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Executive Summary
Metrics are the basis for any successful project. In ELECTRIFIC, metrics are used for three
different purposes, namely:
(1)

to measure the degree to which project objectives are achieved,

(2)

to enable decision support and the evaluation of project components, and

(3)

to support the definition of incentives.

In order to find metrics that are suitable for these purposes, as a first step, existing metrics
have been evaluated concerning the fitness to project needs. The findings are presented within
this deliverable.
In the first chapter a short introduction is presented helping to foster a common understanding
of terms and definitions used in this deliverable. In chapter two existing metrics are evaluated
concerning the fitness of use for evaluating the achievements of the project related to the four
project objectives, namely:
(1)

simplifying the use and convenience of EVs,

(2)

improving the interoperability and being agnostic to car- and battery manufacturers,

(3)

improving the grid-friendliness of EV charging and increasing the intake of
renewables, and

(4)

aligning EV behaviour with grid requirements by adequate incentives.

To these concerns several metrics have been identified as being useful either as is, or as being
a basis for defining new metrics better suited to evaluate the achievement of the single
objectives. In chapter three existing metrics are presented that can be used to evaluate the
different components of the ELECTRIFIC solution or that can be used as decision support
within these components. Also to this end a wide range of existing metrics were found and
evaluated to be suitable for the use as is or as a basis for new metrics.
To conclude, this deliverable presents a valuable set of metrics which can be used for
evaluating the achievement of ELECTRIFIC objectives, for evaluating ELECTRIFIC
components or can be used for decision support within the different components. However,
also shortcomings in a few areas are shown where research needs to be done and new metrics
need to be defined that might serve better the specific needs within the project. The definition
of new metrics will be part of a later deliverable.
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I. INTRODUCTION
From the very beginning of the project, evaluation of project objectives must be kept in mind.
Concretely this means that criteria need to be defined according to which project objectives
can be evaluated at an intermediate and final level. The first deliverable in WP2 is therefore
dedicated to the analysis of current metrics that might be used straightforwardly to evaluate
project objectives. The analysis of existing metrics will be the starting point for the development
of ELECTRIFIC specific metrics throughout project activities which will be laid down in the
second version of the document (D2.4) at a later stage.
In order to do this, project terminology with regards to metrics will be defined in the introduction
(I.1), followed by an introduction to ELECTRIFIC objectives and their interrelations (I.2). The
document in furthermore split in chapters II containing metrics for the evaluation of the overall
project objectives and III containing both the evaluation of system components which are
constructed in order to fulfil the project objectives and metrics which are used as input and
decision parameters for these system components to work properly.

I.1. Terminology
In order to provide a common understanding of the metrics in ELECTRIFIC it is mandatory to
analyse project goals and objectives. To this end an ELECTRIFIC terminology needs to be
defined consistently with the language used in the scenario building.
Goal: The overall goal that the project ELECTRIFIC aims at achieving. It does not need to be
measurable, but is rather the expression of an idea in a short statement like: ELECTRIFIC
aims at increasing the attractiveness of electro mobility while at the same time striving at
opportunities to use continuously more renewable energy sources in a stable power grid.
Objective: An objective is more concrete than a goal. An objective is a means to fulfil the
overall goal(s) and can have sub-objectives. It is closer to measurability than a goal. An
analysis of the objectives can reveal inconsistencies in the overall goal by unveiling trade-off
relationships. For ELECTRIFIC objectives metrics are analysed in order to evaluate the degree
of fulfilment.
Means: The means to fulfil the project objectives need to be both tangible and measurable.
They consist of strategies and measures involving actors and stakeholders of the project.
Metrics: The term metric originally derives from the distance metric “meter”, a meaning that is
consistent with the mathematical definition of a metric as a distance function between two
elements. It has been used widely in the context of business issues where metrics are mostly
used to measure the performance of a product, customer satisfaction etc1. Originally it is
therefore quantifiable, i.e. a figure and unit like 3%. In a business context the definition is
vaguer and allows for a set of indicators which can also be subjectively motivated. For
ELECTRIFIC, especially dealing with “attractiveness” this interpretation is more adequate than
the mathematical origin. So the definition of a metric in ELECTRIFIC is: “A figure or a set of
figures (and accompanying units) that represents a degree of fulfilment of a phenomenon and
which is derived via measurement or evaluation”. A key performance indicator (KPI), is an

1

„Standards of measurement by which efficiency, performance, progress, or quality of a plan, process, or product can be
assessed.“ http://www.businessdictionary.com/definition/metrics.html
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instantiation of a metric for the case of business performance.. It is used by companies to track
e.g. the performance of an employee. For ELECTRIFIC, the broader term “metrics” is used.
Measuring Methodology: The measuring methodology prescribes in detail how, where, and
when the measuring that results in values of the metrics should be carried through.
The hereby defined terms have the following hierarchically dominated relations: An objective
can have one or more metrics that directly grasp to which degree it is achieved. It also has
means that are employed i in order to achieve the objective – these means can be evaluated
with one or more metrics. Furthermore, some means need specific metrics as input and
decision parameters. Each metric needs a measuring methodology (not graphically
represented) and a unit.

