and drivers may influence the realisation
of DERS in different scenarios.

The main objective of this deliverable is to analyse the societal perspectives towards on-road charging
and set of current data to provide a multi-dimensional framework which will allow assessment from
social, economic and environmental perspectives of solutions and combination of solutions addressed
by SP2, 3 and 4.

However, as a successful uptake is also dependant on the conditions potential investors find in a market,
the authors also look into the political and legislative aspects in various contexts. Based upon an analysis
of the various studies, documents and project internal knowledge, the deliverable summarises the
current state of the art, before it derives the key barriers and drivers for each of the aspects, technical,
economic, societal, political, environmental and legislative at a general basis.

Given the early stage of this deliverable in the project, and the following deeper analysis in SP5 in later
years, the main purpose is to provide sensible pathways and to provide a critical perspective to the
potential technology push of DERS.
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1.1 Contribution to FABRIC objectives

The FABRIC project addresses directly the technological feasibility, economic viability and socio-
environmental aspects of dynamic on-road charging of electric vehicles. Previous work packages have
focussed on establishing technical requirements, outlining the ICT infrastructure needed for the
introduction of the FABRIC solution as well as on developing different user scenarios. The technical
realisation is a pre-requisite for a successful prototypical implementation as well as a contribution to
advances in state of the art from a research and development perspective.

However, even though the technical feasibility can be demonstrated within the lifetime and the scope of
the project, this will not ensure long-term sustainability of project results with high deployment, since
other factors like economical, societal acceptance and legislative rules play an important role for
successful uptake of the prototypical solution. This deliverable develops a framework allowing
systematic assessment of possible scenarios considering different perspectives. The framework
identifies drivers and barriers within these perspectives. The relevance of the various barriers and
drivers will vary for each specific scenario, but the framework will allow investigation of system level
impacts of dynamic on-road charging as envisioned by FABRIC for different scenarios. The goal is to
identify the overall feasibility of DERS for large-scale deployment in the transport system of Europe.
That overall feasibility takes into account the technical and conceptual progress made during the project
by the Sub Projects 2, 3 and 4 so far. The current document should therefore be read as an agenda-
setting and nowhere near a final assessment of the concept of ERS for transportation in Europe. It does,
however, provide insights into the likelihood of success of the concept, and specific challenges and
strengths. The FABRIC project is not the only project looking into the potential of DERS. There are
several other research activities and initiatives analysing different aspects of ERS. These have been
analysed and used as relevant input to this deliverable (See Annex 1).

This systematic approach on the feasibility of ERS in various contexts early in the project will make all
involved stakeholders aware of barriers, drivers and risks at an early stage and the application of the
framework may help in reducing the risks related to ERS deployment.

1.2 Process and Methodology

This section outlines the process the authors have followed in developing the deliverable as well as
describing the methodology the authors have used.

1.2.1 Process

This deliverable describes an initial feasibility study conducted at an early stage of the FABRIC project
and is the first of several deliverables in SP5 dealing with different socio-economic aspects related to
ERS. ERS still requires research and development activities before it is mature enough for market
introduction. This implies that there are several uncertainties related to the technical solution and the
feasibility of deployment. This deliverable is analysing the feasibility from technological, economic,
societal, political, environmental as well as legal perspective in order to establish a systematic
framework. The research approach was mixed-both using literature review and action based research
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methods. The main body of the document consists of a so-called PESTEL analysis. This method
systematically explores the areas of Political, Economic, Social, Technological, Environmental and Legal
aspects to identify the key issues that can advance or stagnate the deployment and commercialisation
of a technology.

The starting points of this feasibility study are the technical SPs deliverables on ICT infrastructure,
technical requirements and user scenarios. These form the basis since they outline the FABRIC solution.
These contains some valuable information regarding the use of economic instruments to stimulate
growth of EVs, however not so much information related to economic impacts of introduction of DERS
on the society as a whole [45, 60], thus in order to carry out a holistic feasibility study, it is necessary to
look more into economical, societal and political aspects on societal scale. As stated in the introduction,
in the field of EV using static charging, or wired charging technological mature solutions exist and are in
operation, even though the deployment in different markets varies very much, but there have been
several previous studies carried out on ERS. The authors therefore carried out a literature review. Due to
the nature of our perspective, the literature review was not only limited to scientific publications, but
also comprising project information, legal and political information as well as economic analysis. Most of
these are only looking at static charging solutions and not at DERS and therefore need careful
examination. Based upon the findings of the literature review, drivers and barriers as well as main risks
for each of the six perspectives where identified. However, the transport system is complex, the barriers
and drivers are interconnected, and the relevance of each factor depends on deployment context. Thus,
based on the user scenarios developed in D4.3.1, 10 different scenarios where developed for which the
authors carried out a scenario analysis for each of the PESTEL perspectives. Finally, taking the large
uncertainties into account the authors reached a first feasibility conclusion on large scale DERS
deployment.

1.2.2 PESTEL analysis
The factors affecting large scale deployment of ERS can be analysed on different dimensions. In this
document, the authors work with 3 axes, as depicted in Figure 1.
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Highways 7
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Political Factors
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Y

Figure 1: Feasibility analysis framework

The X axis represents the PESTEL dimension, which consists of Political, Economic, Social, Technological,
Environmental and Legal factors affecting the feasibility of on road charging. The Y and Z dimensions
represent the scale and the type of vehicles impacting the feasibility. The authors also collect data in this
3 dimensional structure and conduct PESTEL analysis for each type of vehicle on each type of
deployment.

Political factors

Design and deployment of ERS involves a large number of stakeholders, also including a set of
stakeholders who are not involved in the current transport systems like actors from the energy sectors.
These actors will all be affected in different ways and seek to influence any political decision making
process. Policies makers will therefore meet different, sometimes competing interests.

The influences of all stakeholders along with the current political climate also affect the ERS. The
literature on such socio-technical transitions describes dynamics of large-scale (and often long-term)
structural changes as a process of the co-evolution of technological designs alongside organizational and
institutional designs. The term ‘“regime” is used to describe the existing set of technologies,
organizations, and institutions (i.e., the formal and informal rules of the game) that dominate socio-
technical systems [2]. The analysis of such groups of stakeholders in terms of solutions proposed for Y
and Z dimension (in Figure 1) is an important aspect of feasibility at the societal scale.

Economic factors
Economic factors include economic growth, interest rates, exchange rates and the inflation rate. These

factors have major impact on how businesses operate and make decisions. New economic incentives for
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the EV owners, manufacturers and operators could have a major impact on acceptance and growth of
the ERS.

Social factors

The safety concerns of ERS on society over long term are an important factor. Other social factors such
as demography of the population and their receptiveness towards a new technology should inform the
design process of ERS over longer term such that most needs of the different social groups are met by
ERS. This also helps in widespread adaptation of ERS.

