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Executive Summary
ELECTRIFIC aims at seamlessly integrating e-mobility into the power grid while increasing EV
attractiveness in order to make it possible to go for individual mobility, without a huge carbon
footprint as long as the share of renewable energy in the battery is considerable.
To do this, first of all the ecosystem of ELECTRIFIC was analysed, understood (baseline
scenario) and extrapolated into a view consistent with the ELECTRIFIC objectives and its
software solution (vision scenario). The results of this are presented in D2.2: Chapter II (The
Electrific Ecosystem) analyses the ecosystem looking into the main issues that determine the
usage of the ELECTRIFIC software solution. This means first of all the stakeholders, their
business models and goals. Secondly, the ecosystem is analysed under a socio-economic
view-point, which comprises contracts among the stakeholders, how they price the services
that they trade amongst each other, and finally how the end-users of the ELECTRIFIC software
solution, the so-called ADAS (Advanced Driver’s Assistant System), can be incentivized to
follow the guidelines for optimized behaviour. The last broad issue which determines how
ELECTRIFIC will operate in future and which infrastructure it can call upon today is the
technical environment which is dealt with in Section II.3.
Obviously this analysis needed to be instantiated onto the trial sites where the ELECTRIFIC
approach will be tested – in Chapter III this is carried through for E-Wald (Germany), e-Sumava
(Czech Republic), and the bus and scooter trials in Barcelona.
Based on these findings, the requirements engineering process for ELECTRIFIC was
completed by eliciting use-cases as well as business and technical requirements in Chapter
IV. For a better understanding, the vision scenario that was the output of the analysis of the
ELECTRIFIC ecosystem in Chapter II, was extracted and summarized at the beginning of
Chapter IV.
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I. INTRODUCTION
A major objective of every project is to describe and understand the domain in which the project
is located. Therefore, within the ELECTRIFIC project the current situation in the ELECTRIFIC
ecosystem (i.e. the baseline scenarios) is first being analysed. This comprises the identification
and description of relevant stakeholders, their goals and business models as well as their
interactions. As major topics that affect the whole scenario, contracts, pricing models and enduser incentives are being analysed for constraints and possible enhancements or changes
enabled by ELECTRIFIC. Furthermore, the technical infrastructure is described including the
power grid, the charging stations, the interactive smart navigation system ADAS (Advanced
Driver Assistant System) and EV. In this context existing standards have been analysed and
described as they form a basis for the ELECTRIFIC software solution. Last, existing legal
constraints are being described.
Besides the description of the current situation for all before mentioned points, a vision
scenario is created illustrating the changes in the ELECTRIFIC ecosystem that are introduced
through ELECTRIFIC and those changes of the ELECTRIFIC system that will be considered
by the ELECTRIFIC solution. This is done both from a generic perspective as well as for the
different trial settings of the ELECTRIFIC project.
This vision scenario is then taken as a basis for defining high-level business and technical use
cases from which again high-level business and technical requirements are derived.

Figure 1. Use of D2.2 for other WPs

The results of this deliverable are the input for workpackages 3-9 (cf. the figure above). For
WP3 the high-level use cases and requirements are used as input for a more detailed
requirement analysis (I-1). Additionally to these, stakeholders, contracts between the energy
related stakeholders, technical conditions in the power grid and charging station system, as
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well as the legal framework in these two categories are used as input for WP4 (I-2). The same
inputs, but from a fleet, EV and battery perspective are used for WP5 (I-3). For WP6 high-level
use cases and requirements which relate to the psychological trials, as well as the
stakeholders, pricing, incentives, contracts and legal framework are of importance (I-4). Highlevel use cases and requirements, stakeholder, pricing, incentives, technical conditions and
the legal framework are used as a basis in WP7 (I-5). For the experimentation and trials (i.e.
WP8) the high-level use cases and requirements as well as the trial descriptions are of
relevance (I-6). Last, the stakeholder, pricing, incentives, contracts, technical conditions and
legal framework are used as a starting point for the utilization of ELECTRIFIC results (I-7).
Both the analysis and description of the ELECTRIFIC ecosystem as well as the definition of
use cases and requirements should be mapped with the objectives of the ELECTRIFIC project.
As described in D2.1 the four main objectives defined by ELECTRIFIC are: (1) to simplify the
use of EVs, (2) to improve interoperability, (3) to improve grid- and eco-friendliness of charging,
and (4) to align the behaviour of EV users to grid requirements. A more detailed description is
shown in the figure below.

Objective 1
• .To radically simplify the use of EVs by seamlessly integrating charging into the EV
usage cycle, thus making the convenience of EVs match or even surpass the
convenience of combustion-engine vehicles.

Objective 2
• .To improve the interoperability within the electromobility ecosystem by creating a
normalized EV data layer that homogenizes all kinds of external data sources and
is agnostic to car and batteries manufacturers and to ADAS developers.

Objective 3
• .To improve the grid friendliness of EV charging and to increase the intake of
renewable energy at charging stations through decentralized monitoring and
control of the charging process.

Objective 4
• .To better align the behaviour of EV users with the requirements of the grid by
incentivizing behaviours that maximize battery lifetime, range, and the intake of
renewables.
Figure 2. Objectives of ELECTRIFIC [D2.1]

In order to comply with the requirements to WP2 as the groundwork for the further technical
and socio-economic roadmap in the project, D2.2 is structured in the following way: Chapter II
presents the generic ELECTRIFIC baseline and vision scenario, dealing with stakeholders,
contracts, incentives and the technical framework. Chapter III extends the analysis to the trials,
and chapter IV presents use cases and requirements building on the novel vision scenario.
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II. THE ELECTRIFIC ECOSYSTEM
II.1. Stakeholders
The first step for describing and understanding the ELECTRIFIC ecosystem is to identify the
stakeholders, their interactions and business models. Many different stakeholders do exist,
directly and indirectly impacting ELECTRIFIC. The Figure below shows the 20 most important
stakeholders identified. They are divided into primary and secondary stakeholders. Primary
stakeholders are marked yellow and are perceived as the stakeholders that will be highly
impacted by the Electrific results when this is put into place. Later in the requirements
engineering process, these primary stakeholders are subjects of business use cases, and most
of them are also partners in relevant contracts.

EV Owners (EVO)

EV Fleet Users
(EFU)

EV Fleet Operators
(EFO)

Charging Service
Provider (CSP)

Charging Station
Owner (CStO)

Charging Station
Ground Owner
(CStGo)

Charging Station
Management
System Developer
(CSMSD)

Transmission
Service Operator
(TSO)

Distribution
Service Operator
(DSO)

Energy Supplier
(ES)

Energy Exchange
(EX)

Renewable Energy
Source Generators
(RESG)

Fossil Energy
Source Generators
(FESG)

National
Regulatory
Authority (NRA)

Battery Retailer/
Manufacturer (BR)

Battery Leaser
(BL)

EV Manufacturer
(EVM)

General Public
(GP)

Local Business
(LB)

ELECTRIFIC
Service Provider
(ELSP)

Figure 3. Overview of ELECTRIFIC Stakeholders

EV owners (EVO): EV owners are private persons that own an EV without adopting the
sharing mobility model. EV owners are responsible themselves for charging their car.
According to a study performed by the DLR [DLR15], the main reasons people decide to buy
an EV are a high interest in new technologies, a focus on lowering their ecological footprint,
lower energy costs per kilometer, and the driving pleasure of EVs.
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EV Fleet Users (EFU): EV fleet users (EFUs) drive EVs belonging to a commercial EV fleet.
Here, it can be differentiated between internal and external fleet users. Internal fleet users are
drivers belonging to the company owning the EV fleet. Examples are drivers of the Deutsche
Post which operates an EV fleet or bus drivers using electric buses belonging to the public
transportation system in Barcelona (see Barcelona trial). Also taxi drivers using an EV that
belongs to a taxi company or employees that can use cars of their company belong to this
category. In contrast to EV owners, internal fleet users often do not have a broad leeway in
their actions. Bus drivers for example have a predefined route and schedule from which they
are not allowed to diverge from. Taxi drivers on the contrary have no predefined schedule but
instead have ad-hoc calls for new trips. Therefore, a taxi driver tries to always have a full
battery in order to anticipate the possibility of longer journeys he/she couldn’t perform else.
In these cases, the fulcrum Electrific can use for optimization is located primarily at the EV fleet
owner side, rather than at the commercial EV user side. However, in cases where a certain
freedom of action is provided to the internal fleet EV user, this can be leveraged using Electrific
in a similar way as with EV owners as well.
External fleet users drive EVs that belong to a fleet that is accessible to external users. In
contrast to internal fleet users, external fleet users are not working for the company operating
the fleet. Examples of external fleet users are EV sharing users or EV users renting or leasing
EVs.
Depending on the company and business model, both internal and external fleet users might
be responsible for charging the EV themselves. In other cases, however, the operator of the
fleet is charging the vehicles.
EV Fleet Operators (EFO): In line with the definition of EV fleet users, EV fleet operators can
also be divided into external and internal EV fleet operators. External EFOs provide EVs that
can be used by people other than employees of that company (e.g. car sharing companies).
As shown by [FrS17] the number of car sharing users in Europe is predicted to grow drastically
within the next years (from 700.000 to 15 Million). Internal EFOs provide EVs that can be used
by employees of the company (e.g. taxi companies). A study performed by bitcom [Bit17]
among 506 companies shows that 49% of all predict it as likely (12% even very likely) that they
will include EVs to their company within the next ten years.
As described in the context of EV fleet users, either the charging is done by the EV fleet user
or by the EV fleet operator. Therefore, ELECTRIFIC has to provide solutions for both cases.
Charging Service Provider (CSP): The charging service provider can be considered as the
central actor in the charging architecture. The CSP is responsible for the operation,
management, and maintenance of charging stations. Like the EFU and EFO the CSP can also
be an internal or external CSP. While the latter is offering charging services to the public,
internal CSPs only offer charging services to company members.
Charging Station Owner (CStO): The charging station owner is either an organization or a
private person that owns the charging equipment. The owner does not necessarily operate
the station itself and may leave this to a (commercial) operator and/or service provider (CSP).
This is often the case for, for instance, municipalities, shops or parking companies.
Charging Station Ground Owner (CStGO): The charging station ground owner is an
organization or private person that owns the ground where the charging equipment (e.g.
connectors) is located. The owner does not necessarily operate or own the charging station
itself but owns and operate the parking places and grid connection.
Charging Station Management System Developer (CSMSD): The charging service provider
(CSP) needs ICT support to monitor and operate charging stations. For that purpose the CSP
uses a charging station management system (CSMS) which is running as a middleware
between the system of the CSP and the charging stations. It communicates with the CSs using
some standardized protocols (e.g. OCPP protocol) and can retrieve the current CS status.

5

D2.2– Initial description of scenarios, business requirements and use cases

Version 1.0
Date: 31/05/2017

Additionally, the CSMS manages the actual CS reservations. The charging station
management system developer (CSMSD) is the entity developing and maintaining the CSMS.
Transmission System Operator (TSO): The transmission system operator is operating the
ultra-high and high voltage network. The TSO provides a power grid for transporting energy
over long distance, to control the frequency (50Hz) in the European power grid and to use
balancing power to compensate imbalance of supply.
Distribution System Operator (DSO): The distribution system operator is operating in the
medium and low voltage power grid and is responsible for distributing electricity to end users.
His task is also to operate, maintain and repair the grid section where he is responsible for to
provide a reliable grid operation. DSOs must make their networks available to all suppliers in
a non-discriminatory way. Currently, the DSO is not responsible mainly for balancing power –
this is done by the TSO only.
Energy Supplier (ES): The energy supplier buys energy from the market or via direct contracts
and sells it to the end consumers. As an exception from the EU unbundling legislation package,
for small utilities, it is possible, that the ES is also an energy producer (RESG or FESG).
Energy Exchange (EX): The energy exchange is a marketplace for energy products. The EEX
is the leading European exchange for energy goods like electricity and gas. The market is
differentiated into spot market and future market. On the spot market energy is traded
continuously over the current day, one day and two days in advance, as well as for the following
weekend.
Renewable Energy Source Generators (RESG): An energy supplier whose whole electricity
comes from renewable sources like solar power, wind power, hydroelectric power and biofuels.
RESGs can provide local renewable energy supply or can feed it into the electricity grid. In
ELECTRIFIC both the use of local produced renewable energy and renewable energy coming
from the grid is considered.
Fossil Energy Source Generators (FESG): An electricity supplier whose electricity comes
mainly from non-renewable sources like natural gas, coal and oil. Unlike RESG, FESG will see
ELECTRIFIC as a tool which negatively affects its business.
National Regulatory Authority (NRA): In order to provide a competitive internal energy
market, an independent and transparent national regulatory authority (NRA) is needed to
ensure the application of the rules. These regulators must operate independently from both
industry interests and government. To ensure this, they must maintain the authority over their
own budget according to the Third Energy Package. National governments, in turn, have to
supply their NRA with sufficient resources in order to support their operation.
Regulators are legitimated to issue binding decisions to undertakings and penalize them in
case of legal violation. On the other hand, big energy producers, transmission system and
distribution system operators are required to deliver precise data for the regulators.
NRA’s are not only responsible for the energy market most of the time, but do also have other
assignments in some countries. The general goals of a NRA can therefore be defined as to
ensure a quality that is beneficial for the society as a whole and to take all public and private
interests into account.
The NRA of Germany is the Bundesnetzagentur (BNetzA), of the Czech Republic is Energy
regulatory office, and in Spain the “Comisión Nacional de los Mercados y la Competencia”
(CNMC) is responsible for that task. NRAs for the energy sector are organized via the Agency
for the Cooperation of Energy Regulators (ACER)
Battery Retailer (BR): One fundamental part of EVs are batteries. Battery retailers sell
batteries. Battery manufacturers are also retailers. In the context of ELECTRIFIC battery
retailers are considered as a stakeholder, as the ELECTRIFIC software solution should be
agnostic to battery manufacturers, i.e. battery standards need to be considered in the project.
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They are interested in techniques like ELECTRIFIC that extend range and life-time of a battery,
as this is a major selling argument.
Battery Leaser (BL): Additional to buying batteries, these can also be leased. As will
explained later, this is a common business model today. Battery leasers are especially
interested to receive back a battery with a high state of health. If the battery has a good state
of health it can be leased to other customers again, or could be sold or used in a so called
second life context.
EV Manufacturer (EVM): EV manufacturers produce/sell/lease EVs. The top 10 EV
manufacturers are Renault-Nissan, Volkswagen, The Geely Group, BMW, BYD, Ford, Tesla,
Toyota, GM, and Mitsubishi [Sch15]. The Electrific software solution should be independent of
EV manufacturers. Therefore, standards and technical limitations need to be considered here.
General Public (GP): The general public is a secondary stakeholder that benefits from the
ELECTRIFIC outcome by experiencing an increased life quality through a stable grid, improved
ecological footprint of humanity, increased attractiveness of EVs, and an improved driving
behaviour.
Local Business (LB): Local businesses could for example be hotels, shopping malls, super
markets, or tourist attractions. They are considered in ELECTRIFIC from a business
perspective, as they can participate in a bonus/coupon system, helping to incentivise users to
follow ELECTRIFIC suggestions.
Electrific Service Provider (ELSP): The ELECTIRIFIC service provider is a new stakeholder
that comes into play due to the existence of the ELECTRIFIC project. It represents an entity
that provides the ELECTRIFIC solution created in this project as a service.

II.1.1. Interactions between the Stakeholders
After providing an overview of the stakeholders in the last section, the basic interactions
between them will be described in the following. For better clarity, these are divided into
(1) interactions within the energy ecosystem,
(2) interactions between the energy and the charging ecosystem,
(3) interactions within the charging ecosystem,
(4) interactions within the EV ecosystem, and
(5) interactions within the ELECTRIFIC service ecosystem.
II.1.1.a. Interactions within the energy sub-ecosystem
The ELECTRIFIC project is connected with the energy ecosystem in different ways.
ELECTRIFIC aims at both supporting the power quality of the grid stable and to maximize the
intake from renewable energy sources (RESG). For this purpose coordinated charging is
nessessary which can be achived by incentivising ELECTRIFIC users to adhere to the
suggestions of the ELECTRIFIC software solution. Besides the effect of non-monetary
incentives, the effect of monetary incentives will be analysed within the project. In order to
grasp the leeway of monetary gain ELECTRIFIC will provide, the monetary/contractural
situation in the energy sub-ecosystem needs to be considered.
The figure below shows an overview of interactions within the energy sub-ecosystem. The
RESG and FESG both either sell energy to the EX, or directly sell energy to the ES. For
transporting the energy, it is either fed into the high, or the medium voltage grid. While large
producers usually directly feed in the energy into the high voltage grid (for which the TSO is
responsible), smaller producers like a small local PV installation usually feed into the medium
voltage grid (for which the DSO is responsible) or the electricity is used directly.
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The DSO and TSO are responsible for maintaining the infrastructure. The DSO provides the
infrastructure for the ES. The ES buys energy from the EX or directly buys it from the RESG
or FESG. As explained earlier, the NRA is responsible for regulating and monitoring all
participants on the energy market.

Figure 4. Overview of Interactions within the Energy Sub-Ecosystem

II.1.1.b. Interactions
ecosystem

between

the

energy

and

the

charging sub-

The interface between the charging sub-ecosystem and the energy sub-ecosystem is provided
by four stakeholders: The DSO provides the grid infrastructure to connect the charging station
with the grid. The CSP can have direct contracts or direct connections to a RESG or can buy
the energy from an ES.
Due to their importance for connecting the two ecosystems, all four stakeholders are
considered as primary stakeholders.

Figure 5. Overview of Interactions between the Energy and the Charging Sub-Ecosystem
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II.1.1.c. Interactions within the charging sub-ecosystem
Within the charging sub-ecosystem, the CSP plays a major role. As mentioned previously the
CSP can be internal or external, i.e. providing charging services only for EVs belonging to a
private fleet or providing charging services publicly to everyone. As shown in the figure below,
CSPs can have contracts with other CSPs allowing external customers to charge at their
charging stations and vice versa (roaming contracts). An EVO/EFO that has a wallbox installed
at home for charging or that owns charging stations is at the same time an internal CStO. If
the EVO/EFO provides public access to the wallbox/CS the EVO/EFO is an external CStO. At
the same time the EVO/EFO would be (internal/external) CSP if they manage their charging
station themself. An internal CSP is always either an EVO or an EFO. As mentioned previously
a differentiation between CStO and CSP is done because a CStO can also have a contract
with a third party operating the CS (CSP).

Figure 6. Overview of Interactions within the Charging Sub-Ecosystem

The CSP operates the charging station(s) of (a) CStO(s) and provides charging services to
the EVO and EFU. The CSP uses the CSMS developed by the CSMSD to manage and
operate the CS. The CStGO provides the ground on which the CS is installed, including
parking spaces.
II.1.1.d. Interactions within the EV sub-ecosystem
As shown in the figure below, EVOs buy EVs from an EVM. They either lease (from BL) or buy
(from BR) the battery with the EV. The same holds true for EFOs. The EFU uses/leases EVs
from an EFO. As explained previously EFOs can be internal or external EFOs.

Figure 7. Overview of Interactions within the EV Sub-Ecosystem
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II.1.1.e. Interactions with the ELECTRIFIC service sub-ecosystem
The ELECTRIFIC service provider could interact with all other stakeholders of the project.
However, as mentioned previously the business model of ELECTRIFIC will be defined later in
the project and therefore no details are available at the moment. The figure below shows an
overview of the most likely interactions between the ELSP and other stakeholders of the
project.

Figure 8. Overview of Interactions within the ELECTRIFIC Service Sub-Ecosystem

The ELSP maximizes the profit of the EFO by reducing costs of EVs (including battery) and
helping to increase the potential customer base by making EVs more attractive. The ELSP
could also work together with local businesses including incentives (like a 10% discount on
coffee) and attracting customers. In the current situation, the ES needs to be (monetary)
incentivized to participate in ELECTRIFIC in order to see a cascading pricing effect from the
DSO over the ES to the CSP and ultimately to the EDU and EVO (see Section II.2). The ELSP
will provide incentives to the EFU and enhance the EV attractiveness. The same holds true for
the EVO. The ELSP will also try to maximize the use of renewable energy and to stabilize the
grid. For battery leasing companies ELSP can provide benefits by enhancing the SOH of
batteries which are being returned and for the CSP the ELSP can help to maximize profit by
enabeling new services to be provided to customers (e.g. green charging) and by increasing
the potential customer base.

II.1.2. Business Models and Goals
Each stakeholder has goals (and business models) which are important to adhere to, or by
any chance help to reach using Electrific. In some cases new business models can be created
in the future which enhance the goals of the different stakeholders and help to foster a more
ecological life-style. In the following the business models and goals for each of the before
mentioned primary stakeholders are summarized in the context of ELECTRIFIC.
EV owners (EVO): In the context of ELECTRIFIC a major goal of EVOs is the improvement of
the e-mobility experience. In general this can be achieved by reducing charging and ownership
costs, and improving driving behaviour, environmental friendliness and charging processes.
ELECTRIFIC helps fulfilling these aspects by improving the attractiveness of EVs (Objective
1) by simplifying the use of EVs. Additionally, ELECTRIFIC aims at improving the grid
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friendliness and use of renewables (Objective 3,4) which can help to reduce charging costs of
EVs. Furthermore, ELECTRIFIC can contribute to a better state of health (SOH) of batteries
of EVs and by that descrease the cost of ownership of an EV.
EV Fleet Users (EFU): Like EVOs, a major goal of EFUs is the improvement of the e-mobility
experience. However, depeding on the business model of the EFO, the weights of the different
aspects, like the reduction of ownership or charging costs can differ to the ones of an EVO.
In a business model where EFUs are not involved in the charging process, the reduction of
charging costs is for instance out of scope for the EFU. In business models where the user is
involved in charging, but not incentivized to adhere the charging behaviour to the suggestions
made to reduce charging costs by any means, the reduction of charging costs is again not in
scope of the EFU. Equivalent if the EFU is not enabled (and incentivized) to adapt his/her
behaviour to reduce the costs of ownership, this aspect is also out of scope of the EFU.
However, improving the driving behaviour, environmental friendliness and charging process (if
this is done by the EFU) can be important aspects for EFUs. Again Objective 1,3, and 4 of
ELECTRIFIC contribute towards fulfilling these goals.
EV Fleet Operators (EFO): As described previously EFOs can be differentiated into internal
and external EFOs. The business models vary correspondingly. Internal EFOs often have
business models independent of the EV market. Deutsche Post for instance are using EVs to
deliver packages. In such cases EV fleets are operated due to cost and marketing reasons.
Other companies operate fleets that employees may use (as a bonus for example) but which
business model are completely independent of the fleet. External EFOs on the other hand have
business models based on the EV fleet. They offer rental/sharing services to customers.
In general it can be differentiated between long and short term rental. While the latter is defined
as rentals lasting for less than three days, the first are rentals that can last to up to several
years.
Another common differentiation can be done between free-floating and station-based rental
models. Free-floating means the EVs of the EFO can be parked anywhere within a specified
zone and do not have to be returned to a certain place. In contrast, station-based rental models
demand to have an EV returned at the same location as where it was picked up.
A differentiation is also done by carsharing vs. rental. While car sharing models are based on
a membership model where EFUs are usually members for a longer period of time, rental
models are based on ad-hoc rentals where the contract with the EFU starts when renting the
EV and stops when returning the EV.
As mentioned previously some EFOs involve users in the charging process while others
perform charging themselves. In cases where batteries are swapped (e.g. with scooters or ebikes) the latter is often the case.
Like EV owners, EV fleet operators are interested in a long-term value preservation of the cars
they own. In cases where batteries or EVs are leased the interest of value preservation depend
on the leasing model. Additionally, external EFOs have the goal to increase the potential
customer base in order to maximize revenue. Again Objectrives 1,3 and 4 of ELECTRIFIC
contribute to reaching these goals.
Charging Service Provider (CSP): CSPs provide charging services to EFU and EVO. As
mentioned previously they can be differentiated between internal and external CSPs. The
general goal of CSPs is usualy to provide good services. For external CSPs this is a means to
an end for reaching their main goal to increase profit/revenue. The business model for external
CSPs is therefore to sell charging services. Such services can reach from handling contracts
with energy suppliers, managing reservation and billing for charging, to maintenance of
charging stations.
Aspects of good charging services can be to offer a wide variety of services like green
charging, fast charging, cheap charging, battery-friendly or grid friendly charging. Also the
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possibility to maximize the inclusion of (locally installed) energy sources while charging can be
an important aspect for instance EVOs that own a charging station and have locally installed
solar panels on the rooftop which use should be maximized.
ELECTRIFIC can help to reach the goals of internal/external CSPs by increasing the potential
customer base, help to offer additional services like battery or grid friendly charging, enable to
maximize the use of renewable energies for charging, and providing (monetary) incentives to
the CSP. In addition, ELECTRIFIC can help by introducing a standardized data model to lower
costs of maintenance. Therefore, all four Objectives of ELECTRIFIC contribute to reaching the
goals of the CSP.
Charging Station Owner (CStO): Charging station owners are either internal or external
CStOs. Internal CStOs have the goal to provide the infrastructure for charging EV of an internal
fleet, while external CStOs can have the additional goal to maximize profit/revenue. However,
the latter is not always the case. Today, for example, communes own many charging stations
which are open to the public. They usually do not operate them themselves, but instead have
a contract with a CSP. As explained later, the profit/revenue the CSP gets by operating the
charging station is nowadays often not forwarded to the communes. Therefore, communes in
the role of a CStO do not have the goal to maximize profit, but instead have other reasons, like
promoting the use of EVs or making the area more attractive. However, such in other cases,
the profit/revenue the CSP experiences are (partially) forwarded to the CStO.
EVOs that own a charging station usually have the goal to conveniently charge their car at
home, but they also have the goal to decrease charging costs, maximize the use of renewable
energy (especially if they have locally installed renewable energy source generators) and if
they offer their CS to the public, to make profit.
Dependent on the goals and business model, ELECTRIFIC can help to reach the goals by all
four Objectives.
Distribution System Operator (DSO): The DSO provides the grid infrastructure to which the
CSs are connected, however, do not directly sell these service to the CSP. The reason for that
is that the operation of power grids is very expensive and since it is not worthwhile to lay out
the supply technology redundantly in one area, there are no competitors at the same place.
Nevertheless, consumers have a great interest in the fact that the prices for the gird usage are
calculated fairly.
To ensure that network operators do not earn monopoly profits and operate the networks as
cost-efficient as possible, power grid and gas grid operators are regulated by a national
authority (In Germany: Bundesnetzagentur). For this reason, the so-called incentive regulation
instrument (Anreizregulierung) was introduced to create a near-market conditions for
monopolistic markets.
The principle of incentive regulation is to create monetary incentives for the DSOs in order to
bring actual business costs to the cost level of a technically and economically optimal
operation. If the company is 100% efficient, no additional investigations have to be done in
new technologies and, at the same time, the fully fixed interest rates are earned.
Each DSO makes a capital cost estimate, which is submitted to an accountant. In addition,
these capital costs are compared with other DSOs to create a market similar situation.
Whoever works inefficiently is forced to become more efficient. In addition to fixed interest
rates, the DSO is also encouraged to use new and more efficient technologies, as additional
profits for the DSO fall. By calling for a more and more efficient operation, Bundesnetzagentur
reduces the revenue cap within a regulatory period annually. This is another incentive for the
DSO to work more efficiently.
The network enhancement and the use of new technologies are intended to ensure safe
network operation, a market-like situation and long-term optimization.
Introducing new technologies (like ELECTRIFIC) for a higher profit is only possible within the
current regulation period. If this technology is then seen as technically and economically
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worthful it will become standard in the efficiency benchmarking. In the following regulation
period, no further additional profit can be earned, by using the same technology like in the
previous regulation period. Therefore, this incentive regulation is only a temporarily aspect.
This means introducing ELECTRIFIC can have a temporary positive effect on the profit of the
DSO related to the incentive regulation legislation. Therefore, Objectives 3 and 4 helps to fulfill
the goal of the DSO to increase profit.
Energy Supplier (ES): The classic energy supplier pursues the business model to sell as
much energy as possible to its customers and to be as efficient as possible (to buy exactly the
quantities of the electricity market that are needed). The energy distribution takes place via the
distribution networks up to the end customer. As shown in the previous section, a distinction
can be made between whether the energy is marketed directly or via the energy stock market.
The rules can be read in §21 EEG. Due to the increasingly decentralized generation and sale
by private individuals, the market of the energy supplier is changing. Through the EEG, the
supply of renewable energies is an important source of energy supply. At the same time, a
decentralized system should also be used to create a low-consumption generation and to
increase energy efficiency. Especially with regard to short-term load changes. The goal of the
ES is to increase profit/revenue. ELECTRIFIC can help to reach the goal by providing
(monetary) incentives to the ES. Additionally, ELECTRIFIC can help by providing the possibility
to better predict energy demand and by that reduce costs of buying energy from producers as
short term prices are usually higher than prices for buying energy for a later point in time. Also
the potential customer base is increased as ELECTRIFIC is increasing the attractiveness of
EVs. Objectives 1,3, and 4 of ELECTRIFIC therefore contribute to reaching the ES goals.
Renewable Energy Source Generators (RESG): RESGs produce and often sell energy
coming from renewable energy sources. If an EVO or EFO for instance own solar panels or
wind turbines which they can use for charging their EVs they are at the same time RESGs.
The more energy they can use for charging their EVs the lower the charging costs. A RESG
can also feed their energy into the grid. Here, the business model is selling the energy. Large
solar or wind parks need to be able to be switched off at times where demand is low, which
leads to a decrease in revenue. ELECTRIFIC can help to reach the goal of increasing
revenue/profit by adjusting the demand to the production (i.e. Objectives 1,3, and 4).
Battery Leaser (BL): Many EV manufacturers offer a leasing of batteries (or EVs together
with the battery). The leasing model is usually dependent on the kilometres driven, and/or
additionally the time of leasing. The goal of a battery leaser is to increase profit. ELECTRIFIC
can help by improving the state of health of a battery by the end of the leasing time. A new
pricing model could be introduced which is dependent on the state of health of the battery
instead of the kilometres drive or leasing time. All ELECTRIFIC Objectives can help to foster
the goals of the BL.
Local Business (LB): LBs try to attract customers. The business model depends on the
business. They could be hotels, restaurants, shoe stores etc. Currently, LBs can only
participate actively in the EV market by becoming a CStO and by that trying to attract
customers by offering the possibility of charging nearby the location. However, a future
business opportunity could be offered by ELECTRIFIC. By becoming a part of ELECTRIFIC a
local business could attract potential customers by providing coupons or special deals (like
10% off) through the ELECTRIFIC software solution helping to at the same time attract
customer, and to keep a stable grid while maximizing the intake of renewables. Objectives 1
and 4 helps to foster these possibilities for LBs.
Electrific Service Provider (ELSP): As mentioned previously the business model of the ELSP
is not yet defined. However, some examples of cooperations with other stakeholders have
already been provided in the last section. More details will be provided in upcoming
deliverables. All four ELECTRIFIC Objectives will contribute to the business model of the
ELSP.
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II.2. The Socioeconomic Perspective
The ELECTRIFIC software solution has its counterpart and complement in the social-economic
part of the project: the triangle issue of contracting, pricing and incentivizing actors. In
ELECTRIFIC this complex issue plays a crucial role in making the technical solution work in
real life – or in a projected real-life future.
This issue can be structured alongside its components: contracts form a legal basis for pricing,
which overlaps with incentives but is by no means congruent with the other two issues. The
complexity of this setting and the consequence for the structure of this chapter will be explained
using the figure below.