Goal

Ojective 1

Objective n
Metric Z

Metric A, Metric B

Means 1.1

Means 1.m

Metric A

Means n

Metric B, Metric C

Metric Z

Figure 1. Goal-Objective-Means Terminology.
This presentation aims at clarifying the terminology and the relationship between terms. As is
can be seen easily, objectives and means can be measured by different or the same metrics
for verifying. This presentation obviously does not reflect an analysis of specific goals,
objectives, means and their interrelationships.in ELECTRIFIC. This is done in the following
subsection.

I.2. Metrics in ELECTRIFIC
In ELECTRIFIC metrics are used for different purposes and serve different kinds of value.
More concrete, metrics have a triple function in ELECTRIFIC:
1. They are used to measure the degree to which project objectives are achieved.
2. On the level of the project means, e.g. the optimization of routing alternatives or the
use of ELECTRIFIC ADAS, they are used as decision support and for the evaluation
of the project components. In some cases this means that there is a strong overlap
between the metrics evaluating a system component and a metric evaluating an
objective.
3. Lastly, on the same taxonomic level, but with a different notion, metrics are used as
support for incentives.
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In order to evaluate the relationship of metrics among themselves, as a first step the
interdependencies of the objectives need to be analysed. This facilitates to put metrics into the
right context.
The Figure below shows the graphical mapping of the goal-means-metrics framework onto the
case of ELECTRIFIC:
GOALS of Electrific
Obj 2:
Interoperability:
normalized,
agnostic EV data
layer

Obj 1: Simplify
EV use and
conveniency

Obj 3: Grid
frienliness +
max local intake
REN

Obj 4: Align
behavior with
grid req. via
incentives

MEANS of Electrific
•
•

Scalable EV travel
planning algorithms
energy management
algorithms

•
•

•
Battery friendly
charging algorithms
Battery health
monitoring and support

Design & impl. Of
decentralized, nonintrusive grid moni-toring
& control scheme

•
•
•

Psychol. Factors for best
rewards
Market based mgmt
Opt. Finan.
incentive

METRICS of Electrific
Ordinal
evalutaion of
attractiveness by
users

Compatibility
between ELECT.
ADAS and 2
manufacturers

Reduce # of
operator voltg.
interventions
Increase share of
batt REN

Increase adher. to
ADAS
Increase # gridfriendly charg.
Ops.

Figure 2. The Goal-Means-Metrics Framework in ELECTRIFIC.

The overall goal of ELECTRIFIC is split into the following objective and means:


Objective 1: Simplifying the use and conveniency of EVs by
o





Objective 2: Improving the interoperability within the electro mobility eco-system
by
o

Means 2a: Creating a common EV mobility data model, openAPIs and EV
mobility services and by

o

Means 2b: Developing battery friendly charging algorithms
monitoring to support EV allocation in a car fleet

and health

Objective 3: Improving grid friendliness and increase the intake of renewable
energy by
o



Means 1: Creating EV travel planning and energy management algorithms, that
are integrated into the navigation, battery management and charging system.

Means 3: Designing and implementing a decentralized, non-intrusive grid
monitoring and control scheme

Objective 4: Aligning the behaviour of EV users with grid requirements by
o

Means 4a: Specifying psychological variables that ensure adequate incentive
structures and applying these to design optimal financial incentives and by

o

Means 4b: Designing algorithms that provide a balance between user’s needs
and grid requirements while charging
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For each of these objectives metrics need to be identified that enable the representation of the
objective achievement. For the means metrics are needed that evaluate to which degree they
support the achievement of project objectives and metrics that support the decision making in
the ELECTRIFIC solutions:


System decisions are based on feedback from internal components, some of them get
the input via metrics e.g. on battery health. These metrics can be the same as the ones
used for customer information, but not necessarily so.



Incentives, obviously, depend on information given by metrics – this is a specific case
of decision support. Finally, project evaluation will measure to which degree project
objectives have been fulfilled. In order to implement this measurement, metrics are
needed, some of which will be created during the course of the project.

Following the taxonomy of the goal-objective-means system, first of all metrics relating to the
objectives will be presented, then metrics for the ELECTRIFIC solution decision support, and
finally metrics as an incentive support.
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II. METRICS FOR THE EVALUATION OF
ELECTRIFIC PROJECT OBJECTIVES
The overall goal of ELECTRIFIC can be subsumed in the following way: ELECTRIFIC aims at
increasing the attractiveness of electro mobility while at the same time striving at opportunities
to use continuously more renewable energy sources in a stable power grid. This can be
structured according to the four different objective areas, which have briefly been described in
the last section. 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 3. Objectives of ELECTRIFIC.
However, looking more closely into these objectives, it becomes obvious that they are not fully
independent of each other as shown in Figure 4. Objective 2, the interoperability and
manufacturer agnosticity has some impact on the conveniency and simplicity of EV use: the
more interactions, data formats and interfaces are standardized, the easier it is for an EV user
to switch from one EV to another. Depending on the personality, this may make EV usage
simpler and thus more attractive – however the link is not strong, as for other some users a
more standardized approach will counteract their intention to stand out from the mass. For
these users a solution will have to be found.
The interdependency between objectives 1 and 3 is much stronger and has the nature of a
trade-off: The more requirements from the point of view of grid stability and renewables
integration are given, that impact the way that the charging process is to be organized, the less
easy-going the usage of EVs will be for the users. This conflict of goals must be actively offset,