Technological factors

The technological aspects such as R&D activities, automation, technology incentives and the rate of
technological change can determine barriers to entry, minimum efficient production level and influence
outsourcing decisions. Furthermore, technological shifts can affect costs, quality, and lead to innovation.
In this feasibility study the authors assume that all technological barriers can be overcome (at any cost),
since this lays the premises for introducing ERS in the first place.

Environmental factors

Ecological and environmental aspects such as weather, landscape, and climate change, which may
especially affect industries such as tourism, farming, and insurance. Furthermore, growing awareness of
the potential impacts of climate change is affecting how companies operate and the products they offer,
both creating new markets and diminishing or destroying existing ones. The ecological advantages of
dynamic charging in terms of pollutants, emissions compared to conventional vehicles might be
advantageous to introduction of ERS.

Legal factors
Legal factors include discrimination law, consumer law, antitrust law, employment law, and health and

safety law. These factors can affect how a company operates, its costs, and the demand for its products.
Regulatory factors include acts of parliament and associated regulations, international and national
standards, local government by-laws, and mechanisms to monitor and ensure compliance with these.

1.3 Deliverable structure

This deliverable comprises nine chapters. Chapter 1 introduces the topic and puts the document in the
FABRIC context. Chapters 2 to 7 comprise a detailed description of the key drivers, barriers and risks for
each of the six perspectives in the PESTEL analysis, leading to the definition of our PESTEL framework.
Since the different factors are dependent on deployment context, Chapter 8 defines different scenarios
for which the authors apply the PESTEL framework and conduct the feasibility study. Chapter 9 discusses
the main opportunities and threats before concluding the study and outline future work.

The document is accompanied by D5.2.2 that contains a set of data regarding the societal aspects of
ERS. D5.2.2. can be perceived as the appendix to D5.2.1. For the sake of readability, the authors choose
to include a lot of the data of D5.2.2 also in D5.2.1
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2 TECHNOLOGICAL FACTORS

This chapter summarises the main findings in various other FABRIC deliverables, specifically
D221 and D231 have been heavily re-used and summarised The objective is to shortly outline
the different technologies, the main drivers and barriers for implementation. The technological
feasibility lays the foundation for the introduction of dynamic on road charging. Thus, in the
analysis the authors do assume that all technical barriers may be overcome within a certain
period.

2.1 Relative position against competing technologies

This section gives a brief overview of different charging technologies and solutions.

2.1.1 Conductive charging

Conductive static charging is widely implemented as a technique for providing power to the
electric vehicle battery. The battery is charged through a conducting cable. The use of this
physical device ensures a higher transmission performance than using electro-magnetic power
transmission. However, the drawback is that the user has to connect manually and plug-in the
cable from the vehicle to the charging station and the power grid. Several conductive charging
systems are available, depending on the power transmission (AC/DC), the power level (from
slow to fast and super-fast charging) and the connectors. In addition, there is no standard for
this cable; consequently, it varies for each vehicle and for each country. A standardised cable
might boost conductive charging for EV, since it would reduce the costs, increase the usability
and ensure a higher utilisation of infrastructure. The average capacity of a battery of EV gives
an approximate driving range of 250 km in an urban scenario. This depends also on factors like
weather conditions, power usage etc. There are currently four static charging modes available
for charging electric vehicles. The conductive charging system itself for EV is defined in the
IEC/DIN EN 61851 standard [17]. Plugs, socket outlets as well as vehicle inlets and vehicle
connectors are likewise normatively stipulated in the IEC/DIN EN 62196 standard for the
charging of electric vehicles [17]. Due to the lack of an IEC standard for the cable, cable
manufacturers need to design a standard that is set in a national operator regulation.
Conductive charging for dynamic charging scenarios can be implemented either through
overhead wires or through profiles in the pavement. Overhead wires are highly mature
technology since there are a large number of cities with trolley busses; however the typical
pick-up to connect to the wires is rather clumsy and fails regularly. It is therefore widely
considered as in need for technological upgrades. Siemens currently offers a new system with
a pantograph pick-up that is marketed towards the electric truck market. Conductive
technologies in the pavement have been tested in many places in lab/pilot area setups, like
Volvo operating a lane for testing the concept for their truck in Hallered for a project with
Trafikvarket and Vattenfall [62], but they are also involved in similar project with Alstom [63].
Also the British government invest in similar projects [62]. However, the Swedish company
Elways together with road construction company NCC [62, 58, 59] and especially the Koreans
[58, 59] seems to be further in commercial development. Both the modern overhead wire and
in-pavement system include automatic placement and management of the pickup device to be
able to connect while driving.
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2.1.2 Inductive charging

Inductive charging technology enables the battery to be wirelessly charged with no need to
plug-in the vehicle. Wireless power transmission is nothing new, but due to low efficiency, its
use was for a very long time limited to power transmission for robotic vehicles and cranes, etc.
The wireless system relies on the well-known principle of electromagnetic induction [19, 20]. A
magnetic field generated by an alternating current in a primary coil induces a current in a
nearby secondary coil. Efficiency improvements have recently been made for short air gaps
and low power transfer. The design for the coil shape is optimized to minimise energy losses
and to guarantee high power transfer performance even if the coils are misaligned. However,
the magnetic field has to be controlled so that it stays within a safe limit [20, 21]. Improved
efficiency might lead to a breakthrough for this technology as charging method.

2.1.3 Comparison of static and dynamic charging systems

The inductive power transfer technology has merits for static charging (when the vehicle is
parked), stationary charging (when the vehicle is stopped for a short period of time, for
example, at a bus stop), and dynamic charging (when the vehicle is moving along a dedicated
lane equipped with an IPT system). In the case of static chargers, the product has a high
maturity level and initiatives for standardisation are launched. There are several examples of
stationary charging systems in operation for commercial buses like an example of Bombardier
Primove bus project (inductive fast charging system) or the EDDA bus project also on fast
charging.[56, 57]

Dynamic charging is a concept, however, still in its infancy. Besides the challenges related to
the technology itself, there are from a technical point of view also challenges related to
efficiency. Also safety issues and high infrastructure costs hinder implementation. However, if
these challenges are overcome, overnight charging would be partly or completely eliminated
through continuously charging on the road. A compact network of dynamic chargers installed
on the roads would also reduce the range anxiety and increase the reliability of EVs.
Furthermore, dynamic charging would open up for a reduction of the size of the battery pack,
reducing the related high costs, since the batteries would only need to supply power when the
IPT system is not available.

The differences of the charging systems are described below.