Figure 9. Financial Claims among ELECTRIFIC Stakeholders

As can be seen from the legend in the figure, the grey arrows symbolize financial claims
between the main stakeholders of the ELECTRIFIC ecosystem. The yellow arrows contain
money-flows, too, however, additionally they comprise other methods of incentivitizing endusers (=drivers) to change their behaviour, i.e. social appeals on reward schemes. The reason
for this enhanced “tool-box” in relationship with the drivers is that we assume rational behaviour
for all actors except for the ones steering an EV: the drivers need to change their behaviour in
a context that is viewed as a private domain.
Every flow of money is based on a contract, be it in written or oral form (please find more
details on the contracts in Section II.2.1). In the ecosystem of ELECTRIFIC several
stakeholders interact through contracts directly or indirectly with each other. These contracts
contain, however, more than just agreement about the moneyflow: necessary elements are
also the service unit (e.g. an hour of EV-usage, a kWh charged etc.) and the so-called “Quality
of Service”, i.e. the detailed description of the characteristics of this service like the technical
details of power supply of a charging station. This combination determines not only the way
that cost are distributed but also in itself are an incentive to act in a specific way: if, for instance,
the DSO had a congestion based pricing system – which today is not the case – it would entice
the ES to create contracts for its customers that also contain variable, grid-congestion based
elements. And so forth: In case the customer were an EFO it would transfer this volatility of
pricing onto its customers. As far as these money-flows take place among public or business
organizations as mentioned before, we assume rational behaviour and thus a high priceelasticity, meaning that a change in pricing has a high impact. When it comes to private EV
users, the situation gets more complex, because their behaviour is not only determined by
economic rationale but by a complex structure of personal beliefs, constraints, habits, among
others. Therefore, for the relationship with the EV users, the total of behaviour changing
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methods must have a richer set of options. This is what in ELECTRIFIC is meant by
“incentives” as opposed to mere pricing.
These considerations lead to the following structure of the remainder of this section: The first
section will recall the basic structure of the contracts binding partners in the ELECTRIFIC
ecosystem today and possible enhancements for the target scenario that have the potential of
boosting the overall impact of ELECTRIFIC. The second chapter revolves about pricing,
dealing with both general options to create pricing systems that are consistent along the lines
of the ecosystem and how to implement them among specific partners. And finally, the third
chapter deals with the “last mile”, that is multiple ways that EV drivers can be made to change
their day planning in order to adapt to power grid and battery health requirements.

II.2.1. Contracts in the ELECTRIFIC Ecosystem Today and
Tomorrow
Within the ELECTRIFIC project, the most relevant contracts for socioecomic issues like pricing
and incentives will be analysed. In order to be able to asses the different aspects thoroughly,
the contracts will be investigated in more detail in the respective tasks of the technical WPs.
Here we will give a short overview about the most important contracts between primary
stakeholders.

Figure 10. Contracts Among ELECTRIFIC Stakeholders

The contracts can be grouped into four different categories: 1) related to energy pricing, 2)
related to battery and EV rental pricing, 3) related to other incentives and business models and
4) other contracts.
II.2.1.a. Contracts
relevant
perspective)

for

energy/charging

pricing

(CSP

For contracts related to energy pricing, here only the contracts between primary stakeholders
will be described. Potentially, there are additional contracts which are relevant for energy
pricing with secondary stakeholders from the energy sector, such as EX, TSO, NRA, FESG. If
this case is identified during the project, these contracts will be analyzed in more detail in the
energy pricing-related tasks of the technical WPs.

15

D2.2– Initial description of scenarios, business requirements and use cases

Version 1.0
Date: 31/05/2017

DSO – ES – CSP
This contract can either be directly between DSO and CSP, but typically runs via the ES:
The grid usage contract is concluded in the energy sector between the grid user and the DSO.
Grid users are consumers (CSP) or Energy Suppliers, which have a connection to the grid and
pay the grid usage fees directly to the grid operator (DSO). The energy supply itself is not part
of the contract. Furthermore, regulations for power measurement and load profile application,
the allocation of feed-in and consumption to balancing groups, as well as details on billing and
data processing are integral parts of the contract.
The suppliers outline contract is concluded between ES and DSO. It regulates that electricity
suppliers can deliver the energy to their customers and therefore have to pay grid usage fees
to the grid operators, which they forward to their customers. Therefore, this contract is also a
grid usage contract. Purchase and sale of electricity is not part of the contract. The energy
trader purchases the electricity either on the exchange market or directly from a power plant.
RESG – ES – CSP
Energy supply contracts have different characteristics depending on its application. In the
following they are divided according to their contract purpose in wholesale energy trading
(trade purpose on the EX) and direct final customer agreements.
Wholesale Energy Trading (RESG – ES – CSP)
An energy supply contract with a trade purpose (resale purpose) is concluded between an
energy-selling party, in this case the RESG and an energy-buying party, the ES (or sometimes
CSP). The energy can be bought directly from the RESG or via the EX. The ES then sells the
energy to the CSP. The contracts content is only limited by the competition law and can be
shaped in any form. In wholesale market, especially in the international sector, usually EFETContracts are used as basis.
Final Customer Contract (ES – CSP)
The energy supply contract in form of a final customer contract is concluded between a final
customer, in this case the CSP and an energy supplier (ES). The contracts can be categorized
in primary care and special contracts. Private households, small agriculture and small
businesses are considered as household customers and can therefore make use of the
primary care regulation. Special contract are all other contracts, which are concluded in the
free market economy or with non-household customers, e.g. All-In-One-Contracts (as
described later) or energy supply contracts with industry customers.
The energy supply contract usually includes the regulation of energy delivery for customers.
In detail, the energy to be delivered, the payment method, liability and compensation
arrangements, as well as information about contract termination, price adjustments, period of
notice or rights of withdrawal of the customer are defined. Contracts on the delivery of energy
for household customers, apart from the primary care, have to be simple and formulated clear.
DSO – RESG
The feed-in of renewable energy to the distribution grid is typically regulated via law, e.g. in
Germany, the renewable energy law. Grid operators are prohibited to hinge the fulfillment of
their duties on a contract. A special contract between in-feeder and electricity grid operators is
therefore not needed. The grid operator is able to conclude a measurement and billing contract
with the in-feeder.
ES – CSP
Typically, CSPs are offered an All-In-One-Contract by their ES, which is a combination of grid
usage contract and energy supply contract in order to provide an all-in-one solution to
consumers. Since most CSPs are of small size, they are not offered any special contracts by
the ES, but will enter into standard contracts. Like most other industrial customers the CSP
pays for power (kW) and energy (kWh) consumption in fixed tariffs. These tariffs sometime
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contain a very coarse time-of-use (TOU) based kWh pricing: on the weekend and during night
time, a kWh costs less than during the day.
CSP (external) – EFU/EVO
Contracts between external CSP and EFU/EVO can be of many different types, which still
remains another problem for the wide adoption of EVs. Typically, the end users have to enter
into different contracts with each CSP in order to be able to charge at their charging stations.
Each CSP has another business model and accepts different payment methods. Costs for
charging can be deducted for parking (min), per kWh or flat rate. In some cases it might even
be for free. Sometimes roaming contracts exists. They will be described later in this chapter.
II.2.1.b. Contracts relevant for EV rental pricing (EFO perspective)
In order to asses the potential of incentives coming from the EFO, e.g. via the rental fee,
different sources will be analyzed during the project. One promising aspect is the battery of the
EVs, which constitutes a big cost factor. Increasing the battery health could lead to some
latitude for incentives. Relevant contracts between primary stakeholders will be described.
BL – EFO/EVO
Typically, for EFO and EVO exist two possibilites for acquiring the batteries for their EVs. The
first option is buying the battery, which will not be considered in more detail at this point. The
second option is battery leasing, which often is done via the EV manufacturer and which could
bear some potential for incentives from increased battery health and longer battery life.
Currently, the battery is leased for a certain time or mileage. In future, this contract could be
extended or adjusted, considering the battery’s state of health.
EFO (internal) – staff (EFU internal)
Internal EFO (company fleet) and its employees, the internal EFUs, have an employment
contract. This can include the usage and driving of internal EVs or the leasing of companyowned EVs for job purposes. Thus, incentives from an improved battery health could be partly
or completely forwarded to the employee using the EV and being responsible for the longer
battery life.
EFO (external) – customers (EFU external)
External EFO (rental fleet) and its customers, the external EFUs, typically enter into a customer
agreement for the rental of the EVs. Type and scope of the contract depend on the business
model of the EFO (see section II.1.2). In most cases, the customers pay a rental fee per
hour/minute, kilometer or a flat rate. Incentives, resulting from an improved battery health could
be partly or completely forwarded to the customers using the EV and being responsible for the
longer battery life.
II.2.1.c. Contracts relevant for incentives and business models
Also contracts which affect a potential business model for ELECTRIFC and included
incentives, will be described here shortly. During the project, probably more contracts will be
identified, depending on the findings.
LB - CSP
As of today, some local businesses, e.g. shops or tourist attractions, acquire and operate a
charging station. Objective of this endeavor is not necessarily direct profit from offering the
charging service, but attracting new customers, similar to some of today’s gas station. If the
LB has a CS, it becomes and acts as external CStO, which enters into a special contract with
a CSP. We consider this as contract between CStO and CSP, which will be described later in
this chapter. Following, in the overview figure is no arrow between LB and CSP.
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II.2.1.d. Other relevant contracts
If EVO or EFO own a charging infrastructure, they are at the same time the CS owner and
internal CSP. An internal CSP is always either an EVO or an EFO. Following, it can not
establish its own contracts and we consider its relations always from EFO/EVO perspective.
One exception is a roaming contract between multiple CSPs, which can also be concluded
between an internal and and external CSP. This roaming contract allows users of a CSP to
charge their EV at other charging stations. Roaming contracts will be analyzed in more detail
during the project.
CStO (external) – CSP (external)
Currently, often an external CSP is paid by a CStO for managing and maintaining its charging
stations. Whether this also includes accounting, payment and energy management depends
on business model. Here we assume, that this is done by the external CSP. Many CStO just
desire to own a charging station, but have no intention in operating it or making profit from it.
However, in the future it could be the other way round, that the CSP leases the charging station
in order to make profit from operating it.

II.2.2. Pricing
In ELECTRIFIC pricing has three functions that may be partially overlapping:


Distributing cost: In the scenario of a supplier (e.g. of charging spaces or of electricity)
offering a service to a customer (e.g. the EV driver or owner) the prices for this service
first and foremost are aimed at compensating the supplier for the fixed and variable
cost of “producing” this service.



Signal of resource scarcity: Apart from this, and in some cases nearly independent of
the cost groundwork, from an economic point of view, prices act as a signal of resource
scarcity and thus allow for the distribution of those resources in the most efficient way
– seen from a mere economic point of view! This may not be the point of view a society
pursues, e.g. in cases where the goal is to offer the access to resources evenly to all
involved parties. An example might be increased prices for reserving charging slots
when a lot of EV users intend to charge at the same time and place.



Incentivizing behaviour change: The main goal of ELECTRIFIC, however, is to
ultimately make EV drivers comply with necessities from the electrical grid, the
expansion of the lifetime of the vehicle batteries and the requirement to increase the
utilization of available renewable energy resources. This necessitates the smart
combination of various methods of incentivizing people to now and then change their
behaviour; one of these methods are financial incentives via prices and tariffs.

In an ideal world the social cost for producing and distributing electrical power would be
internalized into the price of a kWh or the battery and if additionally the overall social goal were
to employ these kWh in a way that maximizes economic efficiency, then all three functions
would be congruent. However, in the real world, this is not the case.
As to the delineation and interdependence of these three functions, the distribution of cost is
the groundwork which always needs to be guaranteed. The way in which these cost are
distributed among players and usages may fully cover the functions of signalling resource
scarcity and incentivizing behaviour change (e.g. in the ideal world example) – but this may
not be enough: the share of mobility cost at the total income of users may be so low that they
do not consider to change their behaviour so that an additional behavioural changing
surcharge might be planned.
The following two sections introduce to degree of freedom with pricing that forms the modelling
and testing scope for ELECTRIFIC: first, secion sheds light on the total amount of money that
is available for pricing, The following section then sketches some ideas in which form players
might organize their claims for financial contributions.

18

D2.2– Initial description of scenarios, business requirements and use cases

Version 1.0
Date: 31/05/2017

II.2.2.a. Financial Pricing Elements
According to economic theory the price for a good in order to be traded on the market should
at least cover variable cost, if possible cover its share of the fixed cost and in a market with
market failure elements, sometimes it is additionally advised to include a mark-up that allows
for the repayment of e.g. former and future investment cost. This is also the rational behind the
energy-only market that claims that electricity can be traded on an energy-only market (without
a separate capacity market), in case the market forces are allowed to play on the market
exchange without price caps. Because in the long run soaring prices in times of (electrical)
capacity scarecity should (at least theoretically) cover the investment, maintenance and standby of peak generation units.
For the goal of ELECTRIFIC, this means that apart from the steering function, the prices of
charging the battery should cover the following cost components of the ecosystem to the
degree that the EV driver/owner is making use of them (see [COM14]):


Electricity generation cost: this charge should be as close to the generation source as
possible, i.e. if the driver follows the suggestions of ADAS and charges e.g. “solar only”
then only the generation cost of solar should be applied (to the degree that the billing
process within the electricity system enable this approach). These generation cost
include also the cost for EU ETS certificates.These cost are part of the wholesale
electricity price. The wholesale price today varies greatly according to market forces;
however due to flat-rate dominated tariffs this volatility is not regularly transferred onto
users like EV drivers, so that there is no market signal to end customers as to the
scarecity of the “product” electricity.



Retail electricity cost: all cost incurred by the energy provider to manage retail to final
customers like CSP, e.g. for the marketing and the tariff management and billing.



Fees, taxes: today the electricity price is made up only to a varying degree of real
generation cost; part of the electricity price covers the fees and taxes that the energy
supplier has to pay.
o

This applies for instance to the networking cost which in Europe vary between
2€c/kWh to 7€c/kWh (2014 prices, see [COM14]) and are calculated and levied
through various centralised methods. In Germany, e.g. they are calculated once
a year and distributed among grid users according to peak usage. One outcome
of ELECTRIFIC might be that the whole ELECTRIFIC ecosystem might profit
from redesigning this process and introducing congestion based charges.

o

This applies also to other taxes and levies like the ones to increase the share
of renewable energy in the energy mix. Also these vary greatly among EU
member states: in some this particular tax is extremely low (e.g. Poland, Ireland
less than 1% of kWh-price), in others it has overtaken network cost.



Mark-up due to scarecity rent: this is the element that represents for instance scarecity
in charging points at a charging station which will be calculated as part of the routing
algorithm. However, it could also mean a congestion based part of network pricing or
a scarecity rent of dynamic prices in case there is high energy demand but only low
supply e.g. due to a so-called “dark doldrums” (“Dunkelflaute”), times where for a longer
duration, maybe even days, there is too little supply from sun&wind.



Maintainance costs for the charging infrastructure: the prices for charging at the
charging stations need of course also cover the maintenance cost of the total CS
infrastructure system, the same way that electricity generation, management and
distribution cost must be recovered.



ELECTRIFIC: Finally, the cost of running and managing the ELECTRIFIC software
solution are part of the OPEX (Operative Expenses) of the EV ecosystem which must
be recovered by the EV drivers/owners. If this is done via a time-based fee or through
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a fixed component of every charging process, is an issue that can be tackled in the
context of WP6/7/9.
Apart from covering cost and delivering a scarecity rent, prices in ELECTRIFIC should also
exert a steering function, in line with other incentives (see Section II.2.3). In the case of zero
market failure elements this is not necessary, but in all other cases, the desired outcome of
steering behaviour might need more financial incentive than a distribution of cost. This might
be sourced from budgeting avoided infrastructure cost, i.e. the cost of not extending the
distribution grid due to an increased demand from e-mobility which then obviously has to be
distributed and discounted among all periods of the life-time of such an infrastructure.
II.2.2.b. General Pricing Options

Variable pricing in General
Variable pricing of energy is not a novel idea. Energy from base load power plants, such as
nuclear power plants and some coal fired power plants, is relatively cheap. But these power
plants take a lot of time to start up and their downtime is costly. Peaking power plants that can
come online in a short period of time when needed, such as gas fired power plants, diesel
generators or battery storage are more expensive sources of power. However, electrical
energy is commonly priced by kWh regardless of how it is produced. Thus the incentive to
users to reduce their electricity usage when peaking power plants are coming online is missing.
Even though that reducing demand in peak times has a potential for a noticeable cost
reductions [TM+10], the most common type of meter - accumulation meter - cannot support
variable pricing of energy. This is changing with the introduction of the smart meters.
At the same time, even though mass penetration of plug in EV charging may not have a
significant impact on the overall power generation capacity, the impact on the distribution grid
can be an issue if the charging is not coordinated [LDL11]. This problem could be further
exacerbated by the intermittency of renewables.
For the pricing of energy to the consumers, the study by the International Energy Agency on
the demand side management in energy markets [IE17a] suggests following taxonomy of
pricing schemes:
1. Time of use pricing - describes the pricing currently most common in the market of
private households. Users are charged by the number of kWhs counted by their meters.
Often, consumers will have a separate meter for water heating that turns on at certain
predefined times and provides electricity at a cheaper rate. This is the basic form of
demand side management. However, the mass introduction of EVs and renewables to
the grid can significantly alter the peak hours, reducing the utility of such a measure.
2. Critical-peak pricing charges users significantly higher price than a normal price at
times of extreme system peaks. These high prices are restricted to a small number of
hours per year that are not known in advance.
3. Real-time pricing directly links the real-time (hourly) cost of power with the charges to
users. Users are thus incentivized to adjust their energy usage to the needs of the
supply side of the market.
We are also interested in applying the pricing schemes in more use cases than just sale of
electricity from the utilities to the consumers, such as sale of electric vehicle charging as a
service. For this reason, we extend the taxonomy above in the following way:
1. Time-of-use pricing - the way private owners, such as industrial fleets, municipal
fleets or households are currently charged for electricity. They are not participating in
any kind of flexible usage of the grid resources. Therefore, they pay the same price
regardless of the grid state.
2. Surge (peak) pricing - This is a special case of demand response. Specific “regular”
- constant or predictable - price is kept most of the time. In the case of extraordinary
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circumstances in the environment, this price surges, i.e. changes markedly from the
“regular” price. The number and length of these “surges” is limited by the contract.
Alternatively, the consumer can get reduced tariff for agreeing to reduce his energy
usage during the surges.
3. Demand response (also dynamic pricing) - In this scheme, the price changes as a
response to changes in the environment, such as the intake of renewables, the capacity
of the grid, peak situations, or the price of electricity at the exchange. Demand response
can also be defined as incentive payments designed to lower electricity use at the times
when it is required elsewhere [Moh08].

4. Load capping - In this scheme, users rate of use is limited, either by time, volume or
some other metric. When a user exceeds the limit, the amount of money the user is
charged for the usage of the service changes significantly.

Pricing Relationships
Here, we discuss different pricing schemes in various relationships between actors. We do not
describe all of the possible relationships. Instead, we focus on the most important ones where
the money flow is apparent.
Relationship: EV user - Charging station
Different charging stations may use different charging schemes. For example, home charging
of EVs is innately different from charging with a fast charger during long distance travel, as in
each case the user has different priorities. That is, people charging often at home do not care
as much about the speed of charging as long as the car is charge in the morning, but the price
can be very important to them. In contrast, the length of charging is much more important to
the drivers on the road.
Private charging
When the user charges at home, the electricity contract with the utility determines the price,
which is usually a flat rate. Soon, systems for coordinated use of electricity may provide refunds
from the flat rate to the users. Such solutions aggregates multiple distributed loads into virtual
power plant that reduces the overall load when electricity is expensive. These solutions takes
advantage of the time flexibility of the large portion of its participants. Instead of using the
power infrequently for a lot of time, the loads of the users take turn in using small packets of
energy at the time [RFH14]. Home charging of EV generally is a time flexible task. As such, it
is possible to utilize this sort of pricing scheme for charging stations where the users have a
lot of time flexibility.
Some private owners may use the “night current”. In an exchange for a reduced grid fee, they
can be disconnected from the grid if the grid operator deems it necessary.
A variant of a surge charging where the times and lengths of the surges is known in advance
is used by the Tempo Tariffs in France [IE17b]. Users are not required to participate in this
scheme, but doing so can generate savings in exchange for some possible inconvenience.
Dedicated charging stations
Slow charging can take a lot of time. On the other hand, fast charging can be very taxing to
the local grid. In systems, where users are not as flexible in the times of charging and want to
charge as fast as possible, other pricing schemes may be used.
Existing charging stations usually charge a flat rate for the energy and sometimes offer different
pricing options for different charging rates. The price of energy is currently not a large factor in
the pricing schemes of the current charging stations as it is a resource that is always available
for roughly the same price. However, in some places the number of parking spots or the
number of connectors are a limiting factor to how many customers charging station can serve.
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Effectively, in many charging stations parking places, not electricity, are becoming a scarce
resource. For this reason, some charging station operators resort to charging customers
maximal tariff when the charging finished but the user has not yet unplugged the vehicle.
In the cases of high demand, other forms of pricing might be required in order to increase the
efficiency of the system. Demand response combined with a head-of-time bookings can lead
to more efficient allocation, as it is able to respond to sudden changes in the grid status and
congestion of the charging station. In demand response, the price is increased in the periods
of high demand in order to persuade some customers to charge in other time periods. Because
the price can change dynamically as a response to the changes in the environment, demand
response offers a very fine control of the demand at charging stations. As such, it is a good
candidate solution for high-demand locations. The signals used in demand response may be
any of the following: local demand, grid status, intake of renewables at the charging station or
a combination of theses.
High frequency and/or large amplitude of price changes can make the market confusing to
customers. Thus, where demand is lower than supply demand response is not needed and
other pricing schemes may be chosen. Where the responsiveness, flexibility and efficiency
improvements of demand response are needed, the parameters of the demand response
mechanism must be chosen carefully to avoid alienating customers. Driver assistant apps such
as ADAS can be very helpful in this regard, as they can help the user optimizing their EV
usage, only displaying the final price user has to pay. This way, user does not need to keep
track of changing prices along the chosen route.
Relationship: DSO - CSP
Use of System (UoS) charges (per unit kWh and/or kW) received from consumers and (in
some countries) from power producers (i.e. Distributed generation DG) and connection
charges from consumers and DG operators are the main revenues of a DSO. In the current
electricity market, all DSO revenues are in the form of network charge. CSP as a consumer
pays for the DSO indirectly (via Energy supplier) for using its grids. On other hand, the main
cost of a DSO are in form of:



Capital expenditure: extension of the grid and reinforcement of existing lines and
transformers
Operational expenditures:
o Maintenance of the grid
o Use of system (UoS) charges paid to the TSO
o Electricity to cover the energy losses
o Ancillary service such as reactive power management and voltage control.
o Concessions fees

Using ELECTRIFIC, CSP can add more revenue to the DSO in terms of reducing the UoS
charges paid to the TSO by increasing the local renewable consumption or reducing the energy
loss because of transferring the locally generated energy for long distance and consuming it
locally. Since the supporting of the grid stability is one of the main goals of ELECTRIFIC, DSO
will be able to reduce the cost of ancillary service in terms of voltage control in collaboration
with ELECTRIFIC. The current revenues for the DSO are subject to economic regulation and
are not market based. The tariffs they can charge for grid usage are based on operational and
capital expenditures and regulated profitability. In the future, the CSP can recoup the
connection charge from the DSO for using ELECTRIFIC to support the grid (In Germany,
reduced grid fees are currently only allowed by consumers in the LV-grid with < 100.000 kW/h
per year and standard profiles). DSO will compensate this payments via the cost reduction of
reduce operational expenditures, e.g. ancillary service or covering the energy losses and also
reducing capital expenditures (e.g. avoiding grid enhancements). To avoid switching off
completely the CS for certain times which is probably a too hard service degradation of the
CSP, the DSO can give the CSP a kind of guarantee for using a certain capacity in the low
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voltage grid for 95 % of the time without any problem. For this guaranteed capacity the CSP
will pay a constant fee. These fees should be part of the connection charge.
Relationship: Energy Supplier- CSP
Due to the fact that the energy suppliers purchase electricity from producers and sell it to the
consumers, the main revenues stream of the energy suppliers concerns the sales of electricity
against retail price. The main costs for the energy supplier, apart from the purchase of
electricity from power producers, consists of balancing costs charged by the TSO and the
transaction costs for purchase and sale of electricity. The offers of energy suppliers in the
balancing market consist of demand response by their consumers (curtailment or shift of
electricity use). In case of developing a negative price for electricity, the energy supplier can
send demands response signals to its controllable load to consume more/less power regarding
to low electricity price. CSP can incentivize the EVO and EVU for charging their vehicles at a
certain time since the electric vehicles according to § 14a EnWG (Energiewirtschaftsgesetz in
Germany) can also be considered as a controllable consumption device. The ES knows for
example that during the day, the price on the day ahead market is cheaper. With the knowledge
of booking requests on the charging stations, the ES can sell energy for this demand. On the
other side, when the ES knows that tomorrow there will be a cheap energy price, it can use
Electrific for sending out incentives. Therefore it is able to sell more energy. In this case, timevarying tariffs can be used to send price signals to customers that reflect the current cost of
generating, transporting and supplying electricity. Three possible time-Varying Tariffs can be
applied:
1. Time of Use (ToU) pricing: establish two or more daily periods (e.g. peak and off-peak).
The former is charged with higher rate, the latter are usually some parts of the evening
and night, as well as weekend. Some countries applied this scheme on a seasonal
basis.
2. Critical Peak Pricing (CPP): it is an adapted version of ToU, where it differentiates
between high critical peak and the ordinary peak in terms of pricing.
3. Real Time Pricing (RTP): Prices vary continuously during the day (e.g. half hourly
prices)
ToU and CPP are largely based on preset prices (day ahead pricing), whereas Several RTP
variants are in place including day-ahead and half hourly pricing. All aforementioned pricing
schemes are suitable options from the perspective of a CSP and reflect the flexibility in the
CSP demand.
DSOs and ESs both wish to manipulate demand, but each for different reason. Energy seller
prefers its customers to consume energy at specific moments. For example, when the cost of
the energy is cheap at the energy exchange or when the local intake of renewables is high, as
that might be an objective from the smart city authority. As such, it can use demand response
pricing to set electricity prices low when the intake of renewables is high and electricity is
cheap. On the other hand, DSO wants to reduce the peaks in the grid (demand peaks as well
as generation peaks). These are two separate goals that can sometimes be at odds.
Reduction of the peaks, or load balancing, can be provided to the DSO as an external service
by an aggregator (sometimes called virtual power plant). In the future, the service of charging
coordination within the virtual power plant can be provided by the ELECTRIFIC Service
Provider (ESP). This is illustrated in the figure below.
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Incentives

ELSP

CSP
Internal/external

DSO

ES

Figure 11. Illustration of two kinds of incentives from DSO to the electricity consumers

It is important to note the differences in audiences of the load balancing signals from the DSO
and the price signals from the ES. Not all consumers of electricity need to be part of the load
balancing virtual power plant. But those who do participate receive benefits proportional to the
savings of the DSO. On the other hand, the price signals from the ES apply to everyone. If
DSO declares an emergency and as a results ES spikes the price, everyone who uses the
energy must pay the substantially increased price.