15

D2.1– Report on existing metrics for EV performance,
grid integration and rewards

Version 1.0
Date: 28/02/2017

otherwise it will either hamper the spread of EV usage or endanger grid stability and renewable
integration. This is the function of objective 4, the creation of adequate incentive schemes for
EV users to align EV usage with grid requirements. To stress the importance of this ambition,
the incentive scheme creation has been made a stand-alone objective. In other words, only
through the introduction of objective 4 is possible for the metrics of objective 1 and 3 to improve
due to the implementation of ELECTRIFIC. Therefore objective 4 is close to a means for the
other objectives so also another means e.g. a novel battery or car construction could provide
this link.

Obj 2:
Interoperability/
Agnostics

Obj 1: Simpl.
EVuse
conveniency

SEMANTICS:
Defined via Attractiveness
Differentiated acc. to user
profiles/user groups

Obj 3: Grid +
local REN
friendliness
Obj 4:
Successfull
Incentives
Not a standalone
objective – rather
a means/subgoal!

Figure 4. Interdependencies between the Objectives.
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Use

and

The idea behind this objective is that EVs will become more wide-spread the more attractive
and convenient they are. A generic measure that can be used to evaluate this objective is the
”attractiveness of EV usage”. This measure can be split into two separate objectives: one, to
rate the EV as a vehicle (usually compared directly to a combustion engine vehicle (CEV), and
two, to rate the support mechanisms that are made available to the driver of the EV, such as
apps to help with charging or in-car navigation systems (ADAS).
As a first step towards providing an EV metric of attractiveness (for both the vehicle and the
usage), metrics found in literature and practice have been evaluated. Overall, we found that,
based on an analysis of existing literature of both EV owners and EV sharing users, very few
researchers have looked at variables of user satisfaction with or attractiveness of EVs.
In cases where authors did research the proposed variables, EV attractiveness was usually
rated by participants in a lab situation, and was unspecific to the actual task of driving or
charging the EV. In many cases, they did not meet the criteria to be useful for the research
that we propose in our project. They only evaluate self-reported satisfaction/subjective
attractiveness, which is unreliable, and they would be too lengthy and time-consuming to run
outside the lab, i.e. in field experiments.
Regarding existing metrics of satisfaction with in-car EV applications, we find it useful to
enumerate a few examples of research methodologies in previous literature, as this might give
us a starting point for possible ways to identify user’s feelings towards the ELECTRIFIC ADAS,
and how the ELECTRIFIC ADAS will help us to improve EV attractiveness in turn. Similar
concerns as with previous metrics used to study vehicle attractiveness and satisfaction apply
to this research, however.
To support the above evaluation, we will now provide a list of sources, with short descriptions
of their research and how attractiveness was measured in each case. A brief evaluation on
why this measure might be useful or not is also provided for each individual listing. In the end,
the findings will be summarized in a table.

II.1.1. Attractiveness of EVs
Several studies have already been dealing with the topic “attractiveness of EVs”. Zimmer et.
al. [Zi+09] carried out research to provide an integrative approach to the assessment of the
potential environmental impact of EVs. The researchers measured EV attractiveness from the
perspective of potential buyers and used qualitative interviews (targeting basic attitudes and
motives, barriers and affinities, notions and prejudices, knowledge, ignorance or prejudice
among potential target groups), along with a conjoint analysis in the form of a simulated buying
decision.
Potential buyers were presented with a variety of prices, emission rates, costs of fuel/energy,
range and charging time and asked how attractive and suitable for everyday use they found
them, as well as which vehicle they would purchase. PHEVs, BEVs and CEs were compared.
The main evaluation criterion they used was which cars were chosen to be purchased, which
gave the researchers ideas on the impact strength of those variables that were varied between
vehicles.
In the context of ELECTRIFIC, this type of analysis can only be integrated with great difficulty,
as we are mostly dealing with car share EV users and not prospective buyers. It does not seem
useful or applicable for our trial cases because of length considerations as well.
Similarly, Jensen et. al [JCM13] measured user preferences for CVs or EVs by way of
purchase intentions. The metric they used was a simple binary choice, asked after reading
attributes describing the cars. The attributes in this case were driving range, purchase price,

17

D2.1– Report on existing metrics for EV performance,
grid integration and rewards