2.1.3.1 Static charging
In this mode vehicles are predominantly charged while parked. This mode is analogous in its
principle to conventional plug-in charging, which also can be seen as static mode. The vehicle is
parked in a dedicated space where charging commences either automatically with a driver
confirmation from within the vehicle or, manually by driver starting the charging process
through some sort of off-board user interface. In any case, no handling of a connector is
required. Typically, no driver or passenger would be present on board during charging (other
than to confirm the charging process). This is the most typical way of charging with thousands
of installations in operation. The charging duration typically lasts for several hours, however
recent advances reduced the charging time to 30 minutes.[65, 66]
Typical application scenarios:

e Car parking in a garage or car park.
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e Bus parking at a bus terminus or station.
e Freight vehicles while loading or unloading.

2.1.3.2 Stationary charging
Stationary charging refers to charging vehicles while they are stationary for a short period of
time but en-route to another location. In theory, this would also be possible with some cases
by conventional plug-in charging. In reality, however, this might neither be practical nor safe
and thus considered to be a mode unique to on-road charging solutions (either inductive or
conductive). The vehicle stops at a location being suitably equipped, but not a dedicated
stopping / parking spot. Typically, this would be on a road, and power transfer would only be
activated when the vehicle is stationary. Charging commences automatically with the driver
confirmation from within the vehicle. Mostly, the driver and passengers would be present on
board the vehicle during charging.
The charging lasts between seconds to minutes. High power is transferred from the
infrastructure to the EV. There are several stationary charging systems in operation [56, 57],
focused mainly on partially recharging buses during their short stops at the bus stops.
PRIMOVE by Bombardier in Braunschweig and Berlin bus (inductive fast charging system) [58,
68] are examples of the same. Main advantages are that the size of the batteries is smaller and
the charging is faster.
Typical application scenarios:

e Taxis queuing in a taxi rank.

e Bus stopping at bus stops.

e Vehicles stopping at junctions, traffic lights, tolls, rail level crossings, etc.

2.1.3.3 Dynamic charging

This mode refers to power transfer between the charging infrastructure and the vehicle while
the vehicle is moving. The electric power flow is variable depending on the conditions,
including also possible phases with power flowing from the on-board energy storage and the
grid to the on-board traction system.

The vehicle might travel at a variable speed while power transfer level would be real-time
responsive to vehicle power demand or the condition of the electric grid/distribution system,
within the constraints of the system capability or other fixed parameters. Charging commences
automatically with driver-confirmation from within the vehicle as soon as the vehicle enters a
charging zone on the road. The driver is on-board during charging.

Vehicle speed variation might result in increased power demand, which again causes increased
power transfer level, subject to power supply availability and other affecting parameters such
as price, charging solution capability, demand from other nearby vehicles, etc.

Currently there are only a few solutions commercially available for stationary charging, namely
a conductive overhead solution by Siemens known as eHighway [68]. There is also a Korean
example of dynamic wireless charging. Dongwon OLEV and KAIST have recently
commercialised a dynamic online wireless charging EV bus — in the Korean city Sejong, where
24 km of lane offer dynamic charging [58, 59]
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The advantages may be identified in battery size reduction and increment of the EV range and
comfort.
Typical application scenarios might be the following ones:

e Highways (multiple lanes).

e Urban roads with dedicated charging lanes.

2.2 Barriers

This section describes the main barriers from a technological perspective and is mainly based
on D2.3.1 [1] and D3.3.2 [60]

2.2.1 Integration of on-road electrical power transfer solutions with existing road
infrastructure.
Currently five different on-road power transfer solution installations are investigated:
1. Wireless systems buried in the road.
Wireless systems flush with the road.
Wireless systems on the road.
Conductive systems flush with the road.

vk W

Overhead line systems.
The physical requirements are first considered. These included size, weight, components
(materials), strength, and robustness (heat resistance, fire resistance). The size has
implications on structure of the road (for buried systems), while for conductive systems
clearance needs to be considered. The road is a harsh environment, so road maintenance costs
are a substantial factor. Thus, any equipment installed in or on the road must not influence the
longevity of the road or increase maintenance requirements. For integration of the power
transfer system to current road infrastructure the following has to be taken into account:

e The system must not affect the non-electric vehicles or the non-charging vehicles

travelling on the road (especially their electronic components).
e The system must not affect the driving abilities of the drivers for any type of vehicles.
e The system must not affect the health of the passengers of the vehicles for any type of
vehicles.

e The system must not affect the health of the pedestrians nearby.
Regarding the performance of charging systems, these must not adversely affect the traffic
condition. Hence, systems need to work at prevailing traffic speeds, and should not change
traffic behaviour to induce congestion. Safety concerns dictate that systems need to be
remotely controllable. Further, the installation should not affect the skid resistance of roads.
Installation and maintenance are key requirements for road operators. Several EU countries
have a wide range of regulation covering the installation and maintenance of roads and road-
side infrastructure. These are designed to ensure sufficient quality and safety standards of the
road and include structural integrity, surface regularity, safety (from a road texture
perspective), ride quality, drainage, time frames for installation and maintenance practice. The
installation of novel in-road, over-road and roadside equipment will need to meet all these
requirements, and where necessary new practices need to be generated.
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2.2.1.1 Infrastructure design, planning and construction

Local transport authorities and the guidance from the central government are required to
design and plan DERS. The local authorities, at present are ill-prepared for incorporating on-
road charging in local transport networks. The solution providers also need to be in
compliance of the physical design constraints, especially if the proposed solution is in urban
areas. The road operator and local authorities must define the constraints and the solution
providers must develop their systems to operate within specified limits [60]. The solutions for
DERS should be in compliance with infrastructure planning and construction tools [60].
Currently, the main tools of road planning do not incorporate on-road charging. The
knowledge of design, planning and construction of DERS is not as evolved as the knowledge of
road construction. There are processes to be developed and possibly new institutions/bodies
to be formed to oversee these new processes. There is also lack of estimation of cost of
infrastructure for the new system [61]. The lack of tools and the lack of incorporation of on-
road charging option into the plans of the local authorities could be a significant barrier to the
development of DERS.

2.2.1.2 Infrastructure location

The number of users of DERS is related to the location of installation of DERS. In order to get
the maximum usage of DERS, it should be located in areas of constant use, and in areas which
can accommodate significant length of electrification of roads. It is a circular dependency. The
most beneficial scenarios for installation have been discussed in chapter 8. It is also important
to consider locations which are not inconvenient for vehicles, or for installations. These
requirements have not been considered yet [61] but should be considered as part of urban
deployment plan. This could be a significant barrier to expansion and adaption of DERS.