Interdependence of pricing relationships
In the relationships above, electrical energy is being sold. However, one pricing scheme does
not have to be chosen for all relationships, although pricing choices in one relationship may
influence pricing choices in another relationship: Flat rate pricing from ES to the CSP does not
create a strong incentive for CSP to use demand response if the demand is generally low. At
the same time, demand response pricing from ES to CSP incentivizes CSP to charge vehicles
when the energy prices are low, possibly by introducing demand response pricing to its own
customers. However, pricing scheme in each relationship may be different. The difference
stems from different needs and technical capabilities of different actors. For example, CSP that
is charged a flat rate for energy by the ES may still use demand response pricing to shift
demand as at certain times as it might have limited number of charging spots. Technical
capabilities can also influence the selection of the pricing scheme. It might be cheaper for the
CSP who does not have smart meters installed to keep flat rate pricing even though the energy
supplier uses demand response pricing when selling energy to the CSP.

II.2.3. End-User Incentives
II.2.3.a. Symbolic Appeals
When eco-friendly behaviour and choices are at stake, several forms of incentives can
enhance and emphasize the desired behaviour. Thus, incentives in form of symbolic appeals
may encourage users of the ADAS system to stay with the suggested eco-friendly route or to
follow the proposed charging stations in order to prevent grid congestion. Symbolic appeals
comprise non-monetary incentives such as point system incentives or social norm
comparisons (see II.2.3.b monetary incentives). In this section, different forms of symbolic
appeals will be described as well as their prospective use for the ADAS system.
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Background
Social norms represent rules referring to behaviour, emotions and cognition with a binding
nature within groups and/or societies [Six16]. These mostly implicit rules spur and guide
behaviour in meaningful ways since they elicit an adaptation to the social standard. Social
norms were shown to be successful when incentivising people to reduce their household
electricity usage given a neighbourhood comparison and good rating when usage was low
(see figure below).

Figure 12. Social Norm Based on Neighbors Electricity Consumption, based on [Sc+07]

When a set of options is available, the default is the option the consumer will receive
automatically if he/she does not specify otherwise. Low changing rates to non-default options
are explained by default-based attention and the anchoring character of pre-selected first
choice [Bro04]. The effect is well documented for much higher organ donation rates in
countries with organ donation status as the default [Joh04].
Given a point-based system of incentives, the desired behaviour is rewarded with
collectable points or symbols. Exemplary for a point-based reward system is Payback, where
customers collect points by buying certain products that can later be turned into discounts.
Similarly, Grünkauf (Germany & Switzerland) offers green points if shopping at sustainable
grocery stores through the company’s website (http://www.gruenkauf.eu/gruenkauf-partner).
This approach falls under the terminus of gamification and has been applied in a variety of
context, most commonly learning and education and health and fitness behaviour [HKS14].
When informational feedback is given, the consumer receives details about his/her
behaviour as well as the consequences. Exemplary are systems such as Thenewmotion and
driivz, which display the driver the saved CO2 emissions for a charging process. Showing this
to the user provides him/her with the ability to evaluate the impact of his/her charging behaviour
on the environment [Har79]. In addition, this can be couplied with evaluative or emotional cues.
Another relevant factor to sustainable behaviour is the salience of non-linear relationships. In
the US Miles per Gallon (MPG) is a measure of fuel efficiency with higher values indicating
better fuel efficiency. It could be shown that people falsely believe that the amount of gas
consumed decreases as a linear function of a car’s MPG while the actual relationship is
curvilinear [Lar08].
Target Scenarios
Based on empirical findings as well as existing technologies, we aim to test the described nonmonetary incentives in trials and ultimately integrate successful incentives into the Electrific
ADAS. In comparison to monetary incentives, whose impact remains ambiguous [Si+14], and
which can often not be upheld in the long term due to lacking ressources, they might prove
both impactful and sustainable. It is therefore of interest to test in how far non-monetary
incentives can support or even replace costly financial incentives.
Social norms will be pre-tested in a trial targeting the activation of efficiency modes commonly
termed eco-modes. Drivers will be provided with information on how many other drivers have
used the eco-button mode in the best, and we investigate whether this will increase eco button
activation, improve driving behaviour and increase range and make charging more flexible. An
example of the stimuli used can be seen in the figure below.
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Figure 13. Different Versions of ELECTRIFIC Social Norm

In terms of default choices, we will implement displays in the Electrific ADAS software solution
that sometimes show the most favourable route in terms of greenness as the default choice,
sometimes the fastest route and sometimes leave it up to the user to choose a route without
any default setting. We hypothesize that users will be more likely to stay with whatever the
given default is. If this turns out to be true, in the final solution, a default setting towards the
greenest route would be implemented.
Depending on the point system we decide on, drivers will be rewarded with symbolic
collectables when showing sustainable driving and/or charging behaviour (for a possible
implementation, see Figure 15, a). We hypothesize that putting points in an emotional,
evaluative or social context will make a difference to users, possibly depending on the user’s
personal profile (see Figure 14 for an example of an emotional context, the polar bear that the
driver is being asked to save by driving efficiently). We also hypothesize that users might be,
in the short term, more motivated by financial rewards in return for points, but that symbolic
incentives might act as a better longer-term motivation to adhere to ADAS suggestions. Based
upon findings, the final solution might integrate a point system that both reflects the users’
goals and preferences as well as targeting short and long-term incentives.

Figure 14. Possible Implementation of Information with Emotional Cue/Context

Informational feedback on the driver’s behaviour will be visibly integrated into the ADAS
system so that evaluation and recap is enhanced (for a possible implementation, see Figure
15 b).

(a)

(b)

Figure 15. Examples for point based display (a), informational incentive in
evaluative context (b)

Finally, diagrams and displays will be modified so that non-linear relationships will become
more salient. For example, the Paceometer (cf. figure below) displays the usual speed
measurement (depending on the metric) as well as the time saved at different speed. It
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emphasizes that the time-saving is non-linear regarding the speed and decreases with
increasing speed. When presented to drivers, we hypothesize that this form of display may
enhance battery-friendly driving behaviour and therefore range and flexibility of the charging
process.

Figure 16. Paceometer [Pee13]

II.2.3.b. Financial Incentives
In ELECTRIFIC we define financial incentives as the special case of pricing issues between
any actor of the ELECTRIFIC ecosystem and the final customer as EFU or EV owner. The
nature of this financial incentive is only partly to distribute the cost that have been ermerging
throughout the system on the user. A different function is that the financial incentive is aimed
at steering the behaviour of the customer (part of which is demand response), be it through an
increasing price for a reserved charging slot when there is a lot of charging demand or some
reward given out by the DSO in order to support a smooth operation of the grid. Obviously,
financial incentives can be negative, i.e. in some cases also penalties might be imposed for
obstructive behaviour.
Financial incentives can be implemented in different ways as described in Section II.2.2.b that
deals with general pricing issues, not only those directed at the final customer. It differentiates
mainly between TOU, surge pricing, demand response pricing, power capping or combinations
of these. However, the pricing relationship between the end user and the other actors is
special, because of the comparably high influence of the human element.
Literature mainly differentiates between price-based and incentive-based demand response –
which is the context in which pricing issues in ELECTRIFIC should be treated as DR has the
inherent intention of influencing power demand profiles by steering the behaviour of actors.
[DUP11] states that the main difference between these two forms of DR is the involvement of
the customer – on the one hand an ongoing adaptation to dynamically changing prices, and
on the other infrequent DR events. Benefits of dynamic pricing, according to [DUP11] can be
grouped into market performance, participant financial- , market wide financial- and reliability
effects. All this is also true in the case of ELECTRIFIC even though ELECTRIFIC does not
deal with behaviour at the power line of a household or an industry site but with charging times
and places. As mentioned in the same work, European average peak load is estimated to be
reduced by 8-10% by dymamic pricing – depending on responsiveness. In California, the
average residential electricity bill might be reduced by 5.9% through dynamic pricing – again,
depending on a high general price responsiveness. For Evs, for the case of perfect price
prediction achieved 15% price reduction through price-based DR which went along with an
increase in the use of wind energy of 90%. ELECTRIFIC will analyze different options to make
prices dynamic and responsible and investigate various other incentives schemes on top in
order to find out, which approach increases best a certain price elasticity.
There is quite some literature about different pricing schemes for households and their
outcome on power consumption and overall cost. [SCH15] for instances constructs several
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dynamic electricy tariffs and evaluates them with an overall objective function using data of 33
households. However, the results are dependendable on an objective function which assumed
total price-elasticity of households. Empirical work suggests that this is not the case: in [HIL13],
for instance, an empirical test of 1000 German households over more than 2 years, the price
reaction depended on various factors like day time or week day, and the reaction to price
increases was higher than to price decreases. An interesting result of this study that might
affect the way how ELECTRIFIC builds pricing models was the observation that short-timed
high prices were more effective than longer-term moderate price steps. This supports the plan
of evaluating an incentive-based scheme (with potential less frequent ”events” against a realtime pricing scheme with frequent price changes). A ”tiring-effect” could not be detected in this
study, which may be due to the fact that the households took part in this field test voluntarily
as ”test candidates”.
II.2.3.c. Reward schemes
Actually there are no reward systems for the use of E – mobility. In future we think of
cooperation with supermarkets or car fleet operators to integrate a reward system for e
vehicles. Even possibilities in cooperating with reward systems like “Deutschlandkarte” or
PayBack might be an intesting asset in use with electric mobility.
Looking at the future there is a green point reward system possible, getting green points for
each kilowatt charged. The more renewable energy the more points are distributed. The points
can have a social impact, where it can be an award of sustainable driving and become a status
symbol. This aims to people who care about their enviromental footprint. For the majority of
the population the gained green points have the turn into a real discount, like the miles & more
programs of the airlines. Principle there are no limitations on what kind of products are
discounted, in the sense of being sustainable we should prefer green products. The theme has
the ideal preconditions to combine the hero factor with the real cash advantages under the
motto – Driving an electric car means being a hero in treating the nature gentle and saving
money. A sophisticated market can be established where different reward points can be
exchanged. Then its possible that you turn your emobilty points into a nice dinner or upgrade
of the next flight. A less sophisticated reward system is offering a product voucher with ever
charging process. This has less social impact but its easier to establish. In the sense of
sustainability the voucher should be for green products.
One successful reward system was the green point program from the austrian federal railway,
where they supported sustainable project if a defined number of points has been collected.The
collection was easely done via App and each kilometre in train was rewarded. They supported
a vary of different projects for example they reserved a field near the railway damns for goats
where they grazed and give a positive input for landscape management. These campaings
target the green soul in the particitpant.
An other program where the behaviour is steered is the EnergyCoupon. EnergyCoupon is a
coupon-based incentive program that involves real-time demand response using the Android
platform. It has the potential to reduce household usage during both peak load hours and
emergency conditions. The program involves the load serving entity, or the utility company,
and the customer. The Android application has the ability to track home usage status, control
appliances
remotely,
and
receive
real-time
demand
reduction
offers
(http://energycoupon.org/).
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II.3. The Technical Perspective
II.3.1. Technical Infrastructure
II.3.1.a. Power Grid
Power grid is a complex system that consists of many interconnected networks composed of
transformer substations, transformers, cables, generators and consumers.

Figure 17. Electricity Grid with the different voltage/grid levels [COM17]

In principle, electricity is transported from large power plants via ultra high and high voltage
lines over long distances, to be distributed in the distribution grid to the individual grid areas
and end-consumers. There are four different voltage levels:
1. Ultra-high voltage: 380/220 kV: European network.
2. High voltage:110 kV: Supply of big cities, districts and industry.
3. Medium voltage: 30/20/10 kV: Distribution grid (e.g. Bayernwerk). Smaller cities and
industrial areas.
4. Low voltage: 400 V: Supply to end consumers (e.g. households, charging stations,
commercial operations).
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Power grids are therefore divided into two general tiers: a transmission network that spans
long distance at high voltage in the order of hundreds of kilovolts (ultra and high voltage lines),
and local distribution networks at intermediate voltages in the low tens of kV (medium and low
voltage lines). An interface between different levels or sections of the power system is required
that exists at various scales throughout the power system. For this purpose, transmission and
distribution station scales throughout a power system, with the capability to switch or
reconfigure the connections among various transmission and distribution lines. The central
components of the grid are transformer substations and transformers, as they provide an
effective interface between the high and low voltage parts of the system. Circuit breakers and
switches are also crucial components in the grid. The former serve as protective device and
the latter serve as control devices.
In the future the network will receive probably the most powerful change in time through the
roll-out of the smart meter. Feeder lines and consumers provide data in different resolutions
(currently every 15minutes) from all different network levels, which makes it possible to monitor
and control production and consumption. However, as long as renewable energy cannot be
meaningfully buffered/stored, there will still be feed devices, e.g. nuclear, coal or gas-fired
power plants that make it possible to provide the base load in a timely manner.
II.3.1.b. Charging Stations (including Wallboxes)
There are different types of charging cables for charging electric vehicles. The following table
gives an short overview and a detailed explanation is found in the text below.
Table 1. Overview of Charging Cables and Connectors

Cable Type

Short description

Mode 2 v1

emergency cable works with domestic
sockets

Mode 2 v2

allows fully charge in short time

Mode 3

cable between the charging station and the
electric car

Plug type

Short description

Type 1

single phase plug with capacities up to 7.4
kW

Type 2

triple phase plug with capacities up to 43 kW

Combined Charging System (CCS)

supports AC and DC
capacities up to 170 kW

CHAdeMO Plug

specialized on the Asian market

Tesla Supercharger

proprietary system of the manufactor TESLA

charging

with

The Mode 2 charging cable for connection to an ordinary domestic socket, is often supplied by
the car manufacturer. So, if it is necessary, drivers can charge their electric cars via domestic
socket in an emergency. Communication between the vehicle and the charging port is provided
via a box In-Cable Control Box (ICCB ) that is connected between the vehicle plug and
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connector plug. More advanced version of a charing cable is a Mode 2 charging cable with a
connector for different Central East Europe (CEE) industrial sockets, such as NRGkick.
Depending on the CEE plug type cable allows you to fully charge your electric car in a short
time at up to 22 kW.
The mode 3 charging cable is a connector cable between the charging station and the electric
car. In Europe, the type 2 plug has been set as the standard. To allow electric cars to be
charged using type 1 and type 2 plugs, charging stations are usually equipped with a type 2
socket. To charge your electric car, you require either a mode 3 charging cable with connectors
from type 2 to type 2 (e.g. for the Renault ZOE) or a mode 3 charging cable with connectors
from type 2 to type 1 (e.g. for the Nissan Leaf).
Besides different cables, different kinds of plugs do exist. The type 1 plug is a single-phase
plug which allows charging power of up to 7.4 kW (230 V, 32 A). This plug is mainly used in
Asian car models and is rare in Europe, which is why there are very few public type 1 charging
stations.
Additional type 2 plugs do exist. The triple-phase plug’s main area of distribution is Europe,
and it is the standard model there. In private spaces, charging power levels of up to 22 kW are
common, while charging power levels of up to 43 kW (400 V, 63 A, AC) are usually used at
public charging stations. Most public charging stations are equipped with the type 2 socket. All
mode 3 charging cables can be used with this plug, and electric cars can be charged with both
type 1 and type 2 plugs. All Mode 3 charging cables of the charging stations have these
connectors (Type 2).
Also combination plugs (Combined Charging System, or CCS) are also available. The CCS
plug is an enhanced version of the type 2 plug, with two additional power contacts for the
purposes of quick charging, and supports alternating current (AC) and direct currnet (DC)
charging power levels of up to 170 kW. In practice, the value is usually around 50 kW.
Another plug is the CHAdeMO Plug. This quick charging system was developed in Japan, and
allows for charging powers of up to 50 kW at the appropriate public charging stations. The
following manufacturers offer electric cars which are compatible with the CHAdeMO plug: BD
Automotive, Citroën, Honda, Kia, Mazda, Mitsubishi, Nissan, Peugeot, Subaru, Tesla (with
adaptor) and Toyota.
For its supercharger, Tesla uses a modified version of the type 2 plug. This allows for the
Model S to recharge to 80% within 30 minutes. Tesla offered charging to its customers for free.
To date it has not been possible for other EVs to be charged with Tesla superchargers.
Intelligent charging stations have been specially developed for the charging of electric vehicles
in public areas and are installed by a wide range of operators - mostly local public services. In
the public space, special safety requirements are imposed on "sockets". If no charging process
is active, they must be free of voltage, for example, to prevent injuries and misuse. To prevent
manipulation of the plug-in contacts or vandalism, the sockets are usually locked and
inaccessible until a customer releases them. This release is usually done by using an RFID
card, an SMS or a smartphone app. In rare cases, AC-charging stations can also be paid by
debit card or by cash. Most mobile stations are connected to IT back-end systems for
monitoring, authorization and billing via a mobile network connection, which enables the final
release of the charging process, transfers meter readings, notifies faults automatically to the
operators, and partially indicates the status of the charging points (free / busy) at the operators
websites.
In Germany, modern stations have a Type2 socket. In the future, type 2 socket will be a
Europe-wide standard connection. Typically, Type2 sockets are currently used for a maximum
charging current of 22 kW (3-phase, 400 V, 32 A), with a public charging column usually having
two charging points.
The fast-charging of electric vehicles usually takes place at special DC charging stations (DC),
which often serve as so-called “multichargers” the different standards (CCS for European and
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American as well as CHAdeMO for Asian vehicles). These stations are bigger, more expensive
and more complex than the AC counterparts, since the chargers (rectifiers) are installed in the
station instead of in the car. At present, charging capacities of 50 kW (DC) are common. The
Tesla Supercharger now deliver about 120 kW. Corresponding fast-charging stations with 150
kW or more are to be available from 2017/18.
Because the cables require a considerably thicker cable than for 22 kW (AC), the charging
cables are fixed to the “multicharger” and can be connected directly to the car. Due to the
higher sales of fast-charging stations, they are partially equipped with EC or credit card
terminals for payment.
Charging stations for the domestic garages, car parks or underground garages, which are
attached to the wall, are called “wallboxes”. Compared to charging station columns, wallboxes
with a similar technical functionality are easier to construct and are designed for use in the
indoor areas or the protected (semi-public) outdoor areas, offering mostly only one charging
point. They are often not installed for the public use.
Ordinary household electrical outlets (Schuko) are not designed for a permanent current flow
of more than 10-12A (2.3 kW). However, large current is necessary for charging large batteries
of electric vehicles. In addition to the higher charging capacities, communication between an
"intelligent" socket (type 2) and the vehicle is established, which also makes controlling of
charging processes possible. Since this is not possible with household sockets, Schuko
sockets are loaded with so-called emergency charging cables. These cables contain an incable control box (ICCB for short) which is a control unit integrated in the cable. The ICCB
simulates the corresponding communication with the vehicle and signals the maximum
charging power of the cable or the socket to the vehicle. For simple ICCB, the maximum
charging current is mostly 10A. With high-quality ICCB, the charging current can vary between
10 and 16 A (2.3 - 3.7 kW), whereby 16A can overload the fuse.
Intelligent charging stations are equipped with a communication unit that can control and
monitor the charging process (for billing, etc.). This means that, for instance, you can integrate
intelligent charging stations into your smart home system, connect them to your photovoltaic
plant or use features such as the billing service. The communication interfaces currently used
include GSM, Ethernet, WLAN and serial interfaces such as RS485.
The number of charging stations in Europe is constantly rising. In Germany for example the
number of charging stations had increased from 4318 to 6091 within the year 2016 (cf. Figure
X). The number of charging stations is predicted to grow from 1 million in 2014 to 12,7 million
in 2020 world wide [IHS17].

Figure 18. Number of Charging Stations in Germany (2016) [CM17b]

57% of all connections at german CS are are 22kW connectors. About 9% are 55kW
connectors and about 17% are 11kW connectors. Another 17% are 3.7kW connections (cf.
the figure below).
A more detailed analysis will be provided within the market study which will be performed
later in the project.
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Figure 19. Charging Connectors by Charging Speed [CM17a]

II.3.1.c. ADAS
For the increase of comfort and safety of both driver and passengers, Advanced Driver
Assistance Services (ADAS) have been deployed in the automotive field. This development
has started in the combustion engine market and with the shift to electromobility in the future,
these assistive technologies will be used in electric vehicles (EVs) as well. Especially with EVs
which require the driver to be specifically routed to reach his destination regarding batteryfriendliness, grid-friendliness, etc.
In [ERS16], those ADAS are categorized into three groups. Firstly, the goal of crash avoidance
ADAS is to minimize the number of casualties to zero. Secondly, crash mitigation ADAS use
intelligent systems, e.g. advanced braking systems, to reduce the intensity of a crash. As third
category, protective ADAS provide maximum safety for the passengers during crashes.
Additionally, other ADAS are active after crash cases, e.g. executing emergency calls for the
care of passengers. The following list shows a few examples of ADAS that influence the
physical behaviour of a car [ERS16].
•

Anti-lock braking system (ABS) [Ada17]

•

Electronic stability control (ESC) [Ada17]

•

Autonomous cruise control (ACC) with or without brake functionality [Ada17]
[ERS16]

•

Road Departure Protection [Con17] (crash preemptive ADAS)

•

Intelligent Speed Adaption (ISA) [ERS16]

Besides ADAS which reduce road accidents by countermeasures, there are other
commercially available systems. One example therefore are navigation systems, which can be
part of a car’s assistance services or mounted to the windshield as standalone solution.
II.3.1.d. Electric Vehicles
Different types of electric vehicles (EVs) do exist. In general, one can differentiate between
Hybrid Electric Vehicles (HEVs), Plug-in Hybrid Electric Vehicles (PHEVs) and Battery Electric
Vehicles (BEVs). HEVs are a combination of traditional combustion engine vehicles and
modern vehicles using electric motors. The electric energy is generated through the braking
system of the car or by the internal combustion engine. Usually the electric motor is used for
low speeds within the city. Similar to HEVs the PHEVs are also powered by both a combustion
engine and an electric motor. The batteries can be charged by regenerative braking as well,
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but can also be charged using an external source (charging station). The combustion engine
is used to extend the range. Depending on the car type the combustion engine is either used
as a primary or secondary source. BEVs are only powered by electricity. The batteries can be
charged either by regenerative braking or via an external source (i.e. a CS).

Figure 20. Electric Cars in Europe 2005-2015 [IEA16]

The main focus of ELECTRIFIC are BEVs, i.e. when we refer to EVs in the text we primarily
mean BEVs. However, in principle ELECTRIFIC can also help to enhance the e-mobility
experience and grid-friendliness, as well as eco-friendliness of (P)HEVs.
There has been a strong increase in sales of EVs within the past few years in Europe (cf. the
figure above). Reasons for that are for example incentives provided by many governments
encouraging buyers to choose an EV. For example, in the UK the government offers 25% off
of a new EV list price (up to 5000GBP). Similarly, buying an EV in Germany is supported by
up to 4000€. Other common incentives in countries are free parking places or reduced taxes.

Figure 21. Registration of Electric Cars in 2016 [IEA16]

There is still a large difference between the different countries in Europe (cf. the figure above).
While in Norway almost forty-five thousand new EVs have been registered in 2016, a negligible
number of EVs have been registered in Bulgaria, Estonia, Lithuania, Slovakia, Romania, and
also in the Czech Republic. However, this is most likely to change in the future.
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Most car manufacturers have included EVs in their portfolio. The top ten EV manufacturers in
2015 were (in descending order): Renault-Nissan, Mitsubishi, GM, Toyota, Tesla, Ford, BYD,
The Geely Group and Volkswagen [Sch15].
The average range of an EV was 250 kilometres in 2015. This is predicted to increase to 400
until 2020. The figure below provides an overview of top ranges of different models in the year
2016.

Figure 22. Electric Cars with Top Ranges 2016 [VCD16]

A more detailed description and analysis of EVs will be provided within the market analysis
which will be performed later in the project.

II.3.2. Technical Standards
II.3.2.a. Power Grid
II.3.2.a.1. Open Automated Demand Response (OpenADR)
The most comprehensive standard for Automated Demand Response (2.0). It provides a nonproprietary, open and standardized Demand-Respons (DR) interface that allows electricity
providers to communicate DR signals directly to existing customers using a common language
and existing communication such as internet (see Figure 23).