Version 1.0
Date: 28/02/2017

driving costs/fuel costs, driving performance/top speed, and environmental performance
described by carbon emissions.
In the case of ELECTRIFIC the described analysis wouldn’t be very useful, as purchase
intentions are not relevant for users of EV sharing services.
Franke et. al. [Fr+12] carried out studies to test range anxiety and how experienced users of
EVs differed from novices. Along with measures of range anxiety, the researchers asked their
participants the following questions to measure EV satisfaction: “The electric vehicle has
fulfilled my daily mobility needs” (“will fulfil” at T0), and “Planning car usage (planning
of routes and charging duration) was a big challenge” ( “will be” in T0). Users indicated
agreement to these statements using a 6- point Likert scale (a type of rating scale) ranging
from 1 ( do not agree at all ) to 6 ( fully agree ).
For ELECTRIFIC this metric can be considered as useful. However, as it only measures the
subjective attitude of a user, it does not necessarily have to translate to their in-car behaviour
and can only be a starting point for further investigations. A similar metric should be provided
to users in a field experiment of ELECTRIFIC.
In the case of ELECTRIFIC the described analysis wouldn’t be very useful, as purchase
intentions are not relevant for users of EV sharing services. Also, it does not directly relate to
the attractiveness of driving an EV, which is the topic of ELECTRIFIC. Survey based
information does, as mentioned before, not necessarily translate into real action.
Lieven et. al. [Li+11] asked participants in their study in the form of questionnaires about criteria
that were important to them. Criteria included price, range, performance, environment,
durability, and convenience. The researchers produced from these answers 14 percentageindices representing the importance of each criterion. Based on the perceived importance of
singular criteria, it is possible to create an evaluation on how attractive EVs are compared to
CEVs.
The proposed questionnaire only measures the subjective attitude of a user, it does not
necessarily translate into their in-car behaviour and actual preferences while driving, and is
therefore not useful in the context of ELECTRIFIC trials.

Figure 5. Conceptual Model of Vehicle Performance [Ski14].
Skippon [Ski14] investigated participants’ ideas of vehicle performance to create a conceptual
model of it (cf. Figure 5). The vehicles in question were CEVs, however, the author discusses
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implications for EVs. The graph below outlines which subcategories of vehicle performance
users judged as important when driving a car.
This research measures only subjective attitudes outside of the actual driving experience and
does not necessarily have to translate to their in-car behaviour and actual preferences while
driving. Therefore, it is less relevant for ELECTRIFIC.
However, measuring some of these aspects during participants’ trial drives might give us
further ideas which aspects improve EV attractiveness when it comes to the actual driving
performance of a vehicle.
Caperello and Kurani [CaK12] conducted a trial during which participants were allowed to test
drive a PHEV. These participants took part in both an interview before, during and after the
trial phase, and filled out questionnaires. In the interview, participants were asked about
expectations, their satisfaction with driving the PHEV, recharging, overall perceptions of the
vehicle, and motivations for and against the idea of PHEVs. One of the metrics used in the
questionnaire was “positive purchase PHEV intention”, and they provided their PHEV design
priorities through two priority-evaluator games.
Like with previous studies, especially the qualitative interview part of this work once again
measures only self-reported attitudes outside of the actual driving experience and does not
necessarily have to translate to their in-car behaviour and actual preferences while driving.
Therefore, it doesn’t help in the context of ELECTRIFIC. Additionally, as mentioned previously
purchase intention is not a good metric for our trials as we are dealing with EV sharing users.
To conclude, several studies have already analysed the influence of various factors on the
attractiveness of EVs. A focus of many of these have been on exploring the main factors driving
actual buying decisions. However, as this topic is not part of ELECTRIFIC the value of this
studies is rather low in our domain. However, two studies have shown promising approaches
which can serve as a basis for our work in ELECTRIFIC. The table below provides a summary
of our findings.

Table 1. Summary of metrics concerning the attractiveness of EVs.
Metric

Choice of EV

Measures

Unit

Value/Range

Qualitative interviews, simulated buying
decision

n.a.

n.a.

Calculation Method

Interviews regarding various issues

Evaluation

This type of analysis can only with great difficulty be integrated
into our program as we are mostly dealing with car share EV
users and not prospective buyers. It does not seem useful or
applicable for our trial cases because of length considerations
as well.

Applied in ELECTRIFIC

no, new metric necessary

Metric

EV satisfaction

Measures

Unit

Value/Range

19

D2.1– Report on existing metrics for EV performance,
grid integration and rewards

Survey question

Version 1.0
Date: 28/02/2017

6-point Likert
scale

1 (do not agree at all)
to 6 (fully agree)

Calculation Method

Average across all participants

Evaluation

We consider that this is a useful metric, however, as it only
measures the subjective attitude of a user, it does not
necessarily have to translate to their in-car behaviour and can
only be a starting point for further investigations. A similar
metric should be provided to users in a field experiment.

Applied in ELECTRIFIC

maybe; new, similar metric might be better adapted to our
needs.