2.2.1.3 Operations

The solutions should consider the impacts of the new infrastructure on other vehicles on the
road. The effect of the new system on driving ability is completely unknown [61] and needs
much investigation. Major work is needed to control exposure to EMF without reducing the
rate of power transfer. The effects of installations on traffic flows should be considered. The
installations could also affect the existing traffic management infrastructure, such as sensors.
Further investigation and planning is needed, along with stakeholders such as local
governments and transport authorities to ensure good planning and development of DERS.
The present lack of such preparations could be significant barrier to development of DERS.

2.2.2 Vehicle requirements

IEC and SAE are developing standards specifically designed to address dynamic or wireless
power transfer methods, such as IEC 61980 and SAE J2954.

The efficiency is strongly affected by the power transfer frequency and thus the frequency has
to be high enough to efficiently provide power, but not interfere with other systems. It also
needs to be safe for humans. This leads to a trade-off between efficiency and safety. For safety
reasons the frequency range of the power transfer systems should be between 10-150 kHz
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The typical voltage range for a car is, dependent on the battery pack, normally 150-400 V, for
HDV it can be higher. The size of the secondary coils is defined in IEC 61980, according to the
standards the dimensions of the secondary.

The battery packs should be sized to ensure that the range is sufficient to minimise the range
anxiety but the total battery weight should not affects the size and the performance of the
vehicle. The current state of art indicates that the average range of an electric vehicle is
between 150-200 km.

Interoperability issues of providing power for both cars and HDV, high power secondary coils
are that too large and heavy to be integrated into car or LGV could be barriers for
development of DERS.

223 ICT
ICT products and services that could be used or be relevant for the design and
implementations of the FABRIC system’s scenarios of use are analysed [1]

2.2.3.1 Booking and Billing

Existing booking and billing approaches are designed to meet the requirements of static
charging, i.e. long charging periods and no time constraint EV identification and authorization
which can last several seconds. Dynamic charging has, due to the charging on the fly and while
moving, other requirements and thus there are some gaps:

e Speed of identification and authorization for dynamic charging needs to be faster.
Depending on EV speed while charging the identification/authorization be within a
range of (3-5 ms) milliseconds per charging pad. The whole contact duration of the
EV with the charging pad for 120km/h is less than 30ms.

e The need of booking solutions for stationary and dynamic charging should be
investigated. In case booking is required, a mechanism that can take into account
delays in reaching the charging infrastructure is required, since the EV is moving
prior to the charging booking. Since the charging duration is very short, the delay
may easily exceed the actual charging duration so current booking methods may
be irrelevant.

e The use of different systems for the identification of the EV for the dynamic charging
should be possible. Billing process is likely to be different for two reasons: First,
the EV is on the move and there is no physical contact of the user with the EVSE
(to use a credit card for example). Second, the billing process needs to take into
account the difference between the transmitted energy and the energy that is
actually received by the EV. For static plug-in charging the losses are negligent, for
dynamic wireless charging the losses can be more than 20%.

2.2.3.2 Challenges related to measuring and billing of wireless power transfer

For plugged-in solutions, the energy sent to the EV is easily measured and there are no loses.
This does not hold for dynamic charging having significant losses. It needs to be decided if
billing is for the transmitted or received energy or based upon average energy consumption.
One could also let the market decide. This would imply that different energy retailers would
enter in competition and bill the drivers differently depending on the energy price and their
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marketing strategy. Billing the user may also depend on driving style inside the charging lane.
In this case, drivers exceeding the maximum driving speed inside the charging line could be
billed more, since the energy loss also increases. Measuring the energy is also a topic of
research within FABRIC project. The energy can be measured at the charging infrastructure
and at the EV. The measuring method will also affect the billing.

2.2.3.3 User data privacy and system security

Systems such as FABRIC will mainly face the same threats as all other ITS systems. The user
identity, the EV location and sensitive data such as billing and personal information have to be
stored, handled and transmitted securely throughout the system. In addition, system
availability and data reliability is required in order to prevent attacks aimed at the
infrastructure, which could also compromise the grid security. Attacks that are specific to the
FABRIC system could be identity-theft in order to avoid payment or charging someone else,
OBU hacking to provide false information, malicious attacks aiming at reducing the system
efficiency. Thus, all security risks need to be solved prior to large-scale implementation.

ICT has a huge role in operations and delivery, as well as economic aspects of DERS. Slow
communications could also affect the traffic flow on the charging lane adversely. It has been
identified that there is a gap in the ICT, although it is not severe [60].

2.2.4 Distance to market

Regarding the distance to market, the authors have assessed the Technology Readiness Level
(TRL) and Market Readiness Level (MRL) available connected and wireless technologies.

Static wireless charging is a technologically mature solution and is comprehensively tested. The
products are ready for the market. Major vehicle manufacturers and OEMs are expected to
provide wireless charging stations and EVs within one or two years.

Stationary wireless charging is also technologically mature solution, extensively tested for
buses. The EVs and infrastructure products are already on the market.

The maturity of dynamic charging technology is low and still in R&D phase, except for one
solution [45]. There are tests carried out in lab environment and some tests on regular roads.
However, commercialization is expected to take more time due to the significant investments
required to transform normal roads to electric roads [62], due to the higher investments
needed for the road construction as well as for the maintenance and also higher complexity of
this task increases [69]

2.2.5 Interoperability

2.2.5.1 Communication

It is essential that the vehicle to grid communication channel is standardised so that
interoperability can be ensured. Furthermore, also the back office and billing interfaces require
interoperability, so that the users can be correctly identified and billed for their usage of the
charging equipment and to ensure that charging operations comply with grid constraints.
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2.2.5.2 Safety

Safety issues related with the electromagnetic field are mainly related to coil geometries and
shielding. First, it is required that the electromagnetic field does not affect any persons neither
inside nor outside the vehicle. An example: if primary coils are too large, the field may extend
beyond the vehicle (lateral or longitudinal). In this case, it is preferable that the secondary coil
(on the vehicle) is larger than the primary coil so that the primary coil is always covered by the
vehicle.

2.2.5.3 Charging efficiency

There is no information on charging efficiencies available. This is at one hand due to the
complex task to estimate the efficiency of one system operating with another; on the other
hand, the available data are insufficient for the establishment of any qualitative or quantitative
metrics of efficiency for any given combination.

The interoperability of systems will influence the efficiency of the systems since they might not
work at their optimum. Several parameters influence the efficiency:

e Communication: will have a severe negative impact if it is not working properly, i.e.
might be no power transfer at all.

e Coil geometry: The highest efficiency is only achieved when primary and secondary
coils have identical geometry. This parameter has a high relevance for efficiency, but
less critical for interoperability, i.e. the system could still transfer power.

e Lateral misalignment tolerance: In general, lateral misalignment reduces efficiency.