Figure 23. Overview of OpenADR communication [Haa17]

It was initially set to be released in three versions: OpenADR 2.0a, 2.0b, and 2.0c. The first
protocol was designed for simple devices such as residential thermostats. Version 2.0b allows
for enhanced event and price scheduling and more robust. Last version 2.0c added ISO to
aggregator information exchange.
II.3.2.b. Open Smart Charging Protocol (OSCP)
OSCP protocol describes the data flow between DSO and CSP and is used to get forecasts
on the variable power cable capacity from DSO-backend or any other backend using some
prediction models. The specification of this protocol contains multiple messages which allow
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the CSP to query the available capacity of a cable connecting CS to the corresponding
transformer station.
Regarding this, the OSCP protocol does currently provide the following operation scopes that
are applicable to the ELECTRIFIC project scope:
 The CSP can demand a predicted capacity from the DSO in a specific time frame
 The DSO can provide an available – and remaining – capacity to the CSO
 The CSP can update capacity demands in real-time or a specific time frame
 The CSP can communicate an overall-requirement of capacity to the DSO
II.3.2.c. Charging Stations (including Wallboxes)
In the SAE terminology, the 240-volt AC Charge is known as "Level 2" Charge, and 500-volt
DC High-Current Charge is known as the “DC Fast Charge”. Owners can set up a Level 2
charging station at home, while businesses and local government set up Level 2 and DC Fast
Charge Public Charges that supply electricity for a fee or charge.
It can be differentiated between four modes. Mode 1 means slow charging from a regular
electrical socket (single- or three-phase) also called Schuko. Mode 2 means slow charging
from a regular socket but with some EV specific protection arrangement. Mode 3 means slow
or fast charging using a specific EV multi-pin socket with control and protection functions, and
Mode 4 means fast charging using some special charger technology such as CHAdeMO.
Additional there are three different types of connection cases. Case A is any charger connected
to the mains (the mains supply cable is usually attached to the charger), usually associated
with modes 1 or 2. Case B is an on-board vehicle charger with a mains supply cable, which
can be detached from both, the supply and the vehicle – usually mode 3. Last, Case C is a
dedicated charging station with DC supply to the vehicle. The mains supply cable may be
permanently attached to the charging station such as in mode 4.
Typical four different plug types are differentiated. Type 1 is a single-phase vehicle coupler.
Type 2 is a single- and three-phase vehicle coupler, Type 3 is a single- and three-phase vehicle
coupler equipped with safety shutters, and Type 4 is a fast charge coupler, for special systems
such as CHAdeMo
From a software perspective a standard that can be used by ELECTRIFIC is the OCPP. It is a
generic protocol which describes the data exchange between the different. It enable crossmanufacturer communications with charging infrastructure. Within the last years, the first
stable version of OCPP 1.2 is no longer supported in the market. It has been replaced with
OCPP 1.5, which is nowadays the most used standard protocol to access charging stations,
The new version 2.0 will release at the end of 2017. Two interesting functionalities have been
added to OCPP 2.0: Price information and Smart Charging. The typical wallboxes are usually
not smart, so that the owner can set his personal setting to make convenient usage and load
settings as well as access to numerous services. But some current generation of wallboxes
speaks OCPP and support the functionality of manging them e.g. KeContact P30.
II.3.2.d. ADAS
Because of the two-fold architecture of ADAS, there are electronical as well as software
standards. These provide a guideline to meet system requirements and follow a systematic
way to develop ADAS. For the software development, different template standards can be
used. Two major architecture standards for this purpose are AUTOSAR and JASPAR [Sc+16],
which follow the following two goals. Firstly, they provide a software architecture
standardization for base-software and application software [Sc+16], where the base-software
acts as connection between hardware and software. Secondly, these architecture standards
enable the reusability and portability of single modules [Sc+16].
Besides the development standards AUTOSAR or JASPAR, there are specifications for
validation and test, e.g. regarding requirements. For calibration, measurement and test, the
Association for Standardisation of Automation and Measuring Systems (ASAM) MCD [Sc+16]
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can be followed. Also, there is the Automotive Safety Integrity Level (ASIL) classification
according to ISO 26262 [Pur17]. DIN 40041 and DIN 40042 specify the terms reliability and
availability in general for products and hence can be applied to ADAS as well. In the same
matter, DIN 31000 defines safety [Sc+16].
II.3.2.e. EVs
In order to guarantee safety and other requirements of automotive systems, there have been
specified various standards and specifications. These cover both combustion engine vehicles
and EVs. The following sections shall give a rough overview on the current situation.
II.3.2.e.1. Communication standards
There is one standard for data communication within the automobile, which is the CAN bus
standard. This bus is especially important for the Electrific project, since data collection is
based on data transmission over the bus. CAN bus and for example, the Flexray bus also, are
used predominantly for data communication [Sc+16].
II.3.2.e.2. EV specific
In order to guarantee a standardized development of EVs and also enable the reusability of
EV components, further standards are defined, which aim at properties of EVs.

Figure 24. Standards for EVs, EV charging [Ree17]

Important committees for EV standardization are the International Organization for
Standardization (ISO) TC22/SC37 and the International Electrotechnical Commission (IEC)
TC69 [PTS16]. To give an overview of the currently active standards, the figure above
illustrates these regarding their context.
Regarding charging, there are multiple documents specifying both charging infrastructure as
well as technologies used for charging in the EV, such as charging modes (IEC 61851-1) or
charging connectors (IEC 62196) [PTS16].
Other standards, such as ISO 6469-1:2009, ISO 6469-2:2009 and ISO 6469 3:2011/-4:2015,
define safety specifications for EVs [PTS16]. Also test specifications are defined. Therefore
ISO 12405-1:2011, ISO 12405-2:2012 and ISO 12405-3:2014 are the equivalent documents
[PTS16].
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II.3.3. Data Flow
In this section, we will explain the data flow in the ecosystem on two levels: once between
infrastructure elements and system and once for the involved users. First, the data flow for the
systems will be described (see figure below).
Communication via BMS

EV

CSMS

Fleet EV

Commun. via OCPP

CS

CS Reservation
EV and battery information

EV Availability

CS Availability

Battery inform.

EFMS

EV Availability

ELECTRIFIC

EV Booking

Power Quality

Grid

Power / Energy consumption

Figure 25. Data Flow

Without ELECTRIFIC (black color), there is not a lot of data flow between systems. The EFMS
gets information about the EV’s availability. While charging the battery, the EV is
communicating with the CS via its BMS. Charging stations and CSMS exchange data via the
OCPP protocol. The grid side is not involved in the data flow. With the introduction of
ELECTRIFIC (blue color), we expect the data flows to change. The EVs will send EV and
battery information to ELECTRIFIC, which is forwarded to the EFO via the EFMS. The EFMS
forwards the EV availability information to ELECTRIFIC, which then can be used for booking
the EVs to the EFUs. The CSMS reports the CS availability to ELECTRIFIC, which then can
make CS reservations. Also the grid is included in the data flow, sending power quality data to
ELECTRIFIC and receiving forecasts about the power usage and energy consumption.
As as a second step, we will explain the data flows between the different users and the
ELECTRIFIC system. It is not the aim of this section to describe the internal functionality of the
ELECTRIFIC system but how they interact with external actors. The three principal actors or
users that interact with the ELECTRIFIC system and that are considered in this data flow
analysis are the EV Fleet Operator (EFO), the EV user (EVU) and the Charging Service
Provider (CSP). The EFO is responsible for providing current fleet data to the system. For this,
the EFO can get and provide specific information about the EV, like status, usage, type,
general or latest data. The EFO can also provide booking information to the ELECTRIFIC
system. Furthermore, the EVU interacts with the ELECTRIFIC system. The first step and data
flow to use the ELECTRIFIC system are the login information of the user. During the drive
preparation, the user can provide information about the locations, activities, duration of those
events and charging procedures to the system. The user can also get a list of activities from
his planned or current trip, or from past use of the system. The app also gives information to
the user so he can find an optimal type of route based on certain criteria like distance, time
and efficiency of energy use with the aim. The user can also inform the system to cancel a
particular trip. Among other responsibilities of the CSP is to work as a gateway between the
different DSOs by providing grid information and power availability to the ELECTRIFIC system.
With this information, the CSP can provide predictions of available power, the amount of
renewable energy and forecasts of charging station availability. It also provides data about the
charging stations, like connector types, capacity loads, and proximity of charging stations, as
well as request and management of reservations, including cancellations.
More details will be shown in D3.1 and D3.2.
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II.4. The Legal Perspective
II.4.1. Energy/Electricity Legislation
Electricity and energy sector of EU countries are mainly controlled by legislation, e.g. in
Germany primarily by the EnWG, in Spain mainly by Act 24/2013. Electric vehicles (e.g. in
Germany: according to §14a EnWG) can be considered a controllable consumption device.
Withdrawal of electricity is measured by a meter reading measuring system as soon as an
interruptible consumption device is equipped with an intelligent measuring system. These
meter readings are also accounted. The question of a load profile for controllable consumption
devices no longer arises after availability of the intelligent measuring system. In the case of a
controllable consuming device, only the process for the energy billing (meter reading instead
of the load profile) is changed by usage of intelligent measuring systems. The remaining
regulation still remains (reduced grid usage fees by providing controllability, etc.). Whether
future control of the consumption equipment is based on meter reading is still open. However,
a development in this direction is realistic and involves a change in the grid fees for controllable
consumption devices in this context.
End consumers require a grid connection contract, a grid usage contract and an energy supply
contract in order to retrieve electrical supply (see section II.2.1.). For Small consumers, these
contracts are usually combined in the so called “All-in-One” contract. The energy supplier has
only one type of contract for a lot of different customers (all households have a 30kW grid
connection and no special measuring point) and the DSO obtains the grid usage directly from
the energy supplier. For large consumers it can happen, that there is an individual grid
connection, grid usage and energy supply contract. This is usually the case if they operate a
grid connection on medium voltage level. Due to the individual power demand, it is possible to
negotiate special grid usage fees. Operators of multiple charging stations are not covered by
that regulation, as they have multiple grid connections and are usually connected to the low
voltage grid.
In addition to consumer regulations there are regulations for energy feed-in. Renewable energy
feed-in to the distribution grid is covered by legislation, e.g. in Germany: the “ErneuerbareEnergien-Gesetz (EEG)”. Besides the feed-in contract (see section II.2.1.), grid operators can
conclude a measuring point and a billing contract with the in-feeder. This contract usually
includes the measuring task, the measuring point operation and the billing. For electric energy,
gained from renewable energy sources, a physical offtake obligation by the grid operator
exists. More information on this topic can be found in deliverable D9.2.
The balancing group contract is a contract, which is concluded between the balancing group
officer (e.g. energy supplier, industry with own energy procurement or distribution system
operators with more than 100.000 customers) and the transmission system operator (TSO).
The European guidelines for this is ENTSO-E. A balancing group is a virtual energy
management account for electricity and gas. With the help of these balancing groups, the
constant balance between energy production and consumption is ensured. The balancing
group officer must ensure with most precise prediction, that within every quarter hour the total
sum of feed-in and energy withdrawal is balanced. In case of under or oversupply due to
inaccurate prediction, undersupply is charged and oversupply remunerated. The basis for the
calculation is given by the costs of the transmission system operators in order to procure the
required control energy. Undersupply of one balancing group can be compensated by
oversupply of another balancing group without the need to pay the working price of additional
control energy. The remuneration of the oversupply can also be negative, if the overall energy
in the grid is higher than the overall consumption. The regulation of the compensation between
the balancing groups is given, e.g. by the “Netzregelverbund” (NRV), in Germany.
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II.4.2. Data Privacy Legislation
In ELECTRIFIC, data protection needs to be considered in order to prevent privacy violations
(for more information also see D10.1). For various software components though, data such as
global positioning system (GPS) coordinates and user identification need to be collected and
shared between services. This for example, is the case with a potential EV booking
functionality of ELECTRIFIC, which might be used to provide users with EVs at certain
locations. To give a short overview on the legislation in the trial countries, namely Czech
Republic, Germany and Spain, the following paragraph provides more information.
For the Czech Republic, personal relatable data needs to be anonymized in the following two
ways: On one hand, a randomly generated customer identifier (ID) can be used, which is then
legally completely anonymized. On the other hand, a pseudonymous customer ID is also
applicable. This ID is created with a pseudonymization process, so it cannot be assigned to an
individual without additional information. In Germany, anonymized data is information that
cannot be related to a person. GPS-data (as collected in the EVs) is person-related data. For
example, the customers of E-WALD have to specifically agree that THD is collecting, saving
and processing their data. As long as this information is only analyzed by THD, ELECTRIFIC
is consistent with the german law concerning privacy. In the case of Barcelona, Spain, the
number of citizens is high enough so that GPS data is not relatable to a single person anymore.
This way, data such as GPS coordinates can be collected from data sources in Barcelona
without restrictions.
Between the project partners of ELECTRIFIC, there is no limitation to forward collected data.
Also, all recipients have to declare that they are aware that any received data with the
pseudonymous customer ID has to be treated as personal data and they have to ensure their
protection in accordance with Directive 95/46/ES (and GDPR) and with national legislation for
the proection of personal data.

II.4.3. Electric Vehicle Legislation
In different EU countries, different programs are in place in order to support and promote emobility. For example in Spain a directive is implemented, which promotes e-mobility by
subsidizing the enlargement of the EV fleet and improving the CS infrastructure. More details
on this directive will be provided in the Barcelona trial scenario (section III.3.) and in deliverable
D9.2 Other incentives at local or regional level also exist, such as circulation tax exemptions,
reduction on fees (tolls, parking...), tax credits, access to HOV lanes (High Occupation
Vehicles) and to zones with restricted traffic zones (as environmental/low emissions zones),
etc. For example, the German government offers possibilities to cities for a parking-advantage
of EV-owners. Theoretically free parking in the inner part of cities is allowed, but latest research
on this topic by journalists show, that only 4 out of the 20 biggest cities in Bavaria offer such
an advantage. Many EU countries, including Spain, Germany and Czech Republic are running
similar programs, which will be investigated with more detail in deliverable D9.2
Concerning parking at a public charging stations, the EV can be towed away, if the EV is not
connected to the CS and the place, where the CS is located, is e.g. a general no-stopping
zone. In a latest verdict a driver of an EV was not able to connect his EV to that certain charging
station, as one socked was already in usage, and the other socket was not fitting to his EV. In
that special case the parked EV was towed away and the EVO had to pay the costs. Generally
speaking there is no legal framework or law, which allows owners of CS or EVUs to tow
(combustion) cars at public charging stations. Only on private ground those cars can be towed
away without a legal issue. If charging stations are only for EVs (regulated by a sign) the
combustion cars might be punished and have to pay an immediate fine. But this likely never
happens, as there is no law which deals with this case and the decision is always made by the
local authorities.
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II.4.4. Environmental Legislation
Due to great pressure to improve the quality of the environment, there is an increasing interest
in building zones where the entry of air pollutants is restricted or totally prohibited. There are
areas marked as a low-emission zone (LEZ) or zero-emission zone (ZEZ). A low-emission
zone is a defined area where access by certain polluting vehicles is restricted or banned. Zeroemission zone is a defined area where only zero-emission vehicles are allowed. In such areas,
all internal combustion engine vehicles are banned; this includes hybrid vehicles. Over 220
cities and towns in fourteen countries around Europe operate or are preparing low-emission
zones to help meet EU health-based air quality limit values. Typical LEZ requirements include:




A ban on higher emission vehicles - Vehicles below a certain EU emission level are not
allowed to enter the LEZ.
Retrofit options - Vehicles’ emission ratings can be upgraded by a retrofit with an
emission control device (such as a diesel particulate filter).
Charging schemes - Higher emission vehicles may be charged a fee to enter the zone,
while vehicles meeting a certain minimum Euro level enter for free.

Increasing pressure on emission reductions leads to considerations over the establishment of
ZEZs where only electric vehicles would be allowed to enter. At present, such zones are not
introduced, but considerations about their establishment are becoming more up to date, for
example: A Polish newspaper has reported that the Ministry of Energy wants to introduce low
emissions zones in cities where only electric vehicles could enter. The mayor of Paris plans
limit select streets to electric cars by 2020. Representatives of the Czech National Park
Šumava are considering the possibility of making otherwise forbidden roads accessible to EVs.

II.4.5. Battery Legislation
EV batteries contain various chemical compounds and thus, environmental laws have been
initialized. Currently, EV batteries are not completely recycled and some compounds end up
in a slag which gets in contact with the environment. Thus, EV batteries need to be further
developed so that their compounds can be completely recycled. With this in mind, Directive
2006/66/EC gives a guideline in waste management.
Besides national and international laws, also additional standards have been established. The
life cycle assessment is specified in ISO 14040 to ISO 14043. These standards contain
specification on the principles and framework (ISO 14040), the goals and scope of inventory
analysis (ISO 14041), investigation on a system (ISO 14041), life cycle impact assessment
(ISO 14042) and life cycle interpretation (ISO 14043).

II.4.6. Charging Station Legislation
The construction of a charging station is regulated in the construction law. Depending on the
state and technical specifications (power capacity, etc.) the placement of a charging station is
a subject to approval or not. In some cases there is only a disclosure requirement. There is
also a difference if the station is used internal (private) or external (commercial). Especially
fast-charger are often a subject to approval. In general it’s a good advice to contact the local
authorities before establishing a charging station.
Through the implementation of RL 2014/94/EU – strategic guide for “clean energy in traffic”
the governments of the European state members are streamlining their laws to foster the
dispersion of charging infrastructure. In Spain laws defining the regulatory framework around
EVs, especially regarding its relation to the electric grid, are the ITC-BT 52 (RD 1053/2014)
which regulates the parameters about the installation of a charging station. More information
can be found in deliverable D9.2.
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III. TRIAL SCENARIOS
In the previous section the ELECTRIFIC ecosystem was described generically. In the following
the ecosystems of the three trial sites will be described in the concrete setting providing a
better understanding of how the ELECTRIFIC solution can be applied in the different trial
environments.

III.1. E-WALD Scenario
The E-WALD trial includes the E-WALD company and customers located in Bavaria, Germany.
Both fleet as well as EV user experiments will be executed within the trial. It is the main trial to
include psychological experiments.

III.1.1. Stakeholder
In Chapter II.1 stakeholders of the ELECTRIFIC project were presented in a generic form. In
the following the concrete primary stakehoders, their business models, goals and interactions
are described for the specific case of the E-WALD trial. The figure below provides an overview
of the stakeholders and their hight level interactions.

Figure 26. Overview of the Stakholder Interactions within the E-WALD Ecosystem

EVO: The goals of EV owners are to reduce EV charging and ownership costs, and to increase
the attractiveness of (driving) an EV. As explained earlier ELECTRIFIC can help to fullfill these
goals by offering battery and grid friendly charging which can reduce the cost of charging and
ownership, as well as by offering the EVO a software solution which helps the user to
seamlessly intergrate the charging process into the every day activities. In the E-WALD trial
these aspects will only be tested on a theoretical and business oriented basis. However, EV
owners are additionally considered to analyse the effect of private charging on the grid. It might
for instance be the case that people having wallboxes at home, tend to charge their cars all at
the same time when they arrive home from work. This would have a large impact on the grid.
EVOs that will be considered in this trial are located in the area of Friedrichshafen (BadenWürttemberg), Regen, Eggenfelden, Pfarrkirchen, Deggendorf, Furth and Passau (Bavaria).
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Furthermore, E-WALD (the CSP) offers private owners the possibility to charge at their CSs
for a fee. However, this will not be considered in this trial apart from taking into account the
blocking of CSs by these users.
EFU: EV fleet users that are considered in this trial are the customers of E-WALD (external
EFUs) and the employees of E-WALD (internal EFUs). Customers of E-WALD can be divided
into short-term and long-term users. The latter are defined as customers that rent a car for
more than three days in a row. In general different customer groups can be identified, namely
tourists, commuters, owners of a second car per household and students.
Similar to the EVO the EFU, has the goal to reduce EV charging and ownership costs and to
have an increased EV experience. However, compared to the EVO the first two are of less
importance depending on the business model of the EFU. If costs of charging or costs of
ownership are not directly passed on to the EFU, which normally is the case nowadays, then
the user is usually less inspired to change his/her charging behaviour. ELECTRIFIC can help
to fill this gap by offering incentives for battery/grid friendly charging to the user, where he/she
can immediately see an impact. EFUs of E-WALD are one main target group to perform
psychological analysis on. The effect of different psychological incentives proposed to the
EFUs will be tested here. Additionally the ELECTRIFIC ADAS will be tested, helping to
enhance the EV experience for the EFU and EVO.
EFO: The EV fleet operator in this trial is E-WALD. As described in more detail in D8.1 EWALD provides a fleet of EVs which can be rented in form of ecarsharing or long-term
perspective. E-WALD provides more than 16 different models of EVs.
The goal of the EFO (E-WALD) is to reduce EV charging and ownership costs and to increase
the potential customer base. Again ELECTRIFIC helps to fullfill these goals by offering battery
and grid friendly charging possibilities and by making EVs more attractive. To this end, the
effect of the ELECTRIFIC fleet management being used by the EFO will be analysed in the
E-WALD trial, which helps to manage battery/grid friendly charging processes within a fleet.
CSP: The charging service provider in the E-WALD trial is also E-WALD itself. The service is
applied to charging stations owned by E-WALD but is also offered to external customers. Such
customers could for example be communes or local businesses.
Charging service providers have the goal to increase the potential customer base. For this
purpose increasing the EV attractiveness and offering additional services (like e.g. battery
friendly charging) is of interest. For the latter, the ELECTRIFIC software solution provides
battery and grid friendly charging options, helping to fullfill this goal. In the E-WALD trial these
new possibilities ELECTRIFIC will offer to the CSP will be considered only from a theoretical
and business oriented point of view.
CStO: The charging stations considered in the E-WALD trial are all owned by E-WALD itself.
The charging station owner has the same high level goals as the CSP. Also here the CStO will
only be considered in the E-WALD trial from a theoretical/business oriented perspective.
CSMSD: The charging station management system developer in the E-WALD trial is Has-tobe (HTB) which is also one of the project partners. They develop the CS management system
for all charging stations owned and/or serviced by E-WALD.
The charging station management system developer has the goal to extend the potential
customer basis and to be compatible with many standards and technologies. ELECTRIFIC can
help to fullfill this goal by creating standards and the agnostic data layer. HTB will adapt their
solution acting as a proof of concept.
DSO: The charging stations operated by E-WALD are connected to low voltage grids operated
by different DSOs. One DSO who also is in the ELECTRIFIC consortium is Bayernwerk.
The goals of the DSO are to decrease grid enhancement costs, secure a stable grid, utilized
local renewables and to optimize the distribution of the grid capacity. ELECTRIFIC will help to
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foster the understanding of the repercussions from e-mobility on the grid. For this purpose
smart metering devices will be installed in the E-WALD trial, enabling a deeper analysis.
ES: E-WALD has contracts with multiple energy suppliers. Currently the contracts all
guarantee a 100% use of renewable energy. However, as it cannot be guaranteed from which
source the energy for the CSs is actually coming from, the real percentage of using renewable
energy can still be improved by the use of ELECTRIFIC and the inefficient use of energy
storage facilities can be minimized.
The goal of the energy supplier is to increase their profit/revenew by increasing their potential
customer base, and lowering their cost. For the latter the forecast of energy consumption is of
interest as the earlier the consumption is known the cheaper energy can be bought on the
energy markets. ELECTRIFIC can help to this concern. However, this potential is only
analysed on a theoretical/business perspective in the E-WALD trial and not actively tested.
RESG: There are no renewable energy source generators located localy nearby the CSs and
therefore the direct use of renewable energy is not a perspective of the E-WALD trial. However,
the increase of using renewable energy coming from the grid is part of this trial.
BL: E-WALD is leasing most of the batteries together with the EVs. The battery leasing
companies are the EV manufacturers/retailers, like Nissan, Smart or Renault. The BL have the
goal to reduce costs by having a longer battery lifetime and to increase profit by offering
additional services. ELECTRIFIC can contribute to both goals, however, in the E-WALD trial
this is only considered on a theoretical/business oriented perspective.
LB: Local Businesses or communes are customers of E-WALD, where E-WALD takes the role
of the CSP. Local businesses want to increase their profit by increasing their potential customer
base through offering charging services nearby. From a business perspective this is a
fundamental topic which allows many options for incentives in ELECTRIFIC (e.g. coupons for
shops nearby). However, in the E-WALD trial, this is only considered in theory.
ESP: As explained in Chapter II.1, the concrete business model of the ESP is not yet defined,
but will be part of the exploitation activities of the ELECTRIFIC project. In the E-WALD trial the
ELECTRIFIC software solution will be hosted by GFI, and will be provided to E-WALD
customers and employees through E-WALD.

III.1.2. The Socioeconomic Perspective
As described in Chatper II.2, different pricing options can be applied in the context of
ELECTRIFIC. Currently it is planned to analyze these options theoretically. A foundation for
this are the current contracts existing between the primary stakeholders in the E-WALD trail.
In the E-WALD baseline trial scenario, there are six main contracts which are considered
relevant for application in the context of ELECTRIFIC. The first contract is between ES
(Innenergie, Stadtwerke, etc.) and CSP (E-WALD). Both enter into a long-term contract (1236 months) in which the ES agrees to deliver an unlimited amount of energy. Payment for this
service is done in €/kWh by the CSP. E-WALD also has a 100% renewable energy agreement
in their contract with the ES. The second contract is established between CSP (E-WALD) and
EVO (customers). EVOs can either pay a yearly flat rate, which is a fixed price in €, choose a
prepaid tariff or pay for the charging time in €/min. The third contract is between CSP (E-WALD
or others) and the EFUs, which are either the E-WALD customers (external) or the E-WALD
staff (internal). Currently, charging with the E-WALD CSP is included in the EV rental fee for
the EFUs (flat rate). Due to a roaming agreement between E-WALD CSP and other CSPs,
EFUs can charge at other CSPs when paying a certain rate, which is either €/kWh or €/min.
The fourth contract handles the relation between CSP (E-WALD) and the CStO. If the CS
belongs to E-WALD, meaning E-WALD is the CStO, there is no specific contract. In case the
CStO is a local business, like a commune, CSP (E-WALD) typically manages the CS and
covers parts of the charging process. Currently, this contract is a modular construct. The CStO
pays an amount of money in € and the CSP (E-WALD) therefore handles the CS management
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and maintenance. This often includes the payment and also contracting with the ES. The fifth
contract frames the relation between the EFO and the EFUs. The E-WALD customers, the
external EFUs, pay an hourly or monthly rate for EV rental. The sixth type of contract is the
battery leasing contract between EFO (E-WALD) and the company, which is offering the
battery, the BL. In some cases, the battery is leased together with the EV, the BL is also the
EV manufacturer, and sometimes separately and directly from the battery manufacturer.
Some contracts might be adjusted or added for the ELECTRIFIC vision. For example, the flat
rate payment for EV charging between CSP (E-WALD) and its customer could be neglected in
the future. Another contract type which could be influenced is the contract between CSP (EWALD) and external CStO. Currently, the CStO is paying the CSP for managing the CS. In
future, it could be the case, that business model and contracts change and that the CSP has
to lease the CS from CStO. If ELECTRIFIC is able to significantly improve the battery life, this
could influence the battery leasing contracts between EFO (E-WALD) and the leasing
companies.

Figure 27. Contracts between the Primary Stakeholder in the E-Wald trial

As previously mentioned different kinds of incentives will be tested in the E-WALD trial. Those
span from the before mentioned (cf. Chapter II.2.3) symbolic appeals, over financial incentives,
to reward schemes.

III.1.3. The Technical Perspective
As described in more detail in D8.1 the EV fleet of E-WALD consists of more than 200 EVs.
These are of different brands like Tesla, Renault, Peaugout, Citroen, Nissan, Mitsubishi, Opel,
Smart, VW, or BMW. A subset of these will be used in the E-WALD trial.
More than 50 cars are equipped with android tablets installed by THD. The tablets collect GPS
and other data coming from the CAN BUS using the inatronic adapter and also offers the driver
additional services like showing estimated remaining driving range etc. In the E-WALD trial the
technology used by the tablets will also partially be adopted by the ELECTRIFIC software
solution.
E-WALD operates more than 200 public charging stations. By the time of writing this document
none of them are reservable, however, this is planned to be available soon, and will be
available for the E-WALD trial. The charging station management software is provided by HTB.
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For each charging station two parking places are available. As described in Chapter II.3
different charging connectors (e.g. CHAdeMo, Typ2, etc.) do exist. As not all cars are
compatible with all connectors this fact needs to be considered when proposing CSs in the
ELECTRIFIC software solution for the E-WALD trial.
The booking and management of EVs of E-WALD is done via Flinkster. Flinkster does not offer
possibilities for extending its system by 3rd parties. However, information stored and managed
by Flinkster (e.g. which cars are available at what time) is important input for ELECTRIFIC and
therefore a solution should be found on how to import this information to the ELECTRIFIC
software solution for the E-WALD trial.
Parts of the Grid to which the CSs are connected belong to Bayernwerk. In order to monitor
the power quality in the grid and to analyze effects and changes in the grid smart meters are
installed. Within the E-WALD trial 15-20 PQI-DA smart smart meters are installed on different
parts of the grid to analyze and monitor the effect of ELECTRIFIC and electromobility on the
grid.

Figure 28. Overview of the Data Flow in the E-WALD Trial

In the E-WALD trial information coming from different sources, having different legal owners is
used. An overview is provided in the figure above.
ELECTRIFIC retrieves infromation about the car including the GPS data either from the THD
tablet, in which case THD is the legal owner or from the user smartphone in which case EWALD could be the legal owner (if E-WALD is in the role of the ESP). The charging station
data, like reservations, connectors, etc. is owned by the CSP which in this case is E-WALD
and can be derived via the CSMS provided by HTB. As mentioned previously the car sharing
data is managed by Flinkster. E-WALD has access to it. However, GPS data for instance is
personal information and legaly is only accessable by Flinkster. For that reason the GPS data
is not retrieved via Flinkster.