Metric

EV purchase intention

Measures

Unit

Value/Range

Buy/not buy the car

Binary choice

Binary

Calculation Method

n.a.

Evaluation

As with Report 1, the described analysis wouldn’t be very
useful in our trials, as purchase intentions are not relevant for
users of EV sharing services.

Applied in ELECTRIFIC

no, new metric necessary

Metric

Attractiveness of EVs compared to CEV

Measures

Unit

Value/Range

Questionnaire

Scale of importance

n.a.

Calculation Method

answers 14 percentage-indices representing the importance
of each criterion

Evaluation

As with report 2, the proposed questionnaire only measures
the subjective attitude of a user, it does not necessarily have
to translate to their in-car behaviour and actual preferences
while driving, and is therefore not useful for our trials.

Applied in ELECTRIFIC

no, new metric necessary

Metric

Vehicle performance

Measures

Unit

Value/Range

Qualitative interviews

n.a.

n.a.

Calculation Method

n.a.
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Evaluation

As with report 2 and 5, this research measures only subjective
attitudes outside of the actual driving experience and does not
necessarily have to translate to their in-car behaviour and
actual preferences while driving. However, measuring some
of these aspects during participants’ trial drives might give us
further ideas which aspects improve EV attractiveness when
it comes to the actual driving performance of a vehicle.

Applied in ELECTRIFIC

maybe; new, similar metric might be better adapted to our
needs

Metric

Positive purchase PHEV intention

Measures

Unit

Value/Range

Qualitative interviews, survey question-naires

positive purchase n.a.
PHEV intention,
priority-evaluator
games

Calculation Method

n.a.

Evaluation

As with report 2,5,6, especially the qualitative interview part of
this study once again measures only subjective attitudes
outside of the actual driving experience and does not
necessarily have to translate to their in-car behaviour and
actual preferences while driving. Additionally, purchase
intention is not a good metric for our trials as we are dealing
with EV sharing users.

Applied in ELECTRIFIC

no, new metrics needed

II.1.2. Attractiveness of in-car applications
The attractiveness of in-car applications is not much different from out-of-the-car applications.
In general a good usability is needed for an application to be attractive. The ISO 9241-11 and
ISO/IEC 9126-4 standards recommend three metrics for usability, namely Effectiveness,
Efficiency, and Satisfaction.
The studies shortly described in the following are also following these suggestions. Döbelt et.
al. [Sc+15a] tested the usability and attractiveness of a charging application developed to be
used in EVs. In their study, the researchers asked both naïve users as well as experts to test
the usability of their app. The app was evaluated on three dimensions: effectiveness of the app
to solve a task, efficiency of the system, and satisfaction of the user with the software. Metrics
used in order to evaluate the usability of the in-car app were: for effectiveness, the success
rate of the tasks given to the users and how much help they received per task by the researcher
(rated on a scale: no help needed, one hint, many hints, task was not finished). For efficiency,
time necessary to finish a task in minutes. User satisfaction was measured with a questionnaire
of 35 items, and via specific user feedback on what should be improved.
We consider that some of these tasks and measures could be useful to help us evaluate the
attractiveness of the ELECTRIFIC ADAS. While this would be a good first step to test
prototypes and usability in the lab, it is generally better to assess satisfaction with a tool like
the ELECTRIFIC ADAS via having EV drivers use the app in a field experiment. In that
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moment, the here proposed measures would be too extensive and lengthy to practically
implement.
Schmalfuß et. al. [Sc+15] provided users with a smart charging system and handed out
questionnaires to assess the charging system (CC). In particular, suitability was assessed with
an item asking how “easy it is to integrate in daily routine”, perceived effectiveness was rated
with a similar item, and one statement, “the implementation of CC is acceptable” was used to
assess acceptability of their system. The researchers also assessed willingness to use CC in
the project and afterwards.
Another measure for motivation to use the CC was a questionnaire in which participants were
asked to distribute a total of 100 points to 3 given categories (“contribution to grid stability”,
“contribution to integration of renewable energies” and “reward for participation”) and one
open-ended category. The Exercise Self-Determination Scale from Ryan and Deci [28], which
is a scale that measures motivational orientations, was adapted to CC and participants were
asked to fill it out, answering statements like “I can do something good, when I am involved in
controlled charging” on a 6-point Likert scale ranging from 1 (completely disagree) to 6
(completely agree). The scale includes items targeting Intrinsic Motivation, External
Regulation, Introjected Regulation, Identified Regulation, Amotivation.
Similarly to some of the previous reports, the scales might be useful only to give a first idea
about users’ perceptions of ELECTRIFIC ADAS, but due to length considerations and in-lab
use only, might not be a valid metric to reveal user satisfaction with the ELECTRIFIC ADAS
(and therefore their EV experience). Optimally, similar assessments should be done in the
course of field trials.
The table below again provides a summary of our findings. In general all metrics found are
suitable to be used within the ELECTRIFIC project to evaluate the attractiveness of the in-car
application developed.
Table 2. Summary of metrics concerning the attractiveness of in-car applications.
Metric