The tolerance is directly related to the coil geometry. As a rule of thumb, a
misalignment of 30% of the coil width can be tolerated (assuming equal primary and
secondary coil width). If not identical, additional tolerance is gained, losing in default
maximum efficiency. This only holds for inductive circuits, which are inherently
tolerate some misalignment.

e Air gap: Frequency variation can compensate air gaps, since all systems work with
resonant topologies. Consequently, frequency variation will move the system out of
resonance and less power will be transferred. In this case, a reduction in transferrable
power does not always mean less efficiency; in fact it might also increase slightly.

e Vehicle velocity: Vehicle velocity is mainly limited by the speed of the implemented
control and the ramp-up capability of the system. If the vehicle moves faster than
specified, less power will be transferred. However, it does not necessarily mean that
power transfer efficiency is lower. The system is just not able to react fast enough in
order to supply nominal power.

e Operational frequency: Frequency is directly related to resonance. The inductive

circuit is optimized for a certain frequency, thus only small variations are possible
without losing performance. However, if the system moves away from resonance, the
primary circuit demands less power. For any resonant power transfer, standardisation
of the operating frequency is crucial. It is also important that the architecture of the
system is understood by both the primary and secondary ends. For example, if the
secondary operates in a constant current mode, power control will have to happen at
the primary side, while if the secondary operates in a constant voltage mode it can
perform its own power control.
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e Achievable secondary coil voltage: Assuming that voltage deviations are small, the

impact on overall system efficiency is small. Nevertheless, if voltages are not
compatible, this system will not transfer any power.

e Power rating: In general, system efficiency is optimised for nominal power conditions.
If power transfer must be reduced, part load conditions typically increase losses and
reduce efficiency. The reduction of cable losses due to reduced power can be
neglected here, as its contribution is much less than that of power electronic
elements.

2.2.6 Competing technology position

The table compares the advantages and disadvantages of ERS, wireless static charging and
normal EV system.

Table 1 gives an overview of how different technologies are deployed in wireless and dynamic
charging as well as for plug-in. As described previously, the wireless static and the plug-in are
already on the market, whereas dynamic charging is not so mature. Thus, the introduction of
wireless dynamic charging have to be so much better in different ways that potentials users
and operators are willing to invest. Looking at the different advantages and disadvantages is
can be concluded, that if just looking at batteries and range, the wireless dynamic is
preferable, since there is no range limitation, lighter batteries and lower costs. However, main
barriers for this technology seem to be that it is difficult to have a gradual growth (always a
challenge for immature technologies) and high investments. That the wireless charging is
immature is the source of several risks related to further technology development and
deployment. Furthermore, also the high need for standardisation is a main drawback, which
will make it harder for this solution to compete with the already existing once.
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Table 1: Competing technologies comparison

Wireless dynamic

Wireless static

Technology . . Plug-in EV
charging charging
Batt Smaller battery, lower | Bigger, heavy and Bigger, heavy and
atter
y costs expensive battery expensive battery
No limitation of
driving mileage within | Limited by the
. 8 . 8 . Y Limited by the range
Range regions equipped with | range from

power transfer
systems

charging station

from charging station

Cost reduction
electricity

Potentially with smart
scheduling

Potentially with
smart metering

Potentially with smart
metering

Long term usage

Technology buy-in

Technology buy-in

Robust solution

Low, massive High, provision of

Gradual growth

. investments required | parking spots, etc High
potential . .
per stretch. with coils
Capital intensiveness High Medium Low
Need for . .
L High Medium Low
standardisation
Multi-level governance | .
High Low Low
dependency
No, special chargin
Solution for all ) P . Eing
Yes Yes points required for

vehicles

heavy-duty vehicles

2.3 Drivers

This section looks at technology’s contributions that support an uptake of dynamic on-road
charging. In this deliverable, a technological factor is considered to be a driver for DERS, if
advances this technology leads to a higher probability for market take up, reducing the
distance to the market or contribute to a reduction of social, legal, environmental or economic
barrier. The main idea of this section is to point out specific technical opportunities that may
add value to a potential user, that he will be willing to either invest in this technology or to use
it as a consumer. Finally, the last part of this chapter describe the current gaps. These will have
to be overcome for a successful deployment.

2.3.1
The traffic distribution in a specific mobility network in a country needs to be investigated. As

Strengths of the technology

an example, in the US only 1% of the roadway coverage are interstate highways, i.e. small
infrastructure, but they count 22% of all travelled distance. In addition, a recent study shows
that with roadway electrification, the cost of an EV can be essentially the same as an ICE
vehicle [22]. Analysis of this scenario indicates that due to the high oil prices (6 times higher
than electricity), it will be possible to increase the price of the electricity for infrastructure
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users. This would help in financing the infrastructure costs (not covered in the model
presented in [22]). It would also eliminate the problem of EV range anxiety since the EV will be
charged while travelling through the road infrastructure. The efficiency can remain high if the
magnetic field is turned on only when a vehicle is passing.

Three-phase IPT systems have shown very good performance compared to conventional IPT
systems in roadways. Conventional single-phase IPT tracks will always have a magnetic field
cancellation null along the lateral direction. However, the null is removed when the three
phases are combined at high frequencies to generate a rotating magnetic field and provide a
smooth power distribution along the track cables.

If the track cable is laid the same direction as vehicle movement, it is not possible to scale the
track width without increasing the track current; hence conduction and standing losses are
high. Consequently, the design of the three-phase track layout has to be in the horizontal
direction, so that the horizontal tolerance can be extended indefinitely by increasing the cable
length. Hence, this decouples the design requirements of high track currents to provide the
lateral alignment.

23.2 ICT

2.3.2.1 Dynamic routing

According to [1Error! Reference source not found.] the state of the art navigation system of
electric vehicle fulfil the FABRIC needs in terms of trip planning and routing calculation, low
charge level warning, routing to charging infrastructure.

Current V2X Vehicular Communication Systems comprising vehicles and roadside units are
used for information exchange, providing safety warnings, collision avoidance, traffic status,
and congestion reduction etc. to stakeholders. Vehicular networks enhance applications like
congestion reduction and route navigation by enabling real time data processing. Added value
services based on V2X communication will be provided in two ways in FABRIC: Firstly, traffic
management can be applied to road segments prior to charging lanes in order to reduce traffic
congestion, real-time accident reporting as well as reports on traffic and charging lane
availability, which may allow efficient re-routing to other charging lanes or fixed charging
infrastructure. The second service area is related to real time dynamic charging management
by prioritizing the vehicles according to their needs and other criteria including real time
negotiation of charging lane usage between vehicles with different priority index. This
negotiation can be carried out either between vehicles or via a control centre (V2I
communication). In both cases, V2V communication is necessary to warn other vehicles about
the potential changes in the charging lane queue.