III.1.4. The Legal Perspective
As mentioned in Chapter II there are several legal constraints and laws related to the German
electricity market in which the E-WALD trial is located. In the E-WALD trial these only affect
the theoretical and business related topics. When looking at cascading pricing options, it is for
example of relevance that the DSO currently is being paid by the BnetzA, which ultimately
limits the freedom of cascading pricing options from the DSO to the ES or CSP.
From the legal perspective it is also interesting to analyse the behaviour of parking guarantees.
The parking spots at the charging stations are determined and reserved for CS users.
However, legally it is the case in Germany that one is allowed to tow a car away if it is parked
illegally, but E-WALD would need to pay for it. This can be considered as a problem in cases
where the ELECTRIFIC software solution is actually suggesting to charge at a CS which is
blocked by another car and the battery range of the EV is not enough to bring the ELECTRIFIC
user to another CS.
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Also the ownership of personal data, and data privacy is of relevance. As mentioned previously
the GPS data which is stored by flinkster is not accessable by E-WALD and therefore the
ELECTRIFIC software solution needs to get the GPS data via another channel. Also for
(psychological) questionaires data need to be anonymized in order to fullfill legal requirements.
Laws concerning restricted areas for EVs or batteries (e.g. recycling) are of interest for the
analysis of battery-friendly charging being performed in this trial and also for topics of pricing,
incentives and business models.

III.2. e-Sumava Scenario
The e-Sumava trial is located in the national park Sumava, Czech Republic. The trials include
cross boarder analysis, the inclusion of local renewable energy sources for charging and local
businesses.

III.2.1. Stakeholder
In the following the concrete primary stakeholders, their business models, goals and
interactions are described for the specific case of the e-Sumava trial. The figure below provides
an overview of the stakeholders and their height level interactions.

Figure 29. Overview of the Stakeholder Interactions within the e-Šumava Ecosystem

EVO: EVOs are in the e-Sumava trial usually tourists or accidentally passing drivers. The area
of the National Park Sumava is very sparsely populated and also with very few charging
stations. EVOs’ goal is to plan their trip so that it was possible to take the electric vehicle.
ELECTRIFIC will help meet this goal, including the ability to plan a cross-border journey, which
is complicated due to the language barrier and the unfamiliarity with the foreign environment.
EFU: EV fleet users that are considered in this trial are the customers of the e-Sumava rental
network (external EFUs) and the employees of e-Sumava (internal EFUs). Customers of eSumava rent usually EVs (e-cars, e-scooters, and e-bikes) for one or two days. In general,
customers are tourists of the National Park Sumava. The goal of EFU is to travel with an electric
vehicle and plan a route to points of interest in Sumava region without any inconvenience. EVs
are not yet widely used in the Czech Republic and few people have a personal experience with
them.
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ELECTRIFIC will help EFU to plan an interesting trip and will get rid EFU of the fears or the
risk of not being able to charge the EV (avoid range anxiety).
EFO: The EV fleet operator in this trial is e-Sumava. As described in more detail in D8.1 eSumava is running EV rental network in the region of the National Park Sumava, in the Czech
Republic.
The goal of the EFO (e-Sumava) is to reduce EV charging and ownership costs and to increase
the potential customer base. ELECTRIFIC helps to fulfill these goals by offering battery and
grid-friendly charging possibilities and by making EVs more attractive. To this end, the
ELECTRIFIC Fleet Management System for EFOs will be tested and analyzed in the eSumava trial, which helps to manage battery/grid-friendly charging processes within a fleet.
CSP: The charging service provider in the e-Sumava trial is also e-Sumava itself. The goal of
the service is to attract more visitors using EVs (EVO) or visitors of the tourist area who are
interested in testing EVs (EFU) via offering a good quality charging service. ELECTRIFIC
software solution provides battery and grid-friendly charging options, helping to fulfill this goal.
Due to the availability of a charging station powered by local renewable sources, the
ELECTRIFIC solution will also contribute to maximizing the use of this resource.
CStO: The charging stations considered in the e-Sumava trial are owned by B64. The charging
station owner has the same high-level goals as the CSP. Moreover, the goal of CStO (B64) is
also to present a high-level technology using RES for charging stations in practice.
ELECTRIFIC will help achieve this goal by attracting more users to this service.
CSMSD: A charging station management system in the e-Sumava trial has not been chosen
yet. Once selected, it will be possible to integrate it into ELECTRIFIC trials.
DSO: The charging stations operated by e-Sumava are connected to low voltage grids
operated by CEZ Distribuce.
The goals of the DSO is to decrease grid enhancement costs, secure a stable grid, utilize local
renewables and to optimize the distribution of the grid capacity. ELECTRIFIC will help to foster
the understanding of the repercussions from e-mobility on the grid.
ES: Contracts for energy supply are concluded with the companies on whose land the CSs are
installed (Chata Rovina and the National Park Sumava) and the prices are further re-invoiced
to CSP (e-Sumava). These are standard contracts for companies.
The goal of the energy supplier is the same as described in the previous chapter E-WALD trial.
It means especially to increase their profit and lowering their cost.
RESG: One charging station in e-Sumava trial is powered by local renewable energy source
generators (photovoltaic and wind generator) located close to the CS and therefore the direct
use of renewable energy is a part of the e-Sumava trial. ELECTRIFIC will help to maximize the
usage of this source due to optimization of charging procedures for EFO (charging scheduler),
EFU and EVO (trip planning).
LB: Local Businesses or communes are partners and/or members of the e-Sumava rental
network.
Local businesses want to increase their profit by increasing their potential customer base
through offering charging services nearby. From a business perspective, this is a fundamental
topic which allows many options for incentives in ELECTRIFIC (e.g. discounts in restaurants).
However, in the e-Sumava trial, charging at CSs is for free so, for now, it can be taken into
consideration only theoretically.
ESP: As explained in Chapter II.1, the concrete business model of the ESP is not yet defined,
but will be part of the exploitation activities of the ELECTRIFIC project.
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III.2.2. The Socioeconomic Perspective
Same as in the E-WALD trial, different pricing options can be applied in the context of
ELECTRIFIC. A foundation for this are the current contracts existing between the primary
stakeholders in the e-Sumava trial. Currently, the following contracts enter into economic
relations:
a) CSP (e-Sumava) buys electricity from ES (CEZ Prodej) (cf. the figure below)
The contract is based on a standard rate for companies in CZK/kWh (energy
consumption) plus fixed CZK monthly fee for reserved power CZK/kW (energy
capacity). The contract also includes rates for distribution and other fees (in particular
RES support fees). The primary contract is concluded between the land owner (Chata
Rovina, National Park Sumava) and ES. The price is re-invoiced to CSP.
b) CSP (e-Sumava) leases CSs and RES from CStO (B64)
Both CSs of E-Sumava and RES are leased from B64. The contract is based on fixed
monthly fee in CZK so the amount of energy delivered is not taken into account.
c) Contract between EVO/EFU and CSP (e-Sumava)
EVO and EFU can charge his/her EV for free at CSs so everyone passes the area can
charge the EV freely.
There is a plan to change this business model but currently, the free charging attracts
more tourists to the region. CSP (e-Sumava) has a profit from members of its rental
network (hotels, restaurants, shops …) through fees paid for membership in the
network, while network members simply have more customers.
d) EFO (e-Sumava) rent EVs to its customers (EFU)
EVs are rented for a daily rate in CZK. As a part of the contract, EFU can charge for
free at e-Sumava CSs network. There is also a possibility for EFU to borrow RFID card
to charge for free in E-WALD network.

Figure 30. Contracts between the Stakeholder within the eSumava Trial
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At the horizon of several months, we anticipate the entry of other stakeholders having CSs into
mutual relationships which could be taken into account for ELECTRIFIC. As we know from
personal meetings between representatives of e-Sumava and CEZ, CEZ Group plans to build
several charging stations in the region. Also, some partners of e-Sumava (mainly members of
e-Sumava rental network) are considering installing of wall boxes in their locations.

III.2.3. The Technical Perspective
As described in more detail in D8.1 the EV fleet of e-Sumava consists of e-cars, e-scooters,
and e-bikes. Currently, e-Sumava operates 3 e-cars, 4 e-scooters and 30 e-bikes.
Currently, there are very limited possibilities of online data collection from e-Sumava fleet. We
can read internal data from e-cars only when the car is not running. GPS data can be collected
by any mobile application if the EFU uses it.
In order to install the tablet in the e-cars, as in the E_WALD trial, we need approval from the
TUV authority. This approval from the TUV organization has not yet been secured due to law
limitations in the Czech Republic. But we still can read data from the CAN BUS offline.
Batteries in e-scooters are not removable or otherwise accessible without a consent of their
owner (E.ON). The e-scooter manufacturer has begun working on developing an interface that
will allow data to be recorded during driving to be read in wifi-accessed locations or when
connected via USB. The solution should be available in late summer 2017.
E-Sumava operates two CSs both equipped with two Type 2 (Mennekes) sockets and one
Schuko connector. One CS is equipped with OCPP protocol 1.5 and can be monitored online.
The booking and management of EVs is done via proprietary web solution of e-Sumava. The
interface between this system and ELECTRIFIC is possible via API which is under
development in ELECTRIFIC (WP5).
Parts of the Grid to which the CSs are connected belong to CEZ Distribuce. In order to monitor
the power quality in the grid and to analyze effects and changes in the grid, we entered into
negotiation with CEZ. As CEZ is not a partner of ELECTRIFIC, it is not yet certain whether
CEZ will install the required devices and provide measured data to ELECTRIFIC.

III.2.4. The Legal Perspective
From the legal point of view, it is difficult and expensive for the CSPs to trade electricity on
their own in the Czech Republic. For ordinary owners of charging stations, it is easier not to
trade electricity and offer a different service that already includes the cost of electricity supplied.
A suitable business model is under investigation.
From the legal perspective, it is also interesting to analyze the behavior of parking guarantees
similar as in E-WALD trial. Within the ELECTRIFIC project, it will be necessary to find a solution
to the situation where EV blocks without justification the place reserved for charging.
However, dealing with collected GPS data will not be a problem if stored in anonymized or
pseudo-anonymized form. The pseudo-anonymized data must be protected as sensitive
personal data. Also for (psychological) questionnaires data need to be anonymized or pseudoanonymized in order to fulfill legal requirements.

III.3. Barcelona Scenario
In Barcelona there are going to take place two trials in the framework of the ELECTRIFIC
project. One related to the electrification of the fleet of the public transport network company
in the city (TMB) and the other with Motit, one of the e-scooter sharing system companies that
operate in Barcelona.
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As the legal framework affecting electric vehicles and electric market in both cases is similar,
we introduce at first this part, and add the sections regarding each one of the trials separately
further on.

III.3.1. Bus Trial
III.3.1.a. Stakeholder
The concrete primary stakehoders, their business models, goals and interactions for the
specific case of the TMB – bus company trial are described below. The figure below provides
an overview of the stakeholders and their high level interactions.

Figure 31. Overview of the stakeholder interactions within the TMB ecosystem

EFU: EV fleet users that are considered in this trial are the bus drivers themselves, which are
the employees of the company (internal EFUs).
EFUs receive special training for driving new electric buses, as they have been driving
conventional fuelled buses since now. Their goal is to drive their routes safely affecting the
less as possible the quality of service offered to commuters, as it is their professional duty.
That will include following company’s indications regarding the way of driving, the way to
proceed for charging and, obviously, the planning of the routes, including the stops for
charging. ELECTRIFIC’s charging scheduler can help to make this planning, and also offer
incentives for battery/grid friendly charging to the company, in which the user (driver) will be
directly involved. The project can also help to study battery heath parameters while driving and
charging, and so offer recommendations for enlarging batteries life.
EFO: The EV fleet operator in this trial is TMB. As described in more detail in D8.1 TMB is a
public transport network company which managed the public transport grid (Metro and internal
buses) in the city of Barcelona. The main goal of the EFO (TMB) is to offer a more sustainable
transport network for Barcelona commuters, keeping its position of one of the cleanest
transport fleets in Europe. For this purpose, TMB is planning to increase their fleet
significatively in the very next years. ELECTRIFIC can help the company to make the
scheduling of the charging processes of the new electric buses (and those expected to be
incorporated since now) offering an scheduler able to plan the routes and charging of these
buses taking into account the overall fleet. The scheduling must consider the minimum of
interferences with the quality of the service offered, and reduce EV charging and ownership
costs. ELECTRIFIC can help to fullfill these goals by offering battery and grid friendly charging
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possibilities. To this end, the management system being used by the EFO will be analysed
with the project in the TMB buses trial, and a Charging Scheduler and a Smart Charger will be
provably be installed, in order to manage battery/grid friendly charging processes within the
fleet.
CSP: The charging service provider in the TMB trial is for the slow charging mode (stations
located in their garage) TMB itself. The service is exclusively used by TMB busses.
In the case of the fast charging station, located in the street at the end of one of the routes, the
charging service is offered by Endesa, and it is exclusively offered for TMB buses.
Charging service providers have the main goal to cover energy needs for EV users (as they
are covered when they use conventional fuelled vehicles) without affecting too much their
everyday planning, helping to spread EVs as an interesting mobility alternative. Subsequently,
they have the objective to provide good quality energy without affecting the quality of the grid
itself. They can offer additional services: For instance Endesa gets from the CS the information
from e-buses while charging (SOC level, etc.) and re-sends this information to TMB.
ELECTRIFIC software solution can provide battery and grid friendly charging options, helping
to fulfill this goal.
CStO: All the charging stations considered in the TMB e-buses trial are all owned by TMB
itself, and has the same goals as the CSP. All of them send information to the EFO through an
OCCP 1.5 protocol (some with an extended version of OCCP 1.6).
DSO: All the CSs from TMB are connected to the medium voltage grid, owned and operated
by Endesa.
The goals of the DSO, is to decrease grid enhacement costs, secure a stable grid, utilized local
renewables and to optimize the distribution of the grid capacity. ELECTRIFIC could help to
foster the understanding of the repercussions from e-mobility on the grid. As from now Endesa
is not part of the ELECTRIFIC consortium, the installation of smart metering devices in the grid
in all Barcelona trials is not guaranteed.
ES: The Energy Supplier for all the electricity connections from TMB is, right now, Endesa.


For TMB premises (slow charging stations in garage) a connection of 400 kW provides
energy to EVs through the different CS.



A connection of 400 kW feeds the existing fast CS, which is connected to the medium
voltage grid (transformer at 25 kV).

For the new CSs that will be installed whith the upcoming new e-fleet, the ES company will be
Metro (from TMB group), which is a big consumer that buys directly to the EEX market, both
in the slow CSs and in the new fast CS planned in the opposite site of the bus line.
They also own a gas cogeneration plant (whith modular capacity until 200 kW) which is feeded
with gas coming from the company Gas Natural.
The goal of the energy supplier is to increase their profit/revenue by increasing their potential
customer base, and lowering their cost. If it exists somehow an approachable forecast of
energy consumption, maybe they could buy cheaper energy in the exchange markets.
ELECTRIFIC can help to this concern. However, this potential is only analysed on a
theoretical/business perspective and not actively tested.
RESG: There are no renewable energy source generators located localy nearby the CSs and
therefore the direct use of renewable energy is not a perspective of the Barcelona trials.
However, the increase of using renewable energy coming from the grid is one of the issues
that ELECTRIFIC will take into account.
BL: TMB owns the batteries of their buses, so no leasing considered in this case.
LB: Local Businesses are no actors by now in the Motit ecosystem.
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ESP: As explained in Chapter II.1, the concrete business model of the ESP is not yet defined,
but will be part of the exploitation activities of the ELECTRIFIC project.
III.3.1.b. The Socioeconomic Perspective
As described in Chapter II.2, different pricing options can be applied in the context of
ELECTRIFIC. Currently it is planned to analyze these options theoretically. Initially here are
the current contracts existing between the primary stakeholders in the TMB trial.
In the TMB baseline trial scenario, there are two main contracts which are considered relevant
for application in the context of ELECTRIFIC (cf. the figure below).
The first contract is between ES (Endesa) and CSP (TMB). Both enter into a long-term contract
in which the ES offers a 400 kW of capacity for the garage connection (feeding 5 slow charging
stations in the medium voltage grid).
The second contract is between and CSP (Endesa) and EFO (TMB) for the fast charging mode
station. In that case there is also a long-term contract in which the CSP (which is also the ES)
offers a 400 kW of capacity for the connection of the 25 kV transformer and the fast CS to the
medium voltage grid.
Payment for both services is done in €/kW (capacity) and €/kWh (consumption) by TMB.
When adding Metro as an ES, the service is going to be payed only by consumption, as TMB
is not going to have a capacity limitation.
It exists also a contractual relation between EFO (company) and EFU (driver), which is not
being considered in the schema as in this case it is out of the scope of ELECTRIFIC.

Figure 32. Contracts between the Stakeholders in the BCN Bus Trial

III.3.1.c. The Technical Perspective
The EV fleet of TMB consists on 4 e-buses, which is going to be incresed in 7 more before
summer 2018 (11). These are of two different brands: Irizar (the 2 oldest ones) ans Solaris
(the two new ones).
Irizar buses can only be charged in slow mode. They are charged during the night periods
when the line is not operative, in the garage of the company.
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Solaris buses accept both slow and fast charging modes. They are equiped with a pantograph
arm on the top of the roof for connecting to the fast charging station.
All buses have GPS positioning for EFOs, and collect basic information through the different
devices installed by the manufacturers. They also inform drivers about SOC levels, remaining
driving range or how to connect the pantograph for do the charging process (showing the
images from the camera).
They are different charging stations for TMB buses, one slow CS for each one of the e-buses,
and one fast CS for all those that suppports fast charging.
Now slow charging is done by a CCS-Combo connector. Irizar buses are connected to CS
manufactured by Jema. And Solaris buses to CS manufactured by Circutor. Circutor CSs have
also the possibility of charging with 2 Mennekes (Type II) connectors, which can be used at
the same time.
The fast CS can be only used with the pantograph connector.
TMB is studying the possibility of making the slow charging also with the pantograph connector
solution, as all new buses coming are going to have this technology already installed. So TMB
is going to request this technology in the new contracts for the purchase of new fleet and CSs.
All the CSs communicate with EFO through an OCCP 1.5 / 1.6 extended, so EFO (directly or
via Endesa) can get real time information while the charging process is taking place. All their
CSs are exclusively used by TMB, so they manage all the processes and the scheduling of the
charging process must be done also by them. Right now they have no problems regarding
availabilities of the stations, as each bus has its own CS in the garage and there are only 2
buses charging in the fast mode CS, but further on, with the increasing of the fleet, this charging
process will need to be scheduled, so that ELECTRIFIC will be useful.
The medium voltage grid to which the CSs are connected belongs to Endesa.

Figure 33. Overview of the data flow in the TMB e-buses trial

In the TMB trial information come from different sources. An overview is provided in the figure
above. ELECTRIFIC must access to the information about the buses (as GPS, SoC level in
use if convenient, etc.), that is collected by the centralised information system of TMB, the fleet
operator. The charging station data, as SOC levels while charging, is owned by the CSP, which
in this case is Endesa or TMB. And the fleet scheduling is managed by TMB with its own
centralised system of fleet information and management. As coming from different sources,
these data will have to be converted and compiled in a standardized way, so that a shim has
been created to centralise all needed information for the project.

54

D2.2– Initial description of scenarios, business requirements and use cases

Version 1.0
Date: 31/05/2017

III.3.2. Scooter Trial
III.3.2.a. Stakeholder
The concrete primary stakehoders, their business models, goals and interactions for the
specific case of the Motit – e-scooters sharing system company trial, are described below. The
figure below provides an overview of the stakeholders and their high level interactions.

Figure 34. Overview of the Stakholder Interactions within the Motit Ecosystem

EFU: EV fleet users that are considered in this trial are the sharing service customers (external
EFUs) and the employees of the company (internal EFUs).
Customers are all short-term users. Their profile is diverse: Commuters (to get to work or
school, and some leisure purpose trips), and in a low proportion, even tourists (which maybe
can be the next target group).
Customer’s comfort is absolute since they don’t have to worry about anything regarding
management (charging process included). As the policy of the company right now states, just
“enjoy their trip”.
User’s goal is mainly to have a good EV experience and, if possible, reduce costs. Those goals
could be motivated by different factors, but we detect that the main one for most of the users
would be getting from A to B in the less time possible. That will make this mode the most
competitive in terms of time saving, and also will have economic impact, as the payment of the
service is done by minute of use (“use” is defined as the duration of the booking). So scooters
are booked by minutes.
As stated before, user has no responsibility in the charging process of the EVs, so that she/he
has even no need to change his/her charging behaviour in order to enhance the battery life of
the EVs. ELECTRIFIC can help to this goal by offering incentives for involving users in
charging, so that EFOs can enhance battery/grid friendly charging, where they could see an
impact. With that purpose ELECTRIFIC will offer the possibility of getting incentives when
involving users somehow in the charging process. So users can be compensated somehow if
they approach the scooter to a charging station or even a place where batteries are removed
for being charged. EFUs of Motit are one of the target groups to perform psychological analysis
on. The effect of different psychological incentives proposed to the EFUs will be tested.
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ELECTRIFIC’s charging scheduler can help the staff of the company to plan the replacement
of batteries and make it more efficient. The project can also help to study battery heath
parameters while driving and charging, and so offer recommendations for enlarging batteries
life. For staff users that will include following company’s indications regarding the way of
driving, the way to proceed for charging the batteries racks and the planning of the batteries
swapping routes, making them more efficient.
EFO: The EV fleet operator in this trial is Motit. As described in more detail in D8.1 Motit is one
of the different companies in Barcelona that offers a e-scooter’s sharing systems in a business
model of free floating over the urban area of Barcelona.
The main goal of the EFO (Motit) is to offer an eficient transport mode for getting from one
point of the city to another in a quick and sustainable way (silent and with no emissions). They
are increasing their fleet for offering a better service everyday. They need to do so as they
have a concurrent market with other two companies (recently a third one has appeared)
offering the same kind of service as them.
Both the users profiling and the set of incentives system for involving users in the charging
process that ELECTRIFIC is aiming to test, and the charging scheduler that can be deployed
with the project, may offer possibilities of enlarging batteries life and increasing the efficiency
and sustainability of the e-scooters sharing system.
CSP: e-scooters have removable batteries, that are swapped from the EVs when they reach
a SOC below 30%. Then batteries are brought to be charged into the company’s premises.
The charging mode in this case is slow.
There doesn’t exist a common charging station or wallbox, but a rack or some racks of batteries
that need to be charged in order to be swapped lately into a discharged e-scooter. Here we
can consider that Motit itself is the CSP, as they switch on the racks of chargers located in
their own premises to the connectors.
Charging service provider in this case has the goal to provide good quality energy to the
chargers where batteries are connected, without exceeding the energy capacity contracted.
They could be also concerned somehow about grid stability, but not as their main goal at all.
ELECTRIFIC software solution (through a Charging Scheduler for chargers and a Smart
Charger if suitable) can provide battery and grid friendly charging options, helping to fullfill
these goals.
CStO: The connection in Motit’s premises is obviously owned by the company itself.
DSO: The connections that Motit have in Barcelona area to cover the energy demand of the
batteries charging processes are connected to the low voltage grid, owned and operated by
Endesa.
The goals of the DSO, is to decrease grid enhacement costs, secure a stable grid, utilized local
renewables and to optimize the distribution of the grid capacity. ELECTRIFIC could help to
foster the understanding of the repercussions from e-mobility on the grid. As from now Endesa
is not being part of the ELECTRIFIC Consortium, the installation of smart metering devices in
the grid in all Barcelona Trials is not guaranteed.
ES: Motit has contracted Endesa as the electricity supplier for all its connections. The goals of
the energy supplier is to increase their profit/revenue by increasing their potential customer
base, and lowering their cost, and also preventing grid instabilities that could be caused by
connecting a high number of chargers and batteries in their connections. For the first one, if it
exists somehow an approachable forecast of energy consumption, maybe they could buy
cheaper energy in the exchange markets. ELECTRIFIC can help to this concern. However,
this potential is only analysed on a theoretical/business perspective and not actively tested.
For the second one, Motit offers the possibility of testing ELECTRIFIC smart charger prototype
in order to stabilise somehow this possible affectations to the grid.
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RESG: There are no renewable energy source generators located localy nearby the CSs and
therefore the direct use of renewable energy is not a perspective of the Barcelona Trials.
However, the increase of using renewable energy coming from the grid is one of the issues
that ELECTRIFIC will take into account.
BL: Motit owns the batteries of their e-scooters, which are manufactured by the same local
company as the e-scooters themselves, so as in TMB’s, no leasing contracts considered in
this case.
ESP: As explained in Chapter II.1, the concrete business model of the ESP is not yet defined,
but will be part of the exploitation activities of the ELECTRIFIC project.

III.3.2.b. The Socioeconomic Perspective
As described in Chapter II.2, different pricing options can be applied in the context of
ELECTRIFIC. Currently it is planned to analyze these options theoreticaly. The current
contracts existing between the primary stakeholders in the Motit trial are exposed below.
In the Motit baseline trial scenario, there are two main contracts which are considered relevant
for application in the context of ELECTRIFIC (cf. the figure below).

Figure 35. Contracts between the Stakeholders in the BCN Scooter Trial

The first contract is between ES (Endesa) and CSP (Motit, wich owns the connections where
chargers are connected). Both have a long-term contract in which the ES offers a certain
capacity for covering their premises’ electricity needs (where chargers are also connected, and
represent their higher energy demand). Payment for the service is done in €/kW (capacity) and
€/kWh (consumption) by Motit.
The second contract is between and EFO (Motit) and EFU (in that case customers, as the
contractual relation between company and its staff is out of the scope of ELECTRIFIC) for
using the EVs service offered by the company.
Motit users must register in their system and sign up a contract with the company. Then they
must download the company’s app which will be required to access to the system (make the
booking and even switch on the scooter).
There are two modalities of registering:
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Motit casual: Free registration



Motit Member: 3€/month, which allows users to have access to special offers and
benefits

The using rates are charged by minutes of use of the service (from the moment of switching
on the e-scooter until unlocking it for another user). Prices may vary depending on the hour of
the day and the day of the week. In May 2015, i.e., an e-scooter could be booked from 0.18 to
0.24 €/minute depending on weekday and timeframe.
Minutes packs are available, so a better price can be get when user buys a pack in advance.
In May 2015, i.e., it is possible to get a pack (50-100-200 minutes) with prices from 0.17 to
0.19 €/minute.
Currency used in the system (also for incentives) is the „minutes“, so special offers usually
include
„free
minutes“.
(More
information
available
in:
http://www.motitworld.com/bcn/en/precios-y-bonos).

III.3.2.c. The Technical Perspective
Motit’s fleet has 200 e-scooters. Soon their fleet is going to increase until 250 scooters. They
count on supplementory batteries so that they can do the swapping of batteries without
compromising the availability of scooters in the system (nowadays around 240). So that they
can replace e-scooter’s batteries on the street, as they have removable batteries. Once SOC
decreases from a critical level of 30%, an alarm in operators interface informs that battery has
to be replaced.
The manufacturer of the e-scooters is a local company in Barcelona called Going Green, which
also produces their batteries and chargers. Batteries are lithium polymer (1,5 kWh), and are
charged night and day, always in slow mode (700 W per charger), during about 3 hours, in the
company’s premises. They have nowadays 3 racks of 6 chargers each (700 W per charger).
Chargers have an special software specially designed for their batteries, for the optimization
of the equalizing process.
Scooters have GPS installed (satellite system Galileo) so operators can locate them from the
control centre. EFO monitors as well some other parameters from scooters (CAN-BUS
installed) and data is transferred via 4G to the fleet operators system (they have instant
information, i.e., about SOC).
All scooters have a 7-inch tablet screen integrated in dashboard, which has also WIFI and
Bluetooth connection activated, and a navigator system.
The tool for users is a mobile app from which they can search for availability of e-scooters,
make a booking, switch it on and manage their account. The information from the apps is also
collected by the EFO’s centralized information system.
The low voltage grid to which the CSs are connected belongs to Endesa.
In Motit’s trial information come from different sources. An overview is provided in the figure
above. ELECTRIFIC must access to the information about e-scooters and batteries (as GPS,
SoC level in use if convenient, etc.), that is collected by the centralised information system of
Motit, the fleet operator. All this centralised information will have to be converted and compiled
in a stardised way, so that a shim has been created to centralise all needed information for the
project.
Maybe the charging scheduler can also bring the possibility of collecting data from chargers
during the charging process, and also notifying the availability of chargers in the different
charging points spread in the city. The developement of these possibilities must be studied in
the framework of ELECTRIFIC.
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Figure 36. Overview of the Data Flow in the Motit e-scooters Trial

It is also to be studied between Motit and THD the possibility of obtaining some other
information from the vehicle, as brake and gas position while driving, as those parameters are
not being collected right now by the company, and they need to be collected from other
sources, so syncronisation of data could be then another issue of valoration.
III.3.2.d. The legal Perspective
In Spain, policies related to EVs follow the directives of the Strategy for the Impulse of the
Vehicle with Alternative Energies (VEA) in Spain (2014-2020), which establishes the objective
of a fleet of 150,000 EV and 1,190 urban public charging stations in 2020. While waiting for
details about the incentives plan for 2017, it is remarkable that the last plan (MOVEA 2016)
increased its budget to 16.6 million Euros, of which 13.3 million Euros are for the EV
purchasing.
Regarding to the energy legislation, the sector is regulated by the Act 24/2013, of December
26th, of the Electric Sector. This law was passed in order to ensure the energy supply, and to
unify and correct the many changes made by Royal Decrees, and at the same time to
guarantee economic sustainability of the energy market. The law also maintains REE, a semipublic corporation, as the TSO (it was previously established by the Act 17/2007) and lets the
low-voltage grid with different DSO’s but reunifies the electric generators in one category
instead of differentiation between special regime (for renewable energies) and ordinary regime
(rest of energies). It also establishes the Voluntary Price for the Small Consumer, a maximum
price for consumers with less than 10 kW (variable and forecasted each day, depending on
the production and demand of electricity), or the bonus for socially vulnerable citizens.
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IV. USE CASES AND REQUIREMENTS
In the previous sections the general as well as the trial specific ecosystems of ELECTRIFIC
were described, in both versions: how they are today and how ELECTRIFIC envisions them
as a framework for ELECTRIFIC. These are the starting points for deriving use cases and
requirements. In order to ease understanding of use cases, here the main points of this vision
are summarized, before subsequently business and technical use cases are derived and finally
business and technical requirements are defined. For details of the ELECTRIFIC vision, please
refer to Chapter II.