Effectiveness

Measures

Unit

Value/Range

Completion Rate, # Help Needed

Percent

0-100%

Calculation
Method

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠 =

# 𝑡𝑎𝑠𝑘 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑
𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑡𝑎𝑠𝑘𝑠

or

# ℎ𝑒𝑙𝑝 𝑛𝑒𝑒𝑑𝑒𝑑
𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑡𝑎𝑠𝑘𝑠
Evaluation

The effectiveness is a very common and universally applicable metric. It
is therefore also usable with ELECTRIFIC

Applied in
ELECTRIFIC

Yes, this metric will probably be used in ELECTRIFIC to evaluate the
attractiveness of the in-car application.

Metric

Efficiency

Measures

Unit

Value/Range

Time

Time scale (e.g.
minutes)

0-infinite
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𝑡𝑖𝑚𝑒 𝑠𝑝𝑒𝑛𝑑 𝑓𝑜𝑟 𝑐𝑜𝑚𝑝𝑙 𝑡𝑎𝑠𝑘𝑠
# 𝑡𝑎𝑠𝑘 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑

Evaluation

The efficiency is a very common and universally applicable metric. It is
therefore also usable with ELECTRIFIC

Applied in
ELECTRIFIC

Yes, this metric will probably be used in ELECTRIFIC to evaluate the
attractiveness of the in-car application.

Metric

Satisfaction

Measures

Unit

Value/Range

Survey question, user feedback

Likert scale,
points, text

n.a.

Calculation
Method

n.a.

Evaluation

The satisfaction is a very common and universally applicable metric. It
is therefore also usable with ELECTRIFIC

Applied in
ELECTRIFIC

Yes, this metric will probably be used in ELECTRIFIC to evaluate the
attractiveness of the in-car application.
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II.2. Objective 2: Improve Interoperability and be
Agnostic to Car- and Battery-Manufacturers
The purpose of this objective is to foster the creation of a normalized EV data layer and by that
improving the interoperability of ELECTRIFIC solutions with the e-mobility ecosystem. In order
to do so (1) all kinds of external data sources should be homogenized and (2) the ELECTRIFIC
ADAS approach and data layer should be made agnostic to car and battery manufacturers as
well as to ADAS developers. While the homogenization mainly relates to a technical, semantic
and syntactic level, the creation of an agnostic ADAS approach and data layer additionally
includes an organizational and business-related level. In order to evaluate the second part,
within this project was defined that the ELECTRIFIC approach should be compatible and
agnostic to at least two major manufacturers of batteries, cars and ADAS.
According to the IEEE, interoperability is defined as ”The ability of two or more systems or
components to exchange information and to use the information that has been exchanged”
[Ge+91]. Interoperable systems can provide and accept services between each other and work
together. This means, that different systems can use the same data formats and can
communicate with the same protocols. Typically this condition also requires certain common
standards. Connectivity and compatibility are weaker types than interoperability. If one system
is more dominant and not dependent on open standards, a second system adapted to work
with the first system, is only compatible, not interoperable. In general, interoperability can be
defined on four levels: technical, syntactic, semantic and organizational [Re+14].
In order to identify interoperability needs for ELECTRIFIC, first it has to be analzyed, on what
layers, besides the data layer, interoperability would be desirable. As a first step, these layers
need to be defined for the e-mobility ecosystem and then in a second step mapped to
ELECTRIFIC. On technical hardware level (charging infrastructure, e.g. plugs), and on
informational data level (communication protocols, e.g. OCPP 2.0, ISO/IEC 15118),
interoperability is essential in order to integrate EVs and charging into an emerging smart grid.
On both levels, needs for standards have to be identified. Current and future standards need
to be adapted and integrated in order to ensure interoperability of the ELECTRIFIC approach.
Various research has been carried out, considering layers of interoperability in the e-mobility
ecosystem.

Figure 6. EM-ISA Overview [Sc+13].
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Two facets of interoperability were identified within the EU COTEVOS project. Those are
essential aspects according to Rodriguez et al.: First, the ”interoperability of e-mobility
solutions with electric network management procedures and [second, the] interoperability
between different e-mobility developments is expected to result in lower prices and extended
services availability for final users” ([RMZ15], p.1). In order to identify interoperability layers for
the e-mobility ecosystem, researchers have discussed several interoperability reference
architecture models for application with e-mobility. The models include the Smart Grid
Architectural Methodology (SGAM), European Commission's Mandate 490 (EU-M490),
National Institute of Standards and Technology (NIST) and the IEEE 2030 Smart Grid
Interoperability Reference Model (SGIRM). In different models, different layers were identified
[Ch+15].
One approach aiming at the definition of a reference architecture in the e-mobility ecosystem
is the suggestion of a generic information system architecture for e-mobility (EM-ISA), which
is based on the SGAM (Figure 6). This model could also be used to support analyzing
interoperability of the ELECTRIFIC solution. The five layers of EM-ISA are:


the business layer (business view on information exchange)



the function layer (ICT function between grid and EV)



the data layer (data object types and relation types, physical and logial data types)



the communication layer (information exchange with protocols)



the element layer (elements and componens of the ecosystem)