2.3.2.2 Vehicle identification, charging lane access control and management/enforcement

Variable Message Sign (VMS) can be adapted for providing guidance and control for on-road
charging systems, providing information on the next facility and its status, or to direct EV users
who want to charge to an alternative on-road facility in case a charging zone is not available.
Lane Control Signal (LCS) may be adopted and used to indicate the charging lane and possibly
reserve its use for EVs only (or certain classes of other vehicles only, e. g. public transport) in
the case of only one charging lane on a multi-lane road or motorway. LCS may also be used to
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set a specific speed limit for the charging lane, lower than the speed for the other lanes of the
road.

The relevance of such systems depends on the prevalence of on-road charging areas and their
use: VMS messages only being relevant to a very small proportion of road users risk ignorance,
since specific symbols or messages on VMS for EV charging hardly exist and are not
harmonised. However, this could be achieved through discussions in CEDR working groups. As
stated in [1] existing systems are fully capable of fulfilling FABRIC functions Locating
infrastructure (B2), Closest infrastructure routing (B10), Charging lane access control (C2) and
Emergency Control of Charging Lane (C3). Applications such as VMS and LCS are fully ready and
deployable. Only decisions on symbols to use and strategies for signing need to be made.

2.3.2.3 Driving assistance while charging

Adaptive cruise control (ACC), Intelligent Speed Adaptation (ISA) and Lane Departure Warning
(LDW) are safety applications that are potentially valuable for a dynamic on-road charging
system. ACC can be used to keep two dynamically charging electrical vehicles at distance
ensuring power transfer to properly function for each vehicle. Given the stricter requirements
for dynamic charging trajectories, major advances compared to state-of-the-art approaches
regarding adaptations and improvements are necessary.

A given WPT installation is expected to be less efficient (or have less time to provide the
necessary power) at higher speeds, so a maximum or recommended driving speed should be
set according to the road type and the configuration/performance of the charging
infrastructure. Interactive speed advice systems in EVs can detect the posted recommended or
maximum speed limits on the lane and advice the driver (or force the car) to keep within that
limit.

2.3.3 Installation of dynamic power transfer systems in different environments

High power fluctuation is a challenge for electrical grids. Available information has shown that
fluctuation is very high if the traffic is uncoordinated with a medium density flow. If
coordinated, the demand power has a smooth variation that can be supported by the grid.
Consequently, traffic coordination is an interesting option in order to reduce fluctuations at a
low cost. However, it might be technically difficult to implement in real world driving
environments.

In order to analyse the impact of power transfer infrastructure design on power fluctuations,
different models have been used. The conclusion is that it is better to avoid gaps between
power transfer pads.

Following the study on power fluctuations, the investigation into sizing for a storage system
has been carried out for several traffic scenarios and several levels of smoothing. The main
conclusion is that high-power and low-energy storage systems can reduce charging demand
fluctuations effectively. All considered traffic models give results in a range between 1-12 MW
of aggregated power.

Furthermore, also the integration of solar photo voltaic (PV) has been investigated showing
that daily profiles of solar generation and demand from on-road charging are very similar [43]
This opens an opportunity for reduction of storage support and self-consumption schemes.
Although solar generation reduces energy demand, the daily power peak in the evening cannot
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be reduced significantly. Storage sizing has been applied to the case of integrated solar PV
generation.

2.3.4 Vehicle as energy storage

The new functionality of the vehicle as a large energy storage unit presents both the owner
and the stakeholders of the energy market with significant advantages that conventional
mobility could not offer:

e The vehicle owners may use the vehicle battery as an energy source that can power
their house. They also may connect the EV to the smart grid and sell the energy to the
energy provider thus becoming consumers and producers. The monetary gain
potential may facilitate the adoption of electro-mobility by the general public.

e The vehicle becomes a means to transport energy to distant locations. In that way it
becomes a decentralized power source.

e The dual function of the electric vehicle, which can operate both as an electric load
and a power storage/generation unit shows significant potential as a means to lower
operational costs in the energy market. Via the smart grid infrastructure, energy
stored in EVs can be bought back when there is a demand peak, and the EVs can
recharge at a lower cost when there is a lot of supply.

e EVs may offer the solution for storing energy produced by renewable energy sources,
thus allowing their greater penetration and utilization. A direct result is the reduction
of the overall energy production cost and cleaner environment.

2.3.5 Electro-mobility

Even though electro-mobility penetration levels worldwide are not impressive, the trend is
upward and more car manufacturers introduce electric models to the market. Research during
the recent years focuses on reducing the recharging time for static charging (wired and
wireless) and in parallel explores the transition from static charging to stationary and dynamic
charging which allow smaller batteries and faster recharging, alleviating many of the current
EV charging issues. At the same time, investments in EV charging infrastructure continue to
grow. As described in section 2.1, dynamic charging aims at alleviating some of the issues
related to plug-in systems, thus easing the path towards large-scale adoption of electro-
mobility.

2.3.6 Gaps

The assessment of the existing ICT solutions for the distribution system operator and grid
management revealed some gaps related to demand side management and load balancing [1].
Load balancing is needed to test the compliance of the existing standard with the wireless
charging dynamic needs and to provide the required architecture to integrate the dynamic
charging infrastructure to the grid.

Lane Departure Warning (LDW) seems to be a relevant application in terms of keeping EVs in
the correct trajectory for the charging infrastructure, but the required trajectories will need to
be more restrictive than existing, thus special road markings allowing precise indication to the
driver of the required trajectory of charging EVs are required. Therefore, LDW system for an EV
need to meet the specific requirements of the new application.

Page 29



Copyright FABRIC
Contract N. 605405

D5.2.1 Public

The efficiency of the energy transfer between the charging pad and the vehicle pad will
depend highly on the position of the vehicle and its speed inside the charging lane.
Development of a specific assistance system for keeping the vehicle in a right trajectory within
the dynamic charging corridor (by warning the driver about the correct trajectory) has
emerged as a necessity, overcoming the state of the art [1]

3 ECONOMICAL FACTORS

In a feasibility study, the economic analysis is a crucial part. The purpose of economic analysis
is to support the determination of the investment decision. The economic assessment will vary
for different stakeholders [25]. As explained in the introduction, this deliverable is the first of a
series of deliverables analysing and investigating socio-economic aspects of ERS. From an
economic perspective, this deliverable lays the foundation for later more detailed
development of possible business models and thus starts with outlining scenarios that could
be feasible in the role-out of the dynamic charging technology. It is expected that dynamic
inductive charging, static, stationary and conventional fast charging will co-exist.