IV.1. Vision Scenario in Short
The vision scenario describes the situation within the ELECTRIFIC ecosystem when the
ELECTRIFIC solution is being applied. According to the structure used previously, in the
following the stakeholder are first described, followed by a description of the socioeconimic,
the technical and the legal perspective.

IV.1.1. Stakeholders
Previously, eleven primary stakeholders have been identified. In the following these
stakeholders, their interactions and business models/goals will be described briefly. For more
details please refer to Section II.1. The figure below provides an overview of the stakeholders
and their interactions in the case the ELECTRIFIC solution is applied.

Figure 37. Overview of Stakeholders and their Interactions

ELSP: The ELECTRIFIC service provider is a new stakeholder which offers ELECTRIFIC
services to the other stakeholders. The concrete business model is topic of WP9, however,
based on the objectives of the project, some ideas were presented in previous chapters and
will also be described in short for every primary stakeholder in the following.
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EVO: The EV owner is a private person who owns an EV. An EVO is responsible for charging,
and mainainting their EV. The main goal of an EVO is therefore an increase of their emobility
experience by seamlessly intergrating the charging process of the EV into their everyday life
and to reduce the cost of their EV (e.g. charging costs or battery wear and tear). The ELSP
contributes towards reaching both goals.
EFU: In contrast to the EVO, the EFU is using an EV which is part of a fleet. Those can for
example be employees of a company using EVs for their every day business (e.g. Taxi/Bus
drivers, postal delivery services; so-called internal EFUs). In contrast, external EFUs are EV
users that rent/leases an EV (e.g. car sharing users). EFUs can have different levels of
flexibility. While Bus drivers for example have to stick to a concrete route, car sharing users
can choose freely which route he/she takes.
Depending on the incentive scheme EFUs are less interested than EVOs in reducing the cost
of an EV if they are not reimbursed for any inconvenience that come with it. The ELSP
contributes towards reaching these goals while considering different flexibilities of EFUs and
relations between the EFU and EFO.
EFO: The EV fleet operator is managing multiple EVs in a fleet. Internal EFOs offer EVs to
company members whereas external EFOs offer EVs to the public. In both cases the EFO can,
but must not be the one charging the EV. The main goal of an EFO is to maximize
profit/revenue by for example maximizing the use of EVs (by increasing attractiveness for
instance) and my minimizing costs (e.g. charging, wear and tear costs). The ELSP contributes
towards reaching these goals, by offering (monetary and psychological) incentives to both EFO
and EFU and by introducing new business models for EV fleet operators.
CSP: The main goal of the charging service provider is to maximize profit. The ELSP
contributes towards this goal by offering services to the EFU and EVO, thus making
electromobility more attractive and increasing the number of potential customers. Additionally,
the ELSP is offering monetary incentives to the CSP inorder to foster a more eco-, and grid
friendly charging. Also the attractiveness of charging services the CSP offers can be enhanced
by the ELSP by enabeling new services like battery- or green charging.
CStO: The charging station owner can have different motivations for owning a charging station.
An EVO might want to own a charging station at home in order to conveniently charge the EV
at home. Communes might want to own charging stations to increase the attractiveness of the
commune. Local businesses like hotels or restaurants would like to attract potential customers.
Last but not least other CStOs might base their business model on charging and would like to
maximize profit. The ELSP provides services assisting in reaching the goals of the charging
station owner, e.g an EVO aiming at conveniently charging at home or a community who wants
to increase its attractiveness to EVOs.
ES: By making electromobility more attractive (e.g. extending the potential customer base) and
by enabeling new business models (e.g. cascading pricing rewards) the ELSP helps reaching
the electric suppliers’ goals of increased profitability. Additionally, the ELSP can help to
increase the preciseness of predictions of the energy demand (for EV charging) and by that
enable the ES to buy energy for a cheaper price, therefore increasing the profit of the EV.
RESG: In the future more and more small decentralized renewable energy resource
generators as well as large RESG will provide the power for Europe. By maximizing the use of
renewable energy the ELSP can help to foster a more eco-friendly energy system and also
help to maximize revenue of RESGs.
DSO: Due to the monopolistic nature of the energy grid market, legislative constraints
guarantee the effectiveness and reliability of distribution service providers. The ELSP can help
fostering a stable grid and therefore help contributing to the goal of increasing the efficiency of
the DSO. Depending on the legislative constraints, the ELSP can also help to increase the
profit of a DSO. To which degree ELECTRIFIC will be able to reach its goals is highly
dependent on legislation referring to DSO management. This will be a topic of the market
analysis.
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BL: Battery leaser, lease batteries to EFOs and EVOs. They try to maximize their profit. The
ELSP can help reaching this goal by increasing the potential customer base (by making
electromobility more attractive) and by maximizing the state of health (SOH) of the battery.
Also new pricing models like leasing depending on the SOH instead of on kilometres or time
can be provided by the ELSP. New business models for second life battery usage can also be
fostered by the ELSP.
LB: Local businesses (like hotels, restaurants etc.) try to attract EVOs and EFUs. As
mentioned previously a LB can also be in the role of a CStO (and CSP). However, local
businesses can also benefit from services offered by the ELSP without owning a CStO
themselves as long as a CS is located nearby. The ELSP can offer incentives to the user for
grid- and eco-friendly charging and such incentives could be provided by local businesses (e.g.
10% discount).

IV.1.2. The Socioeconomic Perspective
In order to define a sucessfull business model for the ELSP as well as defining realistic and
usefull incentives, the socioeconomic perspective needs to be considered. In the following the
contracts, as well as potential pricing models and incentives are briefly discussed within the
context of the future ELECTRIFIC ecosystem. For a more detailed description please refer to
Section II.2.

Figure 38. Contractual Changes

IV.1.2.a. Contracts
Potentially there are contracts for every interaction shown previously in Figure 37. In the
following, the new contracts that have to be established due to the existence of the new
stakeholder ELSP are summarized. For simplification, the contracts are represented directly
between stakeholders (CO-1 to CO4) even though the ELSP might be in the role of the
mediator (CO-5).
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Between DSO and CSP, it has to be established some kind of contract (CO-1). The
ELECTRIFIC solution is intended to offer charging coordination of EVs with charging stations.
Therefore, the CSP has to be compensated for giving some control over its charging
infrastructure to the DSO. Local Businesses may be able to utilize the ELECTRIFIC platform
for marketing and advertisement purposes. Therefore they will have to enter into a contract
with CSP (CO-2) or ELSP (CO-5). The exact layout of the CSP’s and CstO’s business model
and the respective contracts (CO-3) remains unclear yet. A suitable plan will be developed for
ELECTRIFIC. Battery leasing contracts between BL and its customers, EFO or EVO (CO-4),
could be depending on the battery health in the future. This would enable the leasing company
to significantly improve its outcomes and costs of this contracts. Also there might be charging
stations, directly connected to a distributed small or big RESG, currently we dont consider any
special contracts for this. Potential contracts between the EV users (EFU and EVO) and the
ELSP (CO-5) will be analyzed in more detail during the project.
IV.1.2.b. Pricing
In ELECTRIFIC pricing has three (partially overlapping) functions namely distributing cost (of
service “production” cost), signalling resource scarcity and incentivizing behaviour change (for
more details see Section II.2).
For ELECTRIFIC a taxonomy which differentiates between four different variable pricing
models might be applied; some combinations will be tested at a later stage: In the “time of use”
pricing model the user do not actively participate in any kind of flexbile usage of grid resources
(i.e. highest price). In the “surge (peak)” pricing model the user gets a constant price and only
in a (limited) number of cases of extraordinary events the price can increase (or in case the
user reduces the energy consumption gets a reduced tariff). In the “demand response” pricing
model the price changes dynamically depending on the changes in the environment. The fourth
pricing model is the “load capping” pricing model in which the users rate of use is limited. The
increase in price for exceeding the limit is significant.
Different primary pricing relationships play a major role in the ELECTRIFIC ecosystem. First,
the relationship between the ES and the electricity consumers (contracted through the CSP)
can be identified.
When the user charges at home, the electricity contract with the ES of the household
determines the price. Home charging of EV generally is a time flexible task. As such, it is
possible to utilize a variable pricing model leveraging this flexibility. Some private owners may
for instance use the “night current” (building on the load capping model). In an exchange for a
reduced grid fee, they can be disconnected from the grid if the grid operator deems it
necessary.
In the case of dedicated charging stations demand response combined with ahead of time
bookings can lead to more efficient allocation, as it is able to respond to sudden changes in
the grid status and congestion of the charging station. The signals used in demand response
may be any of the following: local demand, grid status, intake of renewables at the charging
station or a combination of theses. The ELECTRIFIC software solution should be able to
support the user by planning the route for the user, only displaying the final price that the user
has to pay. This way, a user does not need to keep track of changing prices along the chosen
route. Obviously, after the route is selected, the price for selected route must not change.
The prices of charging the battery should at least cover the the following cost components:
electricity generation cost, retail electricity cost, fees/taxes, mark-up due to scarecity rent,
maintainance costs for the charging infrastructure, and the costs of running electrific.
Additionally prices should also exert a steering function, in line with other incentives (see
Section II.2.3).
The second pricing relationship is between the DSO and CSP. Using ELECTRIFIC, the CSP
helps reducing the use of system charges paid by the DSO to the TSO, the cost of ancillary
service in terms of voltage control or covering the energy losses, and the capital expenditures
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(e.g. avoiding grid enhancements) of the DSO. The CSP can then recoup the connection
charge from the DSO. In case legislation changes additionally grid fees could be reduced for
the CSP in the future.
The third relationship is between the energy supplier and the CSP. The ES buys (and sells)
electricity to variable prices. In case of developing a negative price for electricity, the energy
supplier can send demands response signals to the CSP who can incentivice the EVO and
EFU for charging their cars at a certain time. In this case, variable pricing tariffs can be used
to send price signals to customers that reflect the current cost of generating, transporting and
supplying electricity. Obviously, the pricing relationships are to some degree interdependent:
if the ES does not send variable prices to the CSP (as in most cases today), the CSP has no
incentive to introduce variable pricing tariffs for the their customers. Both DSOs and ESs try
to manipulate demand, but each for different reason. This can lead to situations where the goal
of one of the two cannot be met (e.g. low energy prices where grid load is high).
IV.1.2.c. Incentives
Within the ELECTRIFIC ecosystem different kinds of incentives will be used to steer the
behaviour of participants. In general, one can differentiate between symbolic appeals and
financial incentivesn and reward schemes. While the first comprise non-monetary incentives
such as informative feedback, default choices or social norm comparisons the second provide
monetary gains and the third material gains which are not financial as e.g. the reward via green
points or vouchers given out by local business..
Within the ELCTRIFIC project the effect of the different symbolic appeals will be tested. In
terms of default choices, it will be tested how users behave when sometimes the greenest,
and sometimes the fastest route is shown as default choice. Here, the hypothesis is that users
will be more likely to stay with the default. If this turns out to be true, in the final solution, a
default setting towards the greenest route could be implemented.
Concerning the point system one hypothosis is that putting points in an emotional, evaluative
or social context will make a difference to users, possibly depending on the user’s personal
profile. If this turns out to be true such point systems could be included into the final
ELECTRIFIC software solution.
Additionally, different informational feedback on the driver’s behaviour will be visibly integrated
so that evaluation and recap is enhanced. Also the effect of social norms in the context of
electromobility will be tested and the outcome will be included into the final solution.
Concerning monetary incentives different options to make prices dynamic and responsible will
be analyzed and various other incentive schemes on top wil lbe investigated in order to find
out, which apprach increases best a certain price elasticity. This concerns the pricing relation
that targets the final user like EVO and EFU and was described above.
A hypothesis that will also be analyzed in the ELECTRIFIC project is that users might be in the
short term more motivated by financial rewards, but that in the long run symbolic incentives
might act as a better motivation to adhere to ADAS suggestions. Based upon findings, the final
solution might integrate a point system that both reflects the users’ goals and preferences as
well as targeting short and long-term incentives.

IV.1.3. The Technical Perspective
The Electrific solution is considering and making use of diverse technical components. In the
following a brief overview of this technical framework that is relevant for the ELECTRIFIC
solution and that it depends on is provided (more details in Section II.3).
A key aspect of ELECTRIFIC is to keep the power grid stable. In principle, power grids can be
divided into transmission networks for the long-distance transport and local distribution
networks. The local distribtion networks are operated by the DSO while the other is operated
by the TSO. Charging stations are connected to local distribution networks.
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For monitoring the power quality in the grid, power quality meters can be used. ELECTRIFIC
will make use of them for monitoring and predicting power quality isues in the grid and
proposing charging schedules accordingly.
Furthermore, smart meters within the charging stations can provide data in different resolutions
which makes it possible to monitor (and control) the consumption. For communicating with
charging stations the OCPP protocol will be used by ELECTRIFIC. It is an open standard and
enables cross-manufacturer communications with charging infrastructure.
The ELECTRIFIC solution should also be applicable to different kinds of CSs and CS services.
The charging can be performed at different power level, usually 3.7 kW, 11 kW, 22 kW and
50kW. Higher the power level are also possible in different domains (e.g. fast charging for
busses at 400kW). The higher the power level the faster the charging. Higher charging speeds
are connected with higher influence on the power grid. Additionally, charging stations have
different charging connectors (e.g. type1, type2, CSS, CHAdeMO, tesla). Not all EVs are
compatible with all connector types. Furthermore, some CS do not support reservation. This is
mainly dependent on the CSMS. However, in the future this will most likely be only a small
subset of CS. When optimizing charging suggestions ELECTRIFIC considers the different
characteristics of the charging stations.
EVs have different range and different possibilities of data retrieval. Even though the range is
predicted to grow drastically in the upcomming years, this point needs to be considered in the
ELECTRIFIC solution. Additionally data coming from the EV like the current state of charge
(SOC) is used in ELECTRIFIC. Here EV existing standards like the CAN bus standard can be
used.

IV.1.4. The Legal Perspective
The ELECTRIFIC solution must adhere to and can make use of manifold existing legislations.
How the legislative situation will change in the future in order to support e-mobility and the
energy turnaround cannot be foreseen. However, in order to foster a higher attractiveness of
e-mobility, the regulatory framework will rather change to the benefits of ELECTRIFIC than to
the opposite direction. A more extensive explanation of the legislation has been provided in
section II.4. and in the market analysis (D9.2). In the following a brief summary is provided.
In the energy and charging station market currently different regulatory frameworks exist
impacting the potential of the ELECTRIFIC solution. For example in Spain, different
frameworks discourage the PV solar generation (at domestic and industrial level) via taxes and
state that also RESG must contribute to power grid costs, even if the energy is not fed into the
grid. Others laws regulate the economic benefits of the DSO in a monopolistic market, which
limits the monetary gain ELECTRIFIC provides for the DSO. Low-emission and zero-emission
zones might increase in number in the future, further increasing attractiveness of e-mobility
and EV adoption. Additionally, governments will further attempt to subsidize increasing the EV
fleets and establishing an all-encompassing charging infrastructure.
Even though parking is often prohibited in front of CSs the costs of towing a car away must
usually be paid by the CStO or CSP. Blocked CSs are a problem in general for EVs. A change
of legislation is therefore desirable which would also prohibit users of ELECTRIFIC services to
end up at a proposed CS which is illigally blocked prohibiting the charging. Different laws exist
with regard to battery recycling making the process cost intensive. ELECTRIFIC can contribute
towards reducing these costs by helping to prolong the battery life. Data privacy and data
protection issues regulations will be an important topic for the ELECTRIFIC project and
solution.

IV.2. Use Cases
Based on the generic vision scenario (see section IV.1.), several use cases were identified
and will be defined in this section. The use cases are subdivided into Business Use Cases
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(BUC) and Technical Use Cases (TUC). The BUCs represent a high-level interaction with the
ELECTRIFIC overall solution. This also includes business interests like contracts and business
models, besides the TUCs, which solely cover technical interactions with the ELECTRIFIC
software solution. The use cases are conceptually based on adapations of the guidelines by
Cockburn [Coc01]. Unified Modelling Language (UML) is used for graphical representation of
all use cases.
For all primary stakeholders, a set of BUCs was defined (section IV.2.1.). These BUCs are
based on the stakeholders’ main goals as described in the vision scenario. BUCs represent
the highest level of use cases in ELECTRIFIC. Each BUC reflects one benefit for that
respective stakeholder, when participating or interacting with the ELECTRIFIC solution. For all
ELECTRIFIC software users, which will be described in section IV.2.2., TUCs are extracted
from the BUCs (section IV.2.3.). So typically, a TUC is included in one or multiple BUCs. In
order to simplify the structure, we divided the diagrams also into BUC and TUC diagrams,
although they can not be seen as entirely separated. From those use cases, described in this
section, subsequently business and technical requirements will be derived and defined in
section IV.2.4..

IV.2.1. Business Use Cases of Primary Stakeholders
For the primary stakeholders of the ELECTRIFIC overall solution, we describe a set of BUCs.
A BUC does not necessarily have to be only business-related, but can simply reflect a very
high-level generic use case of the respective stakeholder. BUCs will only be shortly described
in this section and not explained with every detail. Further analysis of these interests will be
carried out during the project.
A set of 18 BUCs (see Table 2 and Figure 39) was defined for all primary stakeholders, which
have direct interests and interactions with the ELECTRIFIC overall solution.
The BUCs for the end-users, EVO and EFU (BUC-01 to BUC-05), mainly comprise cost
reduction from e-mobility and an overall improved experience, including EV attractiveness and
EV driving behaviour. For the EFO, the essential BUCs within ELECTRIFIC cover cost
reduction (BUC-02 and -03) and an increased potential customer base (BUC-06). The BUCs
for CSP and CStO heavily depend on the deployed business model (see section II.1.2.) and
contracts (see section II.2.1.) between these two stakeholders. Currently, various business
models are in place. Also the prediction of developments in this area is very speculative, so
here it is assumed for now, that both have the same business use cases (BUC-06 to BUC-10):
increasing the potential customer base, offering additional services for marketing purposes or
adjusting the business model, receiving incentives for participation in ELECTRIFIC, achieving
independence from the grid (from renewables) and usage of smart charging. For the DSO, six
BUCs were identified (BUC-10 to BUC-15). With a potential participation in ELECTRIFIC, the
DSO aims at using smart charging, decreasing grid enhancement costs while securing the grid
stability, utilizing local renewables, understanding repercussions of e-mobility and to optimize
the distribution of the grid capacity.
The energy supplier’s main BUCs are an increased potential customer base, offering additional
services and the possibility to partly forecast the energy consumption from e-mobility (BUC16). The RESG intends to increase its potential customer base and to increase utilization of
local renewables. For the battery leaser, extended battery life will reduce costs (BUC-17) and
allows him to offer additional services and contracts. Local businesses aim to increase their
potential customer base. For the ELSP, the business use case (BUC-18) depends on the
identified business model, which will be further analysed and defined during the project.
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Table 2. Business Use Cases of primary stakeholders

Stakeholder

ID

Name

EVO

BUC-01
BUC-02
BUC-03
BUC-04
BUC-05

Use smart e-mobility services
Reduce EV charging costs
Reduce EV ownership costs
Increase EV attractiveness
Improve driving behaviour

EFU

BUC-01
BUC-02
BUC-04
BUC-05

Use smart e-mobility services
Reduce EV charging costs
Increase EV attractiveness
Improve driving behaviour

EFO

BUC-02
BUC-03
BUC-06
BUC-08
BUC-14

Reduce EV charging costs
Reduce EV ownership costs
Increase potential customer base
Receive incentives for participation
Increase revenue from fleet

CSP

BUC-06
BUC-07
BUC-08
BUC-09
BUC-10

Increase potential customer base
Offer additional services
Receive incentives for participation
Independence from the grid
Use smart charging

CStO

BUC-06
BUC-07
BUC-08
BUC-09
BUC-10

Increase potential customer base
Offer additional services
Receive incentives for participation
Independence from the grid
Use smart charging

DSO

BUC-10
BUC-11
BUC-12
BUC-13
BUC-15

Use smart charging
Decrease grid enhancement costs
Secure grid stability
Utilize local renewables
Optimize distribution of grid capacity

ES

BUC-06
BUC-07
BUC-16

Increase potential customer base
Offer additional services
Forecast energy consumption

RESG

BUC-06
BUC-13

Increase potential customer base
Utilize local renewables

BL

BUC-17
BUC-07

Reduce costs from longer battery life
Offer additional services

LB

BUC-06

Increase potential customer base

ELSP

BUC-18

Interests depending on business model
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EVO

BUC-03: Reduce EV
ownership costs

BUC-05: Improve
driving behavior

<<include>>

BUC-04: Increase
EV attractiveness
BUC-17: Reduce costs
from longer battery life
BUC-01: Use smart
e-mobility services

BUC-02: Reduce EV
charging costs

EFO

EFU

BUC-14: Increase
revenue from fleet

BUC-08: Receive
incent. for participation

BL

BUC-07: Offer
additional services

CSP/CStO

<<extend>>

BUC-06: Increase
potential cust. base

BUC-09: Independence
from the grid

LB

BUC-10: Use
smart charging

BUC-13: Utilize
local renewables

RESG

DSO

BUC-11: Decrease grid
enchancement costs

BUC-12: Secure
grid stability

BUC-16: Forecast
energy consumption

BUC-18: Interests depending
on business model

BUC-15: Optimize
distrib. of grid capacity

ES

ELSP

Figure 39. UML Business Use Case Diagram
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IV.2.1.a. BUC-01: Use smart e-mobility services
The main use case of EVO and EFU with the ELECTRIFIC solution is the use of smart emobility services. Both users will be able to interact with an ELECTRIFIC software component,
the ADAS, in order to enhance their overall e-mobility experience. The system will support
EVO and EFU in planning trips and navigating routes and it will assist the driver with optimized
charging suggestions. The trip planning can be done in advance and optionally includes
booking of a suitable EV and reservation of the desired CS. Additionally, the user will be
provided with helpful data and relevant status information about his EV by the ELECTRIFIC
software.
Stakeholder: EVO, EFU
IV.2.1.b. BUC-02: Reduce EV charging costs
Due to adherence to certain suggestions made by ELECTRIFIC, EVO and EFU will be able to
reduce their costs for charging their EVs. Both users will get financially incentivized by
ELECTRIFIC for adjusting their charging behavior. As described in section II.2., different types
of incentives may be implemented and passed on to the users in order to reduce their charging
costs. For the EFO, reduction of EV charging costs is also a business use case with
ELECTRIFIC. On the one hand, involving the EV users in the charging process, e.g. by
charging at public CSs, and on the other hand via the implementation of a scheduled charging
which aims at charging for lower prices or providing other incentives.
Stakeholder: EVO, EFU, EFO
IV.2.1.c. BUC-03: Reduce EV ownership costs
For EVO and EFO, reducing the overall costs of EV ownership is an important business use
case. ELECTRIFIC aims at fostering a more battery-friendly charging behavior and charging
methods. This will lead to a potentially better state-of-health of the battery and is intended to
extend the batteries’ life. In case the battery in the EV is also owned by the EVO or EFO, this
naturally will reduce the costs for the batteries and subsequently also the costs for EV
ownership. For leased batteries, this might also lead to reduced costs for EV ownership.
Introduction or adjustment of the appropriate contracts will be necessary.
Stakeholder: EVO, EFO
IV.2.1.d. BUC-04: Increase EV attractiveness
Increasing attractiveness is a main goal of the project, benefitting various stakeholders. EV
Users/Owners benefit from increase of EV attractiveness due to an increase in EV profile;
heightened satisfaction with EV use could increase their use of their own/rented. Rentals and
car manufacturers benefit from an increase in EV attractiveness due to a possible increase in
sales and rentals. Charging station use and energy sales (especially from renewable sources)
should increase.
Stakeholder: EVO, EFU
IV.2.1.e. BUC-05: Improve driving behavior
Improving driving behaviors can be done through various symbolic incentive structures (such
as providing information or emotional appeals such as social norms or information about the
speed and time saving gained). EV Users/Owners benefit from interventions that incentivize
improved driving behavior. One, a major motivation for EV use is "greenness"; efficient driving
saves energy, which should increase satisfaction with EV use. Two, efficient driving improves
range for the user. Three, improving driving can have a positive impact on longevity of the
battery and the vehicle itself.
Stakeholder: EVO, EFU
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IV.2.1.f. BUC-06: Increase potential customer base
Increasing the potential customer base is a major BUC for many of the involved commercial
stakeholders. With the participation in ELECTRIFIC and the suggestions (for EV rental and CS
allocation) from the ADAS, EFO and CSP/CStO can potentially acquire new customers, which
else would have been out of reach. Due to offering specific contracts and adjusting business
models (see also BUC-07), Energy Supplier, Local Businesses and generators of renewable
energies can increase their potential customer base. For example, an ES may acquire new
customers when entering into contracts with ELSP or other stakeholders. A local business can
offer incentives in the form of coupons via the ADAS in order to attract customers and a RESG
may enter a specific contract with EVOs or CSPs to better sell its produced energy locally.
Stakeholder: EFO, CSP, CStO, ES, LB, RESG
IV.2.1.g. BUC-07: Offer additional services
This BUC can extend BUC-06. With the participation in the ELECTRIFIC solution, some
stakeholders get the chance to offer additional services. This may be beneficial in order to
enhance marketing activities, e.g. a CSP (or CStO, depending on the business model) may
advertise green (high share of renewables) or battery-friendly charging. For other
stakeholders, participation in ELECTRIFIC may offer an extension or adjustment of their
existing business models. For example, an ES may design a new energy delivery contract or
additional pricing models based on the solution’s requirements. A battery leaser could
implement new leasing contracts based on a determined battery state-of-health.
Stakeholder: CSP, CstO, ES, BL
IV.2.1.h. BUC-08: Receive incentives for participation
To reach the goals of ELECTRIFIC it iss necessary to steer the charging habit of the EVUs
and convince the CSP and CStO to take part on the ELECTRIFIC solution. Therefore the
program will establish an incentive system, which is feeded by the DSO and forwarded from
the CSP to EVU. Of course the CSP gets his discount. In a straigt forward way this incentive
is cash, in a more fancy way this can be Green Points which can be exchanged into commerce
couchers like miles&more programs from the airlines.
Stakeholder: CSP, CStO, EFO
IV.2.1.i. BUC-09: Independence from the grid
Especially due to the use of solar energy a charging station can obtain independency from the
grid. Although there are some question marks in battery capacity, eSumava has already a
station which is completely supplied from renewable energy.
Stakeholder: CSP, CStO
IV.2.1.j. BUC-10: Use smart charging
A smart charger is used to react to different power grid situations in terms of ideal charging.
Ideal charging is influenced by different parameters like for e.g.: connection capacity,
maximum loading speed, available capacity, historical data, customer preferences or PQvalues. DSO and CSP can optimize their profit by using smart charging technology from
ELECTRIFIC in terms of providing a grid friendly service while simultaneously considering user
priorities (for e.g. SoH, full battery, and greenness).
Stakeholder: CSP, DSO, CStO
IV.2.1.k. BUC-11: Decrease grid enhancement costs
Network operators are subject to a regulated market derived of their monopoly position. Costs
for grid operation and grid expansion are fixed. Additional gains can only be achieved through
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a continuous, more efficient way of working. With new technologies for stable network
operation (for example, by means of controllable charging columns) which are at the same
time more favorable than regular measures, a network operator can gain additional profit.
Stakeholder: DSO
IV.2.1.l. BUC-12: Secure grid stability
Network operators are obliged to ensure a certain power quality based on EN 50160. By using
a distributed charging station infrastructure and an intelligent communication and control
management system, grid-friendly services can be adapted as support for secure and
controlled network operation. Load regulation allows controlling voltage changes at local level.
Different electric vehicles cause due to different charging modes and inverters certain grid
repercussions. Under the criteria and responsibility of a stable grid operation (see EN 50160),
it is essential to understand the possible potential of repercussions to the grid in order to use
this knowledge for a suitable grid expansion or appropriate control strategies.
Stakeholder: DSO
IV.2.1.m. BUC-13: Utilize local renewables
Renewable energies are an important contribution to climate protection, by replacing the usage
of fossil fuels. Due to the strongly increasing decentralized feed-in, consumption and feed-in
are not always balanced. Charging stations for EVs can play an important role in the regional
sector, using renewable energies locally. This shortens transportation distances for the energy
and reduces the occurrence of network losses. And also for the RESG, increased local
utilization of the renewables is obviously of high interest.
Stakeholder: DSO, RESG
IV.2.1.n. BUC-14: Increase revenue from fleet
With the participation in the ELECTRIFIC solution, the EFO may increase its revenue due to
optimized allocation and charging of its EVs. Additionally, increasing the availability of the EVs
will increase the overall revenue from the fleet.
Stakeholder: EFO (external)
IV.2.1.o. BUC-15: Optimize distribution of grid capacity
By using a network-friendly service by ELECTRIFIC, the DSO has the possibility to save power
grid enhancement costs to a certain extent. Due to the high simultaneous charging of regional
near charging stations, bottleneck management can be necessary in the short term. A fair
allocation of the available capacity is then necessary in order to continue to ensure a secure
power grid operation, without discriminate against a CSP. ELECTRIFIC supports this
functionality using forecasts from the DSO about the power capacities and correlated PQ-KPI.
Stakeholder: DSO
IV.2.1.p. BUC-16: Forecast energy consumption
Another very interesting BUC for the ES is the short-term (24h) prediction of the energy
consumption based on ELECTRIFIC data. Depending on the amount of ELECTRIFIC
participants, the forecasts can be come very accurate, which would help the ES in acquiring
the necessary energy directly from the generators or on the exchange.
Stakeholder: ES
IV.2.1.q. BUC-17: Reduce costs from longer battery life
For EVO and EFO, this BUC is included in BUC-03: Reduce EV ownership costs. One
objective of the ELECTRIFIC solution is battery-friendly charging which aims at improving the
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battery state-of-health and in the end should lead to a longer battery life. Following, EFO and
EVO can reduce their costs of EV ownership, when the battery was bought. And also for the
battery leaser, a longer battery life may be beneficial and lead to costs reductions. Due to new
or adjusted leasing contracts (e.g. based on the state-of-health), the BL might pass the arising
benefits on to its customers.
Stakeholder: BL, EVO, EFO
IV.2.1.r. BUC-18: Interests depending on business model
The ELSP will have various business interests and BUCs based on the chosen and applied
business model. Since the ELSP’s possibilities for different business models will be analyzed
during the project, no exact definition of a BUC will be given at this point. The BUCs will include
for example, maximizing the number of ELECTRIFIC users, establishing contracts with other
involved stakeholders and identification and application of suitable incentives. Other BUCs
could be the offer of additional services, e.g. consulting or pricing schemes.
Stakeholder: ELSP