The layers presented here are interdependent and can be mapped on each other, e.g. the
communication protocols support functions and exchange data. Interoperability and
standardization have to be considered on all layers of the EM-ISA. Scope and domain extend
the model in two further dimensions [Sc+13].
Another approach for identifying interoperability layers in the e-mobility ecosystem is a
reference architecture for e-mobility by Brand et al. [Br+15]. Three layers are proposed: a
business layer, an application layer, an infrastructure layer which are connected by business
services. The purpose of this model is to facilitate the interoperability between parties of emobilty and electricity markets.
Reaching full interoperability of the ELECTRIFIC solution is a difficult task due to many different
standards on the various layers [Le+15][Ch+15]. On all layers various standards exist.
Unfortunately, they are not consistently applied throughout different regions. Asia, Europa,
North-America all propose and apply different standards, e.g. SAE J1772 (plug types &
charging modes) vs. IEC 62196 (plug types) & IEC 61851 (charging modes). This is
problematic, because optimized interoperability would strongly support roaming and crossborder charging which are important factors for ELECTRIFIC and a unified European e-mobility
ecosystem. Also defining the minimal required information is an essential factor in order to
fulfill interoperability. At least a certain set of data fields should be mandatory, whereas other
fields could be exchangeable [RMZ15]. Assessment and testing of interoperability is an
essential task. The COTEVOS project discovered methods for interoperability testing and
assessment.
The endeavor of identifying and defining concrete metrics for interoperability has been tackled
by science regularly, but until now interoperability was not considered a condition which could
be quantified with any kind of metric. Nevertheless, it is essential to somehow assess, measure
and report interoperability. Some models provide means for doing this [RCL13].
The most popular approach is the Levels of Information Systems Interopeability (LISI)
reference model (Figure 7). For each interoperability attribute (procedures, applications,
infrastructure, data), the system is given a degree in a scorecard-like approach. The maturity
model has five levels, reaching from level 0 (isolated) to level 4 (enterprise).
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Figure 7. Overview of the LISI Maturity Model [Kas01].
The metric types (Figure 8) are dependent on whether a single system (generic) or multiple
systems (expected, specific) are considered. Based on the number of different characteristics
inside the attributes, multiple sub-levels are defined. Result of this measurement is the LISI
Level, e.g. G2b. This means, that this system has a generic level of 2 (functional) with sublevel b.

Figure 8. LISI interoperability metrics [Re+14].
Based on these results, different systems can be assessed regarding their interoperability with
each other in an interoperability matrix (Figure 9).
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Figure 9. Sample interoperability matrix [Re+14].
This LISI approach is used for measuring technical interoperability. Extensions were defined
in order to include organizational and operational interoperability. For measuring
interoperability as specified in the objective, this method is only partly suitable. Mapping this
LISI model to e-mobility is not straightforward. In the context of ELECTRIFIC extending this
method and coupling it with the layers from EM-ISA could support assessing the technical
interoperability.

Figure 10. ISIMM overview [StM12].
Another approach is the Information Systems Interoperability Maturity Model (ISIMM) which is
based on the LISI model (cf. Figure 10). It puts more focus on the technical detail than the LISI
model.
ISIMM also consists of five computing environment maturity levels and attributes/layers with
sub-levels (cf. Figure 11). This model has a similar approach as LISI, also considering
qualitative scorecard-based inputs but no quantifiable metrics.
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Figure 11. ISIMM interoperability measures [StM12].
Other less common approaches are the Spectrum of the interoperability model, the
Quantification of interoperability methodology, the Interoperability assessment methodology
and the Layered interoperability score [Re+14]. Unfortunately, no real quantifiable metrics are
currently available for measuring the interoperability of the ELECTRIFIC solution with the emobility ecosystem.
Table 3 provides an overview of existing Metrics regarding the topic of Objective 2.
Table 3. Summary of Metric for Improving Interoperability and be Agnostic to Car- and
Battery-Manufacturers.
Metric

LISI

Measures

Unit

Value/Range

Maturity Level and Interoperability
Attributes

Maturity Levels, Maturity Levels: 0-4;
Sub-Levels
Sub-Levels: a-…

Calculation
Method

Qualitative (questionnaire and scorecard)

Evaluation

For measuring interoperability of the ELECTRIFIC solution as specified
in the objective, this method is not very suitable. The LISI model would
need to be adapted to the e-mobility domain in order to support this
measurement.

Applied in
ELECTRIFIC

Maybe. Extending this method and coupling it with the layers from EMISA could support assessing the interoperability of ELECTRIFIC.