As described above, the access to data, also economic data for ERS in general is limited. The
economic analysis is therefore based on existing studies like [23, 24, 25], internal knowledge
and information within the FABRIC consortium as well as based on a thorough analysis of the
outcome of several previous projects. None of those projects fit exactly in the FABRIC frame,
since the project scope is new, but these projects have partly investigated elements being
relevant for FABRIC. The relations of projects that have been reviewed are listed in the
references chapter at the end of this document [10], [11], [12], [13], [14].

Economic model design

The assessment of economic factors is based on some pre-determined scenarios. A priority
ranking (in terms of time to market) will be established according to the impact of these
factors in the short, medium or long term.

3.1 Possible stakeholders’ business considerations & ICT
infrastructure

In order to investigate different business opportunities for different stakeholders and the
overall economic feasibility of ERS, technical and safety barriers as well as drivers like different
charging systems, interoperability issues, market size etc. have to be considered. Such barriers
will influence the business considerations. Secondly, the technical realisation will also
influence any possible business consideration on service development; thus, the technical ICT
architecture defines most of the main stakeholders. A successful deployment will only take
place if all stakeholders agree, i.e. they will likely need to see a benefit for their company. Our
analysis comprises the following stakeholders groups, which is in line with [15]:

1. Drivers (passenger car drivers, bus and truck drivers), who directly interact with the

systems (in-vehicle and infrastructure)
2. Vehicle owners (fleet owners, e.g. freight/logistics, buses, taxis, car hire companies)

Page 30



Copyright FABRIC
Contract N. 605405

D5.2.1 Public

3. Transport planners

Road operators (and other infrastructure operators where relevant, e.g. car parks, bus
stations, freight terminals)

Toll collectors

Distribution System Operators (DSO) (grid providers), including smart grid authorities
Energy suppliers/retailers

Billing service operators

L o N U

FABRIC operator (this may also be one of the other categories, e.g. the road operator
or grid provider, or it may be a separate entity)
10. Map service providers.

The analysis considers the cost structure for the different stakeholders (including the
payments to other participants in the ecosystem) and calculates the prices that each actor
needs to charge to obtain a profitable Business Model (BM). In this way, the price that the final
EV customer needs to pay is calculated. Also the total cost of ownership (TCO) according to its
dynamic charging forecast can be estimated. This is two of the key figures for being able to
decide upon the economic feasibility.

A comparison with the TCO of the owner of an internal combustion engine vehicle (ICEV)
making the same daily route, can be used as a benchmark.

In order to understand the different stakeholders’ economic involvement, it is necessary to
know the technical solution, which is illustrated in Figure 2 .

ICT architecture
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Figure 2: Fabric ICT architecture [15]

Deliverable D22.1 [15] defined the main FABRIC sub-systems, see Figure 11, their components
as well as the services intended to be provided by FABRIC. Furthermore, it shows the
interaction between the components. A description of each of the components and the
stakeholders can be found in [15] as well as in 11.1 in this deliverable. A key for successful
deployment of DERS requires that the involved stakeholder can identify a positive business
scenario. Thus, in a first step towards the business modelling and based upon the FABRIC
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architecture, services that might lay the foundation for a business case have been derived.
Figure 3 depicts the different business opportunities for each stakeholder
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Figure 3: Dynamic Charging Services Tentative Chart

In the economic assessment of a possible business case, not only the technical restrictions, but
also user acceptance, market size and requirements, mobility plans and needs, environmental
restrictions, legal restrictions and regulations have to be taken into account. Also the related
uncertainties and degree of incomplete information on which a decision will be made, will
have to be assessed. An unforeseen change in any of these factors will affect the return of
investment, the TCO and also the willingness of a customer to pay a certain amount. A
systematic assessment of all these factors is therefore a key for determining the feasibility.
However, since ERS is not deployed yet in a large scale, there are not enough available data,
and each decision needs to be made based on uncertain information. In order to take some
uncertainty into account, and thus be able to include a variation, the authors use scenario
analysis (see section 8), based on a set of key indicators that are defined in the next section.

3.2 Key Performance Indicators

In order to assess the economic feasibility for each individual stakeholder in different
scenarios, the authors use typical key performance indicators (KPIs) group.

KPIs can be used for a variety of reasons within an organisation or team. These reasons can be
both strategic and operational, aimed at aligning long-term performance with the
organisation’s vision or improving processes to meet targets.

The following list provides a small number of examples of how KPlIs can be applied:

. Development of a ‘benchmark’ for similar processes or services.
o Continuous improvement initiatives.

. Demonstrating and attributing business value from services.

. Evidential based improvement or changes to service delivery.

. Decision making for business and IT infrastructure planning.

) Development of Service Level Agreements (SLAs).
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The KPIs assess the quality and effectiveness of e-mobility services provided through the
system. For this first basic analysis, the authors have selected the categories:

1. Cost

2. Time

3. Quality of Service (QoS)
4 Service Performance.

These KPl categories comprise different aspects depending on the stakeholder (i.e. a
stakeholder ‘infrastructure operator’ will have different costs than the user of ERS etc.).
However, normally the authors would also have a category on margin/profit etc. In this early
stage of the analysis, the authors have not included it, because there are too many
uncertainties as long as the authors have not established any sort of business models. The four
categories of KPIs will be mapped to the FABRIC building blocks. The KPIs will facilitate the
assessment of the suitability of various Business Models for their use in the ICT framework.
Measurement of the KPIs is difficult due to the low market maturity. However, the possibility
of measurement will be examined further within the FABRIC Project.

An economic evaluation of technologies is often based on specific scenarios, but there are also
other approaches using simulations [71]. The total cost of ownership (TCO) is a typical criterion
for decision making regarding technology introduction [72]. TCO “is an analysis meant to
uncover all the lifetime costs that follow from owning certain kinds of assets. For this reason,
TCO is sometimes called life cycle cost analysis.” [73] and will give a complete overview.
However, as described previously, the deployment is not only related to technology-related
and market risks, but the data needed in order to caluclute the TCO are still very uncertain and
not accurate. Thus, methods allowing continuous instead of the usual discrete evaluation
results (for each scenario), would be preferable [71]. In addition to the TCO, there will be
several non-financial aspects like user acceptance, time to market, that will influence the
decision making process of each stakeholder (the other elements of the PESTEL studies). As
described in section 3.1, there is a need to identify business cases for each of the stakeholders
that will give a positive Rol within a specific time horizon (will vary for different stakeholders),
and thus for the FABRIC system a set of potential services and products have been identified.
How much a potential user will be interested in paying for a service or a product will not only
depend on the price, but also on the quality of the service he is buying. In many cases, this
should be very similar to the service performance of the offering company, but in the case of
DERS, there will be a significant difference in the two f.ex regarding power transmission- the
sent and received will not be the same, since the loss in the transmission process is very high.
This is likely to affect the business and pricing models considerably. Thus, based upon these
initial consideration, the authors have identified four KPIs that will be relevant in order to
calculate what a service can cost (i.e. the revenue side of the calculations will in this case not
only depend on financial indicators, but also on non-financial like the service level, since a user
might pay more for a better quality).