IV.2.2. Users of ELECTRIFIC technical solution and their
Goal Levels
In this section, the terminology of users of the ELECTRIFIC technical solution, also referred to
as ELECTRIFIC actors, will be described shortly. In software engineering an actor is in
principle anything with behavior. Besides real-life persons this also includes organizations,
software and machines. However, within this document we describe high-level technical use
cases and therefore stay on a more abstract level of detail, which will then be refined in the
other technical work packages. For this reason, the actors identified in the following are a
subset of primary stakeholders, which actually interact with the ELECTRIFIC technical
solution.

User

<<in the EV>>

EVD

EVU

EFU

EFO

CSP

DSO

EVO

Figure 40. ELECTRIFIC technical solution users

As shown in Figure 40, a variaty of actors has been identified as users of the ELECTRIFIC
technical solution. One of these is the EV user (EVU). An EVU can either be an EV fleet user
(EFU) or an EV owner (EVO). An EVU becomes an EV driver (EVD) as soon as he enters an
EV. Furthermore, the EFO is also a user of the ELECTRIFIC solution. It can either be an
external EFO, operating public EVs (e.g. rental or carsharing) or an internal EFO, managing a
private company fleet, used by the employees. Also CSP and DSO are users of the
ELECTRIFIC technical solution.
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For each of the identified actors, goals and BUCs have been identified in chapter II. and section
IV.2.1.. These serve as a basis for the technical use cases. Consistent and suitable granularity
is a key aspect in defining use cases. Use cases can be seen as goals of the users when
interacting with a system. In order to perform the identification of goals and the stakeholders’
goal levels in a structured way, a modified method of A. Cockburn [Coc01] was applied. Figure
41 shows the proposed goal levels for an example of a material store, which was mapped here
to the ELECTRIFIC actors’ goals levels. Cockburn [Coc01] identifies a number of goal levels
reaching from high-level summaries to low-level sub-functions. It is important that the level of
abstraction, in which the use cases are written, is consistent and immediately obvious to the
reader. Therefore, at this stage we define that technical high-level use cases should be written
on the level of single user goals and not in a more detailed manner i.e. not on the level of subfunctions.

Figure 41. Hierarchy of goal levels mapped to Cockburn structure [Coc01]

The top level of the summary goals is reflected by the goals of the stakeholders as described
in the vision scenario (green border). The BUCs of all primary stakeholders are mapped onto
the second level of the summary goals (blue border). The funtional user goals are represented
by the high-level TUCs of ELECTRIFIC users, which are covered in this section (red border).
On the level below, subfunctions are described, providing a more detailed view on which user
interactions (yellow border) are part of the TUCs. The detailed user interactions are not part of
this document but are described in other technical deliverables, mainly D3.1. In the following,
this goal level hierarchy is provided for the four ELECTRIFIC actors (EVU, EFO, CSP, DSO).
IV.2.2.a. EVU Goal Levels
As shown in figure Figure 42, the overall goal of an EVU with ELECTRIFIC is to have an
improved e-mobility experience. This goal can be divided into subgoals, here referred to as
BUCs, which are covered in section IV.2.1.. With respect to the BUCs, various user goals with
the interaction of ELECTRIFIC can be identified, here referred to as TUCs. These again have
subfunctions, covered as user interactions, which are described e.g. in D3.1.
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EVU
Interaction

User Interact.

Figure 42. EVU Goal Levels

IV.2.2.b. EFO Goal Levels
The overall goal of the EV fleet operator for the participation in ELECTRIFIC is to increase
profit (cf. Figure 43). This goal can be archieved by (1) receiving incentive, (2) reducing costs
for EV ownership, (3) decreasing charging costs and (4) increasing the potential customer
base and (5) increasing the revenue from the EV fleet. The concrete technical use cases would
be to monitor fleet and battery/EV reallocation, to optimize charging via charging scheduling
and involving the users in charging with adequate incentives.
Increase
profit
Increase
revenue
from fleet

Receive
incent. for
participat.
Monitor fleet
and battery/EV
reallocation

EFO
Interaction

Reduce EV
ownership
costs

Schedule fleet
charging

EFO
Interaction

Overall Goal
Reduce EV
charging
costs

Increase
potential
cust. base

Involve users
in charging

EFO
Interaction

BUC

TUC
User Interact.

Figure 43. EFO Goal Levels

IV.2.2.c. CSP Goal Levels
Similar, to the EFO, the overall goal of the CSP is to increase profit, which again can be divided
into increasing the revenue and decreasing costs. The costs can be reduced due to
independence from the grid, which is a special case and not necessarily a goal for every CSP.
The remaining BUCs aim to increase the revenue. In the context of ELECTRIFIC the TUCs for
the EFO can be to ”setup smart charger”, to ”offer green and battery-friendly charging” and to
”monitor and manage CS”, i.e. optimize usage and utlization.
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Figure 44. CSP Goal Levels

IV.2.2.d. DSO Goal Levels
Similar to EFO and CSP, the overall goal of a DSO is to increase profit while stabilizing the
grid (see Figure 45). Different subgoals were identified as BUCs for the DSO within
ELECTRIFIC: Optimizing the distribution of grid capacity, utilizing local renewables, securing
grid stability, decreasing grid enhancement costs and usage of smart charging. In order to
achieve this, the TUCs comprise setup of the smart charger, setup of the capacity distribution
algorithm and shutdown of CS remotely.
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Utilize local
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Setup smart
charger

DSO
Interaction

Secure grid
stability
Setup capacity
distribution
algorithm

DSO
Interaction

Overall Goal
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DSO
Interaction
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User Interact.

Figure 45. DSO Goal Levels

IV.2.3. Technical Use Cases of ELECTRIFIC Users
Technical use cases typically capture a description of how a system is used by a user in order
to reach a certain user goal. Usually the system is perceived as a black box with which the
users interact via well-defined interfaces called system operations. A technical use case can
consist of different success and alternate flows which are particular ways of interacting with
the system.
Table 3 provides an overview of all ten high-level TUCs, that are defined on the level of the
user goals described before.
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Table 3. Technical Use Cases of ELECTRIFIC users

ID

Name

Actor

TUC-01

Plan and navigate a trip

EVU

TUC-02

View EV status information

EVU

TUC-03

Monitor fleet and battery/EV reallocation

EFO

TUC-04

Schedule fleet charging

EFO

TUC-05

Involve users in charging

EFO

TUC-06

Provide battery-friendly and cheaper charging

CSP

TUC-07

Monitor and manage CS

CSP

TUC-08

Setup smart charging

CSP, DSO

TUC-09

Setup capacity distribution algorithm

CSP, DSO

TUC-10

Shutdown CS remotely

DSO

The EVU which can either be an EFU or EVO, is directly related to two use cases namely view
EV status information and plan and navigate a trip (TUC-01 and TUC-02). The EFO is directly
related to three TUCs, namely monitor fleet and EV reallocation, involve users in charging, and
the schedule fleet charging (TUC-03 to TUC-05). The CSP is related to four TUCs, namely
green and battery-friendly charging, monitor and manage CSs, setup smart charger and setup
capacity distribution algorithm (TUC-06 to TUC-09). Finally, the DSO is also related to the last
two TUCs and additionaly can shutdown CS remotely (TUC-8 to TUC-10). Figure 46 provides
an overview of TUCs and involved actors.

TUC-02: View EV
status information

TUC-06: Provide batteryfriendly and cheaper charging

TUC-01: Plan and
navigate a trip

TUC-07: Monitor and
manage CS

EVU/EVD

<<extend>>

CSP
TUC-05: Involve users
in charging

TUC-08: Setup
smart charger

TUC-03: Monitor fleet
and battery/EV reallocation

TUC-09: Setup capacity
distribution algorithm

TUC-04: Schedule
fleet charging

TUC-10: Shutdown
CS remotely

EFO

DSO

Figure 46. UML Technical Use Case Diagram

76

D2.2– Initial description of scenarios, business requirements and use cases

Version 1.0
Date: 31/05/2017

In the following section, the ten high-level TUCs are described in detail. For that purpose a
light-weighted form of a template proposed by Cockburn [Coc01] is used. It allows to write
fully-dressed use cases in a structured way. Besides the ID, name of the TUC and primary
actors, which was already provided previously, it contains a brief summary, pre- and
postconditions, the main success flow, alternate flows and exceptions, if applicable.
A sucess flow is a specific sequence of actions/interactions between the actors and the system,
It is therefore a particular story of using the system. Here, the main success flow desribes the
standard sequence of actions, how it is envisaged to happen most of the time. In contrast the
alternate flow describes sequences of actions which differs from the standard flow. Also
potential exceptions should be mentioned.
IV.2.3.a. TUC-01: Plan and navigate a trip
The EVU can use ELECTRIFIC either to plan a trip or to find a CS/PoI and navigate the route.
In the process, a CS will/can be reserved. An EFU (external) additonally may book an EV via
ELECTRIFIC. The table below shows the detailed UC description.
Table 4. TUC-01 Description

ID

TUC-01

Name

Plan and navigate a trip

Created by

Benedikt Kirpes

Last Updated by

Benedikt Kirpes

Date Created

01.02.2017

Date Last Update

24.05.2017

Primary Actors

EVU (EVO or EFU), EVD

Summary /
Description

The EVU can use the ELECTRIFIC mobility services, which include trip
planning (activities and charging) and finding a CS/PoI.
EVU is registered with ELECTRIFIC.

Preconditions

EVU specified whether all CS should be included or only reservable.
EFU specified where to pick up and enter the EV. [only EFU]

Postconditions

EV is booked [external EFU]
CS is reserved [if selected by EVU]
1. EVU/EVD plans a trip [as external EFU with free floating: only plan
spontaneously | as external EFU with station-based: also plan in
advance possible]
2. ELECTRIFIC calculates multiple versions of the trip and displays
them to the user including a rating

Main Success
Flow

3. EVU/EVD selects one of the displayed trips
4. ELECTRIFIC proposes a suitable EV (in certain range) for the
selected trip to the EFU [only EFU]
5. EFU books the EV [only EFU]
6. ELECTRIFIC proposes the reservation of a CS during trip [if
available]
7. EVU/EVD reserves the CS
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8. ELECTRIFIC suggests options of CS reservation (timeslot and
charging capacity)
9. EVU selects a charging option (timeslot and charging capacity)
10. EFU picks up booked EV: EFU => EVD [only EFU]
11. EVD uses route navigation for selected trip
12. ELECTRIFIC calculates route
13. EVD gets notifications and is offered user choices during trip
 Changes in CS reservation (capacity, timeslot)
 Incentives
 Route adjustments
1a. EVD identifies nearest/best CS
2a. – 5a. [not applicable]
6a. ELECTRIFIC proposes the reservation of the CS
1b. EVU/EVD selects a PoI
Alternate
Flows

2c. ELECTRIFIC calculates multiple versions of trip (and provides
selection of pre-defined locations for return)
1d. EFU specifies area of picking up (manually or automatically) and the
destination
2d. ELECTRIFIC proposes suitable EV (based on current SoC,
destination/length of trip)
3d. EFU books EV
EX01-01: No suitable EV available [4. – 5.]

Exceptions

EX01-02: EFU rejects proposed EV [5.]
EX01-03: Reservation of CS not possible [6. – 7.]
EX01-04: No suitable trip found

IV.2.3.b. TUC-02: View EV status information
The EVU can use ELECTRIFIC to view certain status information about its EVs. The table
below shows the detailed UC description. EVO and EFU can view different types of information
here.
Table 5. TUC-02 Description

ID

TUC-02

Name

View EV status information

Created by

Benedikt Kirpes

Last Updated by

Benedikt Kirpes
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Date Created

01.02.2017

Primary Actors

EVU (EVO or EFU), EVD

Summary /
Description

The EVU can use ELECTRIFIC to view status information about their
EV.

Preconditions

The EV is set up to transmit data to ELECTRIFIC. ELECTRIFIC collects
and stores information about the EV.

Postconditions

-

24.05.2017

1. EVU requests EV status information from ELECTRIFIC for an EV
2. ELECTRIFIC provides requested EV status information
3. EVO can view EV status information
i. Battery information (SoH [currently: if battery is owned, maybe
for future scenario], SoC)
ii. Current range left [based on SoC, including ORM polygon]
iii. Max. possible range [based on SoH/battery capacity]
Main Success
Flow

iv. GPS location of EV
v. Statistics, historical data (aggregated view)


Trips (mileage)



Charging cycles (some of the information can be retrieved
via CANbus, some by connection with RFID card)



Battery SoH changes over time (Battery Health
Monitoring)



Accumulated mileage [for some EVs, check for scooters]



Accumulated time EV has been used

3a. EFU can view EV status information
i. Battery information (SoH, SoC)
ii. Current range information [based on SoC, including ORM
polygon]
Alternate Flows

iii. Max. range information [based on SoH/battery capacity]
iv. Statistics, historical data (aggregated view)

Exceptions



Battery SoH changes over time (Battery Health
Monitoring)



Accumulated mileage [for some EVs, scooters]

EX02-01: EV status information not available [2. – 3.]
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IV.2.3.c. TUC-03: Monitor fleet and battery/EV reallocation
The EFO can view battery/EV status information of the fleet. Based on the battery/EV status
information, some batteries/EVs of the fleet are possibly reallocated. The table below shows
the detailed UC description.
Table 6. TUC-03 Description

ID

TUC-03

Name

Monitor fleet and battery/EV reallocation

Created by

Franz Gotzler

Last Updated by

Diana Sellner

Date Created

01.02.2017

Date Last Update

23.05.2017

Primary Actors

EFO
This TUC considers long-term battery management.

Summary /
Description

ELECTRIFIC proposes a reallocation plan for the batteries (or specific
EVs if the battery is a fixed part) of an EFO by taking into account EV
and battery status information. The reallocation plan is optimized for
homogenizing fleet battery ageing.

Preconditions

ELECTRIFIC has information about the EV and battery history.

Postconditions

1. EVO/EFO requests Battery/EV status information from
ELECTRIFIC for an Battery/EV
2. ELECTRIFIC provides requested Battery/EV status information
3. EVO can view EV status information
i. Battery information (SoH, SoC)
ii. Max. range information [based on SoH/battery capacity]
iii. GPS location of EV
iv. Statistics, historical data (aggregated view)

Main Success
Flow



Trips (mileage)



Chargings (cycles, % of fast and slow chargings,..)



Battery SoH changes over time (Battery Health
Monitoring)



Accumulated mileage [for some EVs, check for scooters]



Accumulated time EV has been used

4. EFO requests optimal reallocation to another physical location based
on EV and battery status informations (SoH of battery, charging
profile of an build-in Battery, usage profile of Battery/EV (how often,
in witch area))
5. ELECTRIFIC (Charging scheduler, long term decision) proposes an
optimized reallocation plan
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6. EFU (by incentives) or EFO reallocate the EV according to
reallocation plan
Alternate Flows

Exceptions

EX03-01: EV status information not available [2. – 6.]
EX04-01: Input data erroneous [4. – 6.]

IV.2.3.d. TUC-04: Schedule fleet charging
The EFO can charge multiple batteries/EVs scheduled by ELECTRIFIC. This way,
ELECTRIFIC can optimize the charging processes. The table below shows the detailed UC
description.
Table 7. TUC-04 Description

ID

TUC-04

Name

Schedule fleet charging

Created by

Diana Sellner

Last Updated by

Diana Sellner

Date Created

01.02.2017

Date Last Update

23.05.2017

Primary Actors

EFO
This TUC considers short- to mid-term (instantaneous and decisions
within one week) battery / EV management.

Summary /
Description

ELECTRIFIC proposes the EFO a charging schedule that is on the one
hand optimized to maintain fleet battery health, but is also grid friendly
and maximizes the use of renewable energy during the charging.
Additionally, the energy price is considered to minimize charging cost.
ELECTRIFIC also controls the charging proceses.
The EFO provides Electrific with information about charging station,
booking schedule and Battery/EV information (Battery/EV information
may already be in the ELECTRIFIC system).

Preconditions

ELECTRIFIC has the possibility to control the charging stations.
The EFO has a special contract with lower fees, that allows the Electrific
system to adjust a certain percentage of the day the capacity and maybe
also including stopping the charging process.

Postconditions

In case of stopping the charging process, the EFO needs to be informed,
because the charging process maybe can’t automatically be started
again and it is needed to plug the Battery/EV in again.
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1. EFO wants to charge several batteries / EVs
2. EFO provides information to ELECTRIFIC (available CS, battery
history, booking schedule)

Main Success
Flow

3. ELECTRIFIC creates a charging schedule based on this information
and also battery health information and charging recommendations,
that are given by Electrific. The schedule is optimized to maintain
fleet battery health, but is also grid friendly and maximizes the use
of renewable energy during the charging. Additionally, the energy
price is considered to minimize charging cost.
4. EFO adaptes the charging plan if needed and accepts the plan.
5. EFO plugs in the EVs / the battery to the CS / Charger (according to
charging schedule)
6. EVs are charged according to charging scheduler (by CS backend)
7. In case of a critical situation in the grid, the Electrific system can
reduce the charging speed or even stop the charging process in
order to stabilize the grid.

Alternate Flows

EX04-01: EV status information not available [3. – 7.]

Exceptions

EX04-02: Input data erroneous [3. – 7.]
EX05-03: No Batteries/EV pluged in [6. -7.]

IV.2.3.e. TUC-05: Involve users in charging
The EFO can use ELECTRIFIC to involve EFUs in the charging process of the EVs, mainly
motivated by incentives. The incentives can be related to 1) energy savings due to charging
done by the EFU in case of free flow systems (this avoids staff approaching the EVs (probably
with other EVs) in order to do the plugging or battery swapping), 2) reduced staff costs due to
approaching EVs to a pre-defined return location, or 3) reduced battery costs due to batteryfriendly charging. The incentive structure will be further analyzed during the project.
ELECTRIFIC then will reward the EFUs for charging the EVs. The table below shows the
detailed TUC description.
Table 8. TUC-05 Description

ID

TUC-05

Name

Involve users in charging

Created by

Jaroslav Červinka,
Annabel Subias, Ona
Riera

Last Updated by

Annabel Subias, Ona
Riera

Date Created

01.02.2017

Date Last Update

24.05.2017

Primary Actors

EFO, EFU
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ELECTRIFIC involves EFUs in the EV charging process with incentives
if he/she books the proposed EV (with low SoC) and plugs it in some of
the proposed CS or approaches it to a certain return location.
EFO has defined return locations and provided this information to
ELECTRIFIC.

Preconditions

EFO has specified and provided an incentive structure to ELECTRIFIC.
ELECTRIFIC informs EFO periodically about SoC (real-time) and SoH
(monthly) of their fleet EVs.

Postconditions

1. EFO provides booking schedule to ELECTRIFIC
2. ELECTRIFIC proposes EV for selection to EFU (TUC-01)
3. EFU selects and books an EV

Main Success
Flow

4. ELECTRIFIC detects when EVs need to be charged (considering
SoC) and how they need to be charged (considering SoH)
5. ELECTRIFIC detects suitable CS during the trip that the EV can
reach with the current SoC
6. ELECTRIFIC proposes to use the CS and charging mode by offering
an incentive to EFU
7. EFU accepts or declines the proposal from ELECTRIFIC
3a. ELECTRIFIC detects return location (CS, hotspot, etc) near the
desired destination

Alternate Flows

4a. ELECTRIFIC offers with a reward an EV that needs to be charged
in a certain return location
5a. EFU accepts or declines the proposal from ELECTRIFIC

Exceptions

EX05-01: No hotspot nearby

IV.2.3.f. TUC-06: Provide battery-friendly and cheaper charging
The CSP can via ELECTRIFIC offer additional charging services to his customers and to other
EVUs. On the one hand, these services provide real competitive advantages, e.g. cheaper and
battery-friendly charging, on the other hand can be seen as marketing activities, e.g. green
charging. The table below shows the detailed UC description.
Table 9. TUC-06 Description

ID

TUC-06

Name

Provide battery-friendly and cheaper charging

Created by

Michael Achatz

Last Updated by

Michael Achatz

Date Created

01.02.2017

Date Last Update

22.05.2017
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Primary Actors

CSP, DSO, EVU

Summary /
Description

The CSP can via ELECTRIFIC offer additional charging services to his
customers (EVUs). The information will be provided to the CSP by the
DSO and is icentivised by the CSP. The provided charging possibilities
cover the range of battery-friendly charging, availability of renewables
and cheaper charging possibilities.
DSO informs CSP about possible cheaper and battery-friendly
charging.

Preconditions

DSO incentivizes this information to the CSP.
Renewables are available.

Postconditions

1. DSO monitors availability of renewables and provides this
information to ELECTRIFIC.
2. ELECTRIFIC provides information about available renewables to the
CSP.
3. CSP via ELECTRIFIC provides cheaper charging with renewables to
his customers (EVUs). This will reduce the price for the used kWh at
the charging station or the time-based charging price in €.

Main Success
Flow

4. CSP via ELECTRIFIC provides battery-friendly charging to his
customers (EVUs). The charging stations will reduce the max.
available charging capacity in respect to the connected EV to max.
22kW for the charging process. This charging capacity differs from
the EV models and the charging stations. It reflects an average rate.
5. EVU uses cheaper and batter-friendly charging from CSP
6. ELECTRIFIC stores and analyzes data about the behaviour of the
CSP’s customers regarding green and battery-friendly charging
7. ELECTRIFIC considers this information for the trip planning and
provides this information to the CSP
8. CSP can use green and battery-friendly charging for marketing
purposes

Alternate
Flows

-

Exceptions

EX06-01: Some cars have a different charging rate in regards to max.
22kW for the charging process. It might be the case, that even 50 kW
are no problem for the battery and won’t affect it in a negative way.
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IV.2.3.g. TUC-07: Monitor and manage CS
The CSP (internal or external) can setup a CS, private home charging or public CS. CSP can
monitor and manage this (and multiple) CS via ELECTRIFIC. The table below shows the
detailed TUC description.
Table 10. TUC-07 Description

ID

TUC-07

Name

Monitor and manage CS

Created by

Ammar Alyousef,
Wolfgang Duschl

Last Updated by

Klaus Kohlmayr

Date Created

01.02.2017

Date Last Update

22.05.2017

Primary Actors

CSP

Summary /
Description

Concerning about the management of CS. The Management is
operated by an external Charging station Management Software
(CSMS), which is connected through an API

Preconditions

Proper installation and configuration of the CSMS.

Postconditions

1. CSP/private owner sets up CS (private or public) for ELECTRIFIC
2. ELECTRIFIC collects data of all setup CSs
3. CSP views CS information, e.g. QoS,renewable utilization,
a. Main Information is provided by the CSMS

Main Success
Flow

4. CSP controls the CS usage
a. CSP can allow/forbid
ELECTRIFIC)

CS

reservations

(include

in

b. CSP can set the charging price
5. Reservation of the chargingstation is delegated to the EVU
a. The EVU has the choice if he wants to consider CS not
supporting reservation
Alternate Flows

-

Exceptions

-
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IV.2.3.h. TUC-08: Setup smart charging
The DSO has the possibility to adjust the parameters/algorithm of smart charging via Electrific
before running. The table below shows the detailed UC description.
Table 11. TUC-08 Description

ID

TUC-08

Name

Setup smart charging

Created by

Ammar Alyousef,
Wolfgang Duschl

Last Updated by

Ammar Alyousef,
Wolfgang Duschl

Date Created

12.05.2017

Date Last Update

22.05.2017

Primary Actors

DSO, CSP

Summary /
Description

In ELECTRIFIC there is a component which allows smart charging
processes in terms of critical grid situations. Ideal charging is influenced
by different parameters like for example: connection capacity, maximum
loading speed, available capacity, customer preferences or PQ-values).
The DSO has the possibility via Electrific to adjust this smart charging
process.
The DSO is adjusting/configuring the smart charger for his own needs.