Table 2, defined the KPIs by each stakeholder to demonstrate the feasibility to reach the
targets in the Electric Road System Operation. These will be applied in each scenario in
Chapter 8.
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Table 2: KPI of groups in Dynamic Charging Services Tentative Chart

OPERATOR(CIO)

clearing (supply)

events

NELGOING SR COST TIME QUALITY OF SERVICE SERVICE PERFORMANCE
ISTAKEHOLDER

CHARGING . . . . 0 Daily occupation .
A TR CIO costslyear Elapsed time between CIO request and Successful logging of valid charging data as % of total percentage over Amount of time/ day

. with the system busy
maximum

ROAD OPERATOR (RO)

RO costs/year

Elapsed time between RO request and
clearing (supply)

% of correct transmission of info over total

N° of requests successfully fulfilled per day

DISTRIBUTION SYSTEM
OPERATOR (DSO)

Energy Costs /year

Elapsed time between ER request and DSO

% not granted charging service request

Number of charging requests per day

ENERGY RETAILERS (ER)

Energy costs/year

Respond time for charging service

% not granted charging service request

Total energy
supplied /day

No. of charging
requests/ day

CLEARING HOUSE(CH)

CH costs/year

Elapsed time with all the actors (demand and
supply)

% of clearing mistakes with all stakeholders over total

N° of clearing operations per day (demand
and supply sides)

MOBILITY PLATFORM (EV
backend) (FEMP)

FEMP costs/year

Average time it take to identify and
authenticate a user. Elapsed time between
FEMP request and clearing (demand and

% not sent
roaming
authorization.

% of unsuccessful charging
process events. N° of
services per day.

% of
technical
errors

N° transactions per

Ne° of log-ins per day day

ELECTRIC VEHICLE
CUSTOMER (EVC)

Cost of Ownership /year

Elapsed time between |Elapsed time between
the OBU request to EVC request and
FEMP respond clearing

Percentage of search results not fulfilled. N° of
request for consumption data completed as % of all

requests received

Total extra mileage
by dynamic charging

Total CO2 emissions
saved

ERS VEHICLE SERVICE
PROVIDER (EVSP)

EVSP costs/year

Elapsed time between EVSP request and
clearing

% of successful charging processes over total attempts

N° of transactions
per day linked to the
contracts

N° of new contracts
created per day
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4 SOCIAL FACTORS

The social factors that can affect the feasibility of the ERS in its formative stages have many
dimensions. While these dimensions and concerns are related directly with the ERS, from a
socio-technical point of view factors affecting the large-scale adaptation of ERS are complex in
nature. The mutual adaptation of the new system to the society is dependent on the flexibility
of the new system to the needs of various groups within society.

The authors split this social analysis in two major sub-categories of social factors: those of the
different social groups that are related to ERS in its daily operations and use after its
deployment, and those of the stakeholders directly involved in implementing an ERS system.

4.1 Social groups, multiple perspectives

The design of the new artefacts on a large scale involves different user groups. The user groups
can be based on similar interests or demographic aspects. Different function of the artefact
can present problems to different social groups. Hence, the design needs to have enough
flexible configurations that can be changed through a dialogue with the social groups.
Interested stakeholders, such as businesses hoping to take the new artefact to market and
public institutions, interested in the furthering the state of the system - as in the case of ERS,
to a more sustainable state - should facilitate the dialogue between the social groups and the
artefacts.

Social
group

Figure 4: The relationship between an artefact and the relevant social groups from [4]

Presence of a platform, which may be used to educate and communicate with different social
groups about the new system, may also be necessary to increase the acceptance of the
artefact. Furthermore, also interaction between the social groups and the artefact is also
necessary for societal transition and the design evolution of the artefact [5].
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This communication may also be used as indicator of some of the emergent properties
associated with complex systems. Since ERS design takes place within a complex system, it
could be an advantage to get information that is actionable. This could present new
opportunities to businesses, to capture and react to incoming information. In case of ERS, for
example, high demand from an electrical road, in case of congestion can lead to questions on
interoperability between different regions in terms of grid capacities. Though this can also lead
to incentives on new economic models for dynamic increase of capacity and could also lead to
co-operation.

4.2 User groups

The perceptions of users on different factors of ERS as identified in [27] and listed in chapter 3
are discussed in this section.

Overview of expected high level user needs

A system has a purpose when it fulfils the needs of a group of people, its users. Thus in order
to define the desired functionality of a system and the way that it will interact with the users
(use cases) one of the first steps is to enquire the user requirements and the gaps between
users’ needs and what existing systems offer.

The existing electromobility systems for private vehicles rely entirely on static charging. Static
plugin charging nowadays is a mature technology and the norm in EV charging. There is
already a large number of static electric plug-in chargers installed around the world' [7] and this

number is increasing continuously due to government initiatives that promote the transition to
electromobility [8, 9].

All Countries

We have information on charging locations in the following countries, if your country is not listed we need you to add the locations you know about.

United States: 10837 Netherlands: 6642 United Kingdom: 3406 Germany: 3129 Norway: 1474 Japan: 1305 France: 1015 Canada: 645 Belgium: 506 Portugal: 455 Ireland:
398 Sweden: 364 Italy: 288 Spain: 288 Hong Kong: 193 Denmark: 179 Poland: 169 Finland: 165 Estonia: 152 China: 124 Switzerland: 114 Austria: 88 Hungary: 61 Czech
Republic: 58 Australia: 53 Malta: 50 Luxembourg: 39 Monaco: 36 Slovakia: 29 Bulgaria: 18 Lithuania: 14 Croatia: 9 Brazil: 7 Greece: 7 New Zealand: 6 Iceland: 4 Turkey:
4 Isle Of Man: 4 Puerto Rico: 4 Latvia: 4 South Africa: 3 Slovenia: 3 Israel: 1 Suriname: 1 Barbados: 1 Chile: 1 Malaysia: 1 Albania: 1 Bermuda: 1 Serbia: 1 Niger: 1
Reunion: 1 Aruba: 1

51880 charging stations across 32360 locations.

1 10,837

Figure 5: Static charging stations around the world.

! http://openchargemap.org/site/country
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Plug-in systems have some inherent issues that hinder the wide adoption of EVs. A major
obstacle is the time needed to recharge the batteries. Typically, recharging lasts for several
hours when using low voltage and amperage power outlets, which limits the usage of EVs. The
typical scenario of use for these vehicles entails usage during the day and charging during the
night. Even though this scenario is feasible it causes a feeling of lim