Preconditions

Postconditions

The smart charger need access to all relevant data for a decicion
making process in terms of charging like for e.g. real time data about
PQ-values, customer preferences or physical limits in terms of CSs,
vehicles and grid.
1. DSO is verifying the parameters for smart charger operating to fulfill
individual requirements
2. ELECTRIFIC is using these adjustments instead of the standard
parameters to identify and perfrom smart charging.
3. DSO provides real-time data about PQ-KPI

Main Success
Flow

4. ELECTRIFIC monitors the specific network area and identifies a
critical grid situation during charging processes
5. CSP via ELECTRIFIC reacts to this with smart charging in order to
fulfill contractual requirements
a. ELECTRIFIC considers smart charging parameters, e.g.
Voltage KPI, Harmonics KPI, Frequency KPI
b. ELECTRIFIC considers user priorities, e.g. SOH, Full Battery,
and Greenness
c. ELECTRIFIC adjusts charging capacities

Alternate Flow

DSO is not changing the standard algorithms
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No standard configuration of the smart charging algorithm is not yet
available

IV.2.3.i. TUC-09: Setup capacity distribution algorithm
The DSO has to possibility to adjust the parameters/algorithm of distribution capacity service
via Electrific before running. The table below shows the detailed UC description.
Table 12. TUC-09 Description

ID

TUC-09

Name

Setup capacity distribution algorithm

Created by

Ammar Alyousef,
Wolfgang Duschl

Last Updated by

Ammar Alyousef,
Wolfgang Duschl

Date Created

12.05.2017

Date Last Update

22.05.2017

Primary Actors

DSO, CSP

Summary /
Description

The power forecaster predicts the available power capacity (kW) and
percentage of renewables for a specific asset (e.g. grid or PV) within a
time period. For each charging station there is certain guarantee of the
capacity (for e.g. 20kW of the 50kW connection power can always be
used). After extracting all guaranteed capacities from the initial
available capacity, the remaining capacity will be distributed among the
remaining CSPs
The capacity distribution between the CSs of one CSP is done by the
CSP itself. Therefore, the CSP is receiving a certain amount of capacity
and decides how the algorithm has to distribute the remaining capacity.

Preconditions

Postconditions

The DSO is adjusting/configuring the capacity distribution algorithm
among the CSPs for his own needs.
The CSP is adjusting/configuring the capacity distribution among his
charging stations.
1. DSO is verifying the parameters for the power forecaster algorithm
to fulfill the requirements of the DSO.
2. ELECTRIFIC is using these adjustments instead of the standard
algorithm (providing the capacity proportional between the CSP) to
identify and perfrom capacity distribution.

Main Success
Flow

3. DSO provides real-time data about PQ-KPIs and capacity
information
4. ELECTRIFIC makes a forecast regarding the specific network area
and distributed the available capacity among the CSPs
5. CSP is verifying the parameters of the power planning algorithm to
fulfill the requirements of the CSP (e.g. blocking one charging station
and giving the whole capacity to the other one).
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6. ELECTRIFIC is using these adjustments instead of the standard
algorithm to identify and perfrom capacity distribution among
charging stations of one CSP.
7. DSO and CSP are not changing the standard algorithm
Alternate Flows

8. DSO is changing the standard algorithm, but the CSP not
9. CSP is changing the standard algorithm, but DSO not

Exceptions

No standard configuration of the capacity distribution algorithm is not
yet available (on DSO and/or CSP-level).

IV.2.3.j. TUC-10: Shutdown CS remotely
The DSO can use Electrific to force a shutdown of a certain CS remotely (this functionality will
only be used in critical situations not identified by the Electrific).
Table 13. TUC-10 Description

ID

TUC-10

Name

Shutdown CS remotely

Created by

Ammar Alyousef,
Wolfgang Duschl

Last Updated by

Ammar Alyousef,
Wolfgang Duschl

Date Created

12.05.2017

Date Last Update

22.05.2017

Primary Actor

DSO

Summary /
Description

Even with the use of network services (for example with controllable
charging stations), the grid operator is still obliged to ensure a stable
electricity network. In addition to a contractual basis for the grid-based
control of the consumers, it is essential that the grid operator
nevertheless has the possibility to shut the charging stations off for a
limited time to compensate critical grid situations.

Preconditions

ELECTRIFIC provides and interface, by which the DSO is able to
shutdown the charging station if necessary.
The charging causes a load during a critical situation.

Postconditions

1. DSO indicates a critical grid sitation which differs from the contractual
situation

Main Success
Flow

2. DSO is waiting a certain time where no reactions of ELECTRIFIC
were performed to improve the grid situation
3. ELECTRIFIC is not reacting correctly on this critical situation
4. DSO is using the provided API from ELECTRIFIC to send out an
signal, for immediately shutting down the charging station for a
certain time.
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5. ELECTRIFIC forwards this message and the charging station.
6. The charging station is shut down for a certain time

Alternate Flow

-

Exceptions

EX10-01: Some CSs don’t support a remotely shuting down.

IV.3. Requirements
In this section of the deliverable, we present the high-level requirements of ELECTRIFIC. We
specify and work with two categories of requirements. The first category are the business
requirements of the ELECTRIFIC overall solution. These business requirements are derived
from the business use cases and are relevant for all primary stakeholders.
The second category of requirements are the high-level technical requirements, which can be
divided into functional and quality (non-functional) requirements. The functional requirements
are derived from the technical use cases and consider all actors (EVU, EFO, CSP, DSO) of
the ELECTRIFIC technical solution.

IV.3.1. Business Requirements
Based on the primary stakeholders’ business models and goals with the ELECTRIFIC overall
solution, we defined business use cases. From the BUCs, the business requirements have
been identified and will be presented in the following table.
Table 14. Business Requirements

ID

Name

Requirement

Prio

BUC

Stake
holder

BR-01 Provide
contracting
scheme

ELECTRIFIC shall provide a
contracting scheme which will be
specified according to the business
model.

med

BUC-02
BUC-06
BUC-07
BUC-08
BUC-10
BUC-12
BUC-18

all
primary

BR-02 Provide
incentive
structure

ELECTRIFIC must provide an
incentive structure (financial and
psychological) which will be
specified during the project. It will
be used to incentivize end users to
use ELECTRIFIC and to adhere to
suggestions made by
ELECTRIFIC.

high

BUC-02
BUC-04
BUC-05
BUC-08

EFU,
EVO,
CSP,
EFO,
CStO,
ES
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BR-03 Provide
pricing
structure

ELECTRIFIC shall provide a
pricing structure which will be
specified during the project.

low

BUC-02
BUC-05
BUC-08

EVU,
DSO,
CSP,
ES

BR-04 Influence
driving
behavior

ELECTRIFIC shall include means
to analyze user driving behavior
and influence the behavior in order
to improve towards more gridfriendly charging and energyefficient driving.

high

BUC-01
BUC-04
BUC-05

EFU,
EVO

BR-05 Provide addtl.
information

ELECTRIFIC shall provide users
with information about their EV and
e-mobility in general, e.g. facts, tips
& tricks to increase knowledge and
awareness.

low

BUC-01
BUC-04
BUC-05

EFU,
EVO

BR-06 Utilize CSs
with
connected
renewables

ELECTRIFIC shall provide means
to better utilize charging stations
which are directly connected to
renewable energies.

low

BUC-09
BUC-13

CSP,
CStO,
DSO

BR-07 Provide
ELECTRIFIC must provide relevant
information
information about repercussions on
about
the power quality by e-mobility.
repercussions

high

BUC-11
BUC-12

DSO

BR-08 Forecast of
energy
consumption

ELECTRIFIC shall provide
information to improve forecasting
of energy consumption from emobility (specifically from the
ELECTRIFIC users).

med

BUC-16

ES

BR-09 Establish
driver profiles

ELECTRIFIC shall provide insights
in psychological motivations and
hurdles in order to apply adequate
incentives for improving the gridfriendliness of e-mobility.

high

BUC-04

EVO,

BUC-05

EFU,

BUC-18

ELSP

high

BUC-18

ELSP

high

BUC-02

EFO

BR-10 Provide a
business
model

ELECTRIFIC must establish and
provide a business model for the
potential ELECTRIFIC Service
Provider.

BR-11 Minimize EV
fleet battery
ageing

ELECTRIFIC must provide means
to minimize battery ageing of a
fleet.

BR-12 Increase EV
availability

ELECTRIFIC shall increase the
range and availability of EVs by
optimizing charging and allocation
of an EV fleet.

BUC-03

med

BUC-02

EFO,

BUC-03

EFU
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BUC-14

IV.3.2. Technical Requirements
In this chapter high-level technical requirements are described. They are divided into functional
(i.e. what a system does) requirements and quality/non-functional (i.e. how the system should
work) requirements.
IV.3.2.a. Functional Requirements
Functional requirements define the input, output and behaviour of a system and its
components. They are derived from the technical use cases given in the previous chapter and
define what the system should be able to do. This can contain for example data manipulation,
data processing or calculations. The following table lists all functional requirements the system
must meet on a high-level. Further and more detailed requirements for the separate parts will
be specified by the technical work packages.
Table 15. High-level Functional Requirements

ID

Name

Requirement

Prio

UC

Actor

FR-01

Support trip
planning

ELECTRIFIC must support the
EVU/EVD in planning his activities
(time and order) and trips. This
includes suggestion of a suitable
route, place and time to charge (and
which EV to use, in case of the EFU).

high BUC-01
TUC-01

EVU

FR-02

Find and
reserve CS

ELECTRIFIC shall provide intelligent
charging services by supporting the
EVU in identifying, finding and doing
the reservation of CS.

high BUC-01
TUC-01
TUC-05

EVU,
CSP

FR-03

Identify and
book EV

ELECTRIFIC shall identify a suitable
EV for a trip planned by an EFU to
rent from a fleet and book this EV
from the EFO.

high BUC-01
TUC-01
TUC-05

EFU

FR-04

Navigate
route

ELECTRIFIC shall provide an internal
technical solution for navigating the
route which is proposed for a trip,
considering different optimization
criteria.

low

BUC-01
TUC-01

EVU

FR-05

Test and
apply
incentives

ELECTRIFIC must support testing and high BUC-02
use of different incentives (financial
TUC-01
and psychological) presented to the
TUC-05
EVU via a GUI..

EVU
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FR-06

Retrieve and
show EV
information

ELECTRIFIC must provide the
possibility to input EV data (Battery
information (SoH, SoC), Range, GPS
location, driving behavior) into the
system and means to show
(processed) EV data (e.g. battery
health monitoring) to the EVO/EFO.

med BUC-01
TUC-02
TUC-03

EVO,
EFO

FR-07

Create reallocation
plan for
Batteries/EVs

ELECTRIFIC must propose
reallocation (of physical location)
plans and charging schedules for
Batteries / EVs in the fleet to the EFO.

low

BUC-02
BUC-03
TUC-03

EFO

FR-08

Retrieve fleet
data

ELECTRIFIC must provide means to
input fleet-related data to the
ELECTRIFIC System, e.g. Battery /
EV characteristics, booking / usage
plan.

high TUC-03
TUC-04
TUC-05

EFO

FR-09

Provide
charging
schedule

ELECTRIFIC must provide a charging
schedule to the EFO (based on
available CS, battery health, charging
history, booking schedule, energy
price, %REN, and available energy).

high BUC-02
TUC-04
TUC-09

EFO

FR-10

Retrieve grid
data

ELECTRIFIC must provide
mechanisms for enabling grid
operators to input data about the
power grid (renewable feed-in
percentage, power quality, etc.).

high TUC-01
TUC-04
TUC-05
TUC-06
TUC-08
TUC-09
TUC-10

All

FR-11

Retrieve CS
data

ELECTRIFIC must provide means to
input data about the CSs (usage,
utilization, prices etc.).

high TUC-01
TUC-04
TUC-05
TUC-06
TUC-08
TUC-09
TUC-10

All

FR-12

Create power
distribution
plan

ELECTRIFIC must provide some kind
of power capacity distribution
functionality that distributes all
available power capacity among the
CSPs on the same feeder line and
reacts to critical grid events with smart
charging.

med BUC-11
BUC-12
BUC-15
TUC-09

DSO,
CSP

FR-13

Manage and
control CS

ELECTRIFIC must enable the CSP to
manage and control its CS, e.g.
shutting down a CS or reduce the
charging capacity to a certain limit.

low

CSP

BUC-10
TUC-07
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FR-14

Provide
batteryfriendly
charging

ELECTRIFIC must provide batteryfriendly charging methods and
strategies for EFO and EVO.

med BUC-03
BUC-07
BUC-17
TUC-01
TUC-04
TUC-05
TUC-06

EVO,
EFO

FR-15

Provide
green/gridfriendly
charging

ELECTRIFIC must provide green/gridfriendly charging taking into account
the availability of renewables and
power quality.

high BUC-07
TUC-01
TUC-04
TUC-05
TUC-06
TUC-08

CSP,
DSO,
EVU

FR-16

Retrieve and
apply
user/usage
profiles

ELECTRIFIC shall provide means to
input user data and attitudes and
based on that derive usage profiles.

high BUC-01
BUC-04
BUC-05
TUC-01
TUC-05

EVU

FR-17

Setup EV

ELECTRIFIC must enable the EVO
and EFO to setup their EVs (and/or
Batteries) for usage with the system.

high TUC-01
TUC-02
TUC-03
TUC-04
TUC-05

EVO,
EFO

FR-18

Setup CS

ELECTRIFIC must enable the CSP to
setup its CSs for usage with the
system.

high TUC-06
TUC-07
TUC-08
TUC-09

CSP

FR-19

Setup smart
charging

ELECTRIFIC must enable CSP and
DSO to setup smart charging
together.

high BUC-10
BUC-11
BUC-12
BUC-15
TUC-08

CSP,
DSO

FR-20

Define
distribution
algorithm

ELECTRIFIC must enable the DSO to
define a capacity distribution
algorithm.

low

BUC-11
BUC-12
BUC-15
TUC-09

DSO

FR-21

Shutdown CS

ELECTRIFIC must enable the DSO to
shut down charging stations remotely
in case of (grid) emergency.

low

BUC-11
BUC-12
BUC-15
TUC-10

DSO

IV.3.2.b. Non-Functional/Quality Requirements
In this section we describe the non-functional requirements of the ELECTRIFIC project. These
specific criterias describe how the system should behave, i.e. they act as constraints or
restrictions in which the system should operate. The requirements are divided into different
categories, each of equal importance. In every section, there is a high level description

93

D2.2– Initial description of scenarios, business requirements and use cases

Version 1.0
Date: 31/05/2017

provided together with some important requirements. A more detailed description can be found
in the annex.
Security
ELECTRIFIC will follow the industry best practices to protect its communications and data.
This will ensure the safety and integrity of the ELECTRIFIC system and its users. This is a vital
aspect in an online system to gain and keep the trust of the different users, therefore the
system has to offer following protections.
 ELECTRIFIC provides protection against the OWASP top 10 security risks [OWA13].
 ELECTRIFIC offers a secure environment for personal information provided by users.
 Communication channels among ELECTRIFIC’s components and subsystems are
encrypted and protected.
 ELECTRIFIC’s databases are hidden behind firewalls; access can only be possible
through designated gateways.
Privacy
The list of privacy requirements for ELECTRIFIC addresses its users privacy taking into
account the EU and trial country local legislation and the users consent to the collection of their
personal and system generated data.
 ELECTRIFIC ensures that personal data storage is compliant with the applicable
national and European regulations.
 ELECTRIFIC avoids the collection of data about non-related topics.
 ELECTRIFIC algorithms are designed in such a way that prevents any potentially
discriminating system behaviour based on race, gender, ethnicity or age.
Usability
Usability defines the interaction of the user and the ELECTRIFIC system. It is vital to provide
an interface as user-friendly as possible, to make sure that the application will be used by a
wide audience.
 ELECTRIFIC ADAS UI app offers a intuitive and straight-forward user experience with
minimal user interactions.
 ELECTRIFIC ADAS registration web UI provides a transparent way to create a user
account.
Performance
A fast responding system is a necessary aspect of a good working product. It is highly
recommended to define a fixed interval of response times for each component of the
ELECTRIFIC project, so that every architectural decision takes these predefined constraints
into account.
 User-perceived performance should be as optimal as possible using asynchronous
techniques
 Estimated average response times between a request initiated from the User Interface
components and the backend services should be below 3000ms.
Scalability
Scalability is considered as one of the most vital aspect of the project. A highly scalable system
means that when the workload on different components rises, the system should still have the
same functionalities and performance levels as usual. High traffic periods should not be a
reason for ELECTRIFIC’s malfunctioning.
 Electrific should be able to scale-up in terms of the load when the infrastructure required
for the application is provided.
 It is envisaged that different elements of the application will need to be scaled more
than others (i.e ADAS AI services) and the application should be designed to
accommodate this.
Availability
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In today’s world, services need to be online and available at any time, also during updates,
maintenance and traffic peaks. Availability also concerns the working of ELECTRIFIC when
malfunctions occur.
 As a Micro Services architecture is put in place, the different services will work
autonomously. This means services can be restarted without impacting other services.
 Maintenance and upgrades can result in a reduced capacity, but not a complete outage
 ELECTRIFIC is designed to support clustering and load balancing to support high
availability.
Backup and Recovery
To make sure that data is not lost after system failures, security breaches or similar issues,
multiple backups need to be created of the different ELECTRIFIC databases. In other words:
regular automated backups and recovery workflows should be provided in the ELECTRIFIC
project.
 ELECTRIFIC will have documented, automated backup and recovery procedures
 Backup and restore policies will exist for each part of the solution and might be different.
 When data is restored, integrity of the data must be maintained.
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V. SUMMARY AND CONCLUSION
The main goal of ELECTRIFIC is the seamless integration of e-mobility into the power grid
while increasing EV attractiveness and maximizing the share of renewable energy.
This document forms the basis for all other workpackages in the project, by providing a high
level view on the ELECTRIFIC ecosystem, both in a generic and trial specific way, and by
defining high-level business and technical use cases and requirements.
Within the description of the ELECTRIFIC ecosystem first all stakeholders and interrelations
as well as business models were analysed, understood and extrapolated into a view consistent
with the ELECTRIFIC objectives and its software solution. Secondly, the ecosystem was
analysed under a socio-economic view-point, which comprises contracts among the
stakeholders, how they price the services that they trade amongst each other, and finally how
the end-users of the ELECTRIFIC software solution, the so-called ADAS (Advanced Driver’s
Assistant System), can be incentivized to follow the guidelines for optimized behaviour.
Furthermore, the technical environment was described including the infrastructure, the existing
standards and the data flows with and without the ELECTRIFIC solution. Last, the legal
situation within the ELECTRIFIC ecosystem was analysed and described.
Based on the analysis of stakeholders, their goals, and the three perspectives in the generic
vision scenario of the ELECTRIFIC solution, use cases were identified and defined. As a first
step, eighteen business use cases (BUC) for all primary stakeholders of the ELECTRIFIC
overall solution (including e.g. contracts and business models) were derived from their
scenario goals. The four main stakeholders (EVU, EFO, CSP, DSO) are the actual users of
the ELECTRIFIC technical solution. For them, a hierarchy of goal levels was established in
order to ensure the correct granularity and level of abstraction for their use cases. From the
business use cases, we derived ten technical use cases (TUC) for all four users of the
ELECTRIFIC technical solution. After definition of all use cases, twelve business requirements
(BR) for the ELECTRIFIC overall solution were defined. These business requirements are
mainly based on the business use cases and to some extent on parts of the technical use
cases. The business requirements consider all primary stakeholders. From the technical use
cases, technical requirements for the ELECTRIFIC technical solution were derived. Twentyone functional requirements (FR) for the users were identified. Additionally, quality
requirements (QR) were defined, which describe the non-functional aspects of the software
solution. They are divided into security, privacy, usability, performance, scalability, availability,
backup and recovery (see appendix).
The different parts of the document will serve as the starting point for more in depth analysis
in the other workpackages. For example the stakeholders defined in this document will be used
throughout all workpackages, and the high-level use cases and requirements will help to form
more detailed use-cases and requirements in all technical work packages (WP3-7).
Furthermore, the description of the trial scenarios will help to define meaningful tests in their
concrete domains (WP3-7, 8). Also the description of business and pricing models as well as
incentives will serve as a foundation for in depth analysis in WP6 and the creation of a business
model of ELECTRIFIC (WP9). Legal and technical framworks within the ELECTRIFIC
ecosystem will be used as a starting point for the market analysis (WP9) and will also be
considered in the technical implementations and trials (WP3-7).
The feedback of the other workpackes will ultimately be used in the next iteration of the project
to refine this document which will conclude in D2.4.
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VII. APPENDIX
VII.1. Security
ID

Type

Description

QR-01

Security ELECTRIFIC provides a secure authentication process to get access
to the system, protected from unauthorized parties (hashing,
password, ,...)

QR-02

Security ELECTRIFIC shall sanitize all user inputs

QR-03

Security ELECTRIFIC will have protection against different kinds of software
injections (OWASP A1)

QR-04

Security ELECTRIFIC shall authenticate users using a username & password
in a secure way (OWASP A2).

QR-05

Security ELECTRIFIC user’s password shall respect the system password
policy (OWASP A2).

QR-06

Security ELECTRIFIC user’s sessions shall expire after a predefined inactivity
timeout. (OWASP A2)

QR-07

Security ELECTRIFIC shall not keep its users passwords in plain text, but a
hash of it (OWASP A2).

QR-08

Security ELECTRIFIC shall never send untrusted data to the user’s web
browser without proper escaping or validation (OWASP A3).

QR-09

Security ELECTRIFIC shall provide protection against cross-site scripting
(OWASP A3).

QR-10

Security ELECTRIFIC will never expose a reference to internal implementation
object without proper access control check (OWASP A4).

QR-11

Security ELECTRIFIC security settings should be defined, implemented, and
maintained for every component (OWASP A5)

QR-12

Security ELECTRIFIC shall secure the communication channels among its
components and subsystems using SSL/TLS. (OWASP A6).

QR-13

Security ELECTRIFIC shall encrypt the messages exchanged among its
components and subsystems using public-key cryptography (OWASP
A6).

QR-14

Security The systems that collect traffic data audit logs must be trusted (i.e.,
logged data cannot be modified/altered) (OWASP A6).

QR-15

Security Access to traffic data shall require strong authentication (and the use
of an agent CA Access Control) (OWASP A6).

QR-16

Security ELECTRIFIC user’s identity shall be kept in a separate, firewalled
database (OWASP A6).
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QR-17

Security ELECTRIFIC needs to perform access controls checks on each
function called on every server (OWASP A7)

QR-18

Security ELECTRIFIC shall provide protection against Cross-Site Request
Forgery (OWASP A8)

QR-19

Security ELECTRIFIC shall not use third party components with known
vulnerabilities (OWASP A9)

QR-20

Security ELECTRIFIC shall not give full access rights to third party
components, if not necessary for full functionality (OWASP A9)

QR-21

Security ELECTRIFIC shall not use untrusted data to redirect or forward users
to other webpages (OWASP A10)

QR-22

Security ELECTRIFIC shall not expose information about its subsystems.

QR-23

Security ELECTRIFIC shall not use portable storage media for storage of
user’s personal data.

QR-24

Security ELECTRIFIC linkage information required for re-identification of a user
and its anonymized data shall be stored in a separate database
utilizing server-side encryption and tightly controlled access.

QR-25

Security ELECTRIFIC shall ensure that all individuals working with personal
data within the project are aware of their responsibilities and
obligations with respect to data protection

QR-26

Security ELECTRIFIC will enforce a password policy of at least 8 characters
long (letters and numbers)

QR-27

Security Primary data will not be replicated in other locations except for
necessary short-term caching for performance purposes and to
facilitate analysis

QR-28

Security Only the network ports needed for the system to work shall be open

VII.2. Privacy
ID

Type

Description

QR-29

Privacy ELECTRIFIC is required to ask the acceptance of the terms of service
from the user.

QR-30

Privacy Information regarding user’s location and user preferences are not
linked with specific user identity.

QR-31

Privacy ELECTRIFIC subsystems and components shall only share user’s
personal information on a need-to-know basis.

QR-32

Privacy ELECTRIFIC users, subsystems and components shall only have the
minimum access privileges required to fulfil their roles.

QR-33

Privacy ELECTRIFIC shall ensure privacy protection concerning user location
tracking
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QR-34

Privacy Data de-identification of data shall be performed as close as possible
to the point and time at which the data are collected.

QR-35

Privacy ELECTRIFIC should not track individuals and use this information in its
algorithms

QR-36

Privacy GPS data shall be anonymized

QR-37

Privacy Location triangulation techniques based on the received signal strength
shall not be used.

QR-38

Privacy By default the system traces only the EVs and not the individuals
(stored data is only used for the mobility pattern extraction).

QR-39

Privacy GPS Data generated by EVs need to be gathered according to a
unique identifier, but it shall not be possible to identify the user linked
to the EV.

QR-40

Privacy The head and tail of the GPS trace delivered to the system shall be
removed.

QR-41

Privacy GPS Data shall be degraded using various techniques (e.g. spatial
obfuscation, adding noise to the collected data to reduce the spatial
granularity, userlocation discretization approaches)

QR-42

Privacy ELECTRIFIC shall ensure privacy protection concerning users' journey
plans

QR-43

Privacy Users' journey plans must be kept as private as possible; therefore any
necessary sharing of a user's journey plans shall be anonymised, up
until the point at which this becomes unavoidable

QR-44

Privacy ELECTRIFIC shall ensure privacy protection concerning user profiling

QR-45

Privacy ELECTRIFIC shall not collect data on users:
 Medical conditions
 Sexual orientation
 Criminal history
 Religion
 Ethnicity
 Political views

QR-46

Privacy User profiles created shall be used solely for the purposes of the
ELECTRIFIC system and shall not be disclosed to a third party without
a user’s explicit consent.

QR-47

Privacy ELECTRIFIC shall implement an informed consent procedure.

QR-48

Privacy Informed consent procedure shall ensure that participants are informed
about :
 What personal data is tracked and what observations are made.
 Why the personal data is requested/obtained.
 What the personal data will be used for.
 How their personal data will be handled.
 What will be involved in taking part of trials.
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Any potential risk they incur by participating in the user studies,
trials or using the application.
How their participation is completely voluntary.
How they can omit answering any questions they feel
uncomfortable with.
How they will be able to withdraw from the studies at any time
without penalty and for any reason.

QR-49

Privacy Informed consent procedures shall be obtained in a digital format.

QR-50

Privacy Participants shall obtain a copy of the consent form (e.g. via email).

QR-51

Privacy Informed consent procedures shall ensure explicit user’s consent
regarding data coming directly from mobile devices used as sensors
before the application is installed.

QR-52

Privacy Registered users shall be able to provide permission for storing their
user profile.

QR-53

Privacy Registered users shall be able to confirm that they are over 18 years
old.

QR-54

Privacy Users must confirm that they have read, understand and agree with
ELECTRIFIC's privacy and data protection statement.

QR-55

Privacy Registered users shall be able to remove their registration with
ELECTRIFIC

QR-56

Privacy Personal information shall be under user’s control

QR-57

Privacy Collected personal data shall not be transferred outside EU

VII.3. Usability
ID

Type

Description

QR-58

Usability ELECTRIFIC will notify the users of its status. Users should know
what is going on during all times, while using the mobile ADAS app.

QR-59

Usability ELECTRIFIC will provide documentation and help for its users

QR-60

Usability ELECTRIFIC will also be take into account accessibility requirements
(e.g. color blindness)

QR-61

Usability ELECTRIFIC will provide a consistent user interface

VII.4. Performance
ID

Type

Description

QR-62

Performance ELECTRIFIC must be able to provide the proposed itineraries in
an average time which is less than 3 seconds.

QR-63

Performance The processing of information must be fast enough to ensure
feedback is correct and timely.
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VII.5. Scalability
ID

Type

Description

QR-64

Scalability ELECTRIFIC will use concurrence techniques to take care of high
throughputs

QR-65

Scalability ELECTRIFIC will provide a system that supports for at least 20% of
its registered users concurrently.

VII.6. Availability
ID

Type

Description

QR-66

Availability

ELECTRIFIC tries to achieve up-time of 95%.

QR-67

Availability

Subsystems availability failures shall automatically trigger alerts

QR-68

Availability

ELECTRIFIC shall have a corrective maintenance procedures

VII.7. Backup and recovery
ID

Type

Description

QR-69

Backup
and
recovery

An ELECTRIFIC component recovery workflow will be initiated
when predefined criteria are fulfilled.

QR-70

Backup
and
recovery

Recovery workflow in ELECTRIFIC can only be initiated by
authorized admins.

QR-71

Backup
and
recovery

ELECTRIFIC’s classes, files, records, metadata, administrative
parameters and other data will be backed up.

QR-72

Backup
and
recovery

ELECTRIFIC’s recovery workflow will use the following criteria
when working out a restoration chronology: importance of the
system, duration needed to restore system and duration of outage
of system.

QR-73

Backup
and
recovery

ELECTRIFIC will provide logical or physical backups depending on
the database

xviii

D2.2– Initial description of scenarios, business requirements and use cases

Version 1.0
Date: 31/05/2017

xix