Metric

ISIMM

Measures

Unit

Value/Range

Maturity Level, Interoperability Layers,
Interoperability Attributes

Maturity Levels,
Sub-Levels

Maturity Levels: 1-5;
Sub-Levels: a-…
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Calculation
Method

Qualitative (questionnaire and scorecard)

Evaluation

For measuring interoperability of the ELECTRIFIC solution as specified
in the objective, this method is not very suitable. The ISIMM is an
extension of the LISI model and would also need to be adapted to fit the
e-mobility ecosystem in order to support this measurement.

Applied in
ELECTRIFIC

Maybe. Extending this method to also fit the e-mobility domain, e.g. by
combining it with the layers from EM-ISA could also support in assessing
the interoperability of ELECTRIFIC.
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II.3. Objective 3: Improve Grid-friendliness of EV
Charging and Increase Intake of Renewables
Another major objective of ELECTRIFIC is concerned with the power grid and use of renewable
energy sources. Here, ELECTRIFIC should contribute at finding solutions improving the gridfriendliness and increase the use of renewable energy sources for charging EVs.
In order to deal with the first part of this objective the focus of ELECTRIFIC should be on
possible smoothing effects of the power quality using intelligent charging algorithms. For the
second part of the objective the availability of renewable energies should be taken into account.
For both parts, it should be investigated which negative repercussions may arise in the power
grid. Furthermore, research should be done unveiling ways in which a DR-System can provide
a suitable solution to avoid grid enhancement costs and to avoid switching off renewable
energy power sources (e.g. solar power plant) at times where too much energy is available.
For being able to evaluate the impact of ELECTRIFIC to these concerns, metrics are needed.
In the following a summary of information provided in D2.2 about power grids is provided,
helping the reader to better understand the meaning and importance of the metrics.
The structure of the power supply networks can be divided into four main categories. Ultrahigh voltage grid (220kV-380kV), high voltage grid (110kV), medium voltage grid (10kV-35kV)
and the low voltage grid (230V-400V).
In ultra-high and high voltage networks, the transmission network operator (TSO) acts. In
Germany, there are four of them (TenneT TSO, 50Herth Transmission, Ampiron,
TransnetBW). Their main task is permanent monitoring and controlling to keep the energy
supply and the reference load balanced. Deviations from this balance can lead to mains
frequency and supply voltage changes. These can have a strong impact on the underlying
networks.
However, distribution network operators (DSOs) act in the medium-voltage and low-voltage
networks and are responsible for distributing electricity and gas to end users. They are
responsible for the safe and reliable operation of the medium and low-voltage networks in a
particular area and for the connection to other electricity networks. DSOs must make their
networks available to all suppliers in a non-discriminatory way.
Depending on the respective charging capacity and the amount of charging stations (CSs) in
one location, either the medium or low voltage network must be considered. Due to the current
development of the installation of decentralized charging stations in the public area and the
enormous expected installations in the private sector (e.g. wall boxes) in the low-voltage
network, the focus should be primarily on the lowest network level. Especially power quality
features play a central role in this area.
However, the connection of the CSs to the respective power lines is important. CSs which are
connected to the transformer have usually less relevant PQ impact on other consumers
connected to other power lines on the same transformer. If, on the other hand, CSs are
connected to many consumers in a power line, the power quality features can change
noticeably due to the unexpected and usually high load.
Regarding grid stability and compliance with the power quality characteristics, it is necessary
to investigate negative effects of CSs on the power grid. Due to the current development, the
energy supply to CSs is the most relevant case as opposed to vehicle-to-grid. Therefore, CSs
act only as consumers of electrical energy in the network. In addition to the primary states such
as "load" or “not load", different charging levels (depending on the respective CS) can be used.
With current charging capacities of 11kW, 22kW and 50kW, the short-term load changes in the
power grid can be quite large. Also, the accumulated loading behaviour of many CSs in the
power grid (e.g., wall boxes at private households) may have negative repercussions on the
grid. Gathering a lot off demand (even low demand) can be critical especially when all load
sizes are unknown.
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II.3.1. Power Quality Metrics
In order to ensure the voltage quality and reliability of the power supply in the network, efforts
are made to provide the best possible power quality. Power quality is a set of characteristics
of electrical energy at the connection point of consumers. Compliance with the power quality
is important to avoid damage to the network customers as well as damage to plants, systems
and equipment. If the power quality has not been adhered to, this may result in claims for
damages for which the energy supplier must bear the financial consequences. In addition to
the technical as well as the economic significance, this may also have impact on the reputation.
Therefore, the DIN-EN-50160 [DKE11] standard is used to guarantee an adequate power
quality. This standard defines regulations and standards for ensuring a certain supply voltage.
These rules are based on field tests and tests covering a longer period. They give a certain
degree of power quality to a defined ideal state. These limits are important for the grid
customers to know which condition of the network is realistic to expect. This information is also
relevant for manufacturers of electrical equipment to have a reference point in which range
their devices should work properly. Furthermore, a good adherence of the power quality can
be used as a sales argument.
Due to the impossibility to continuously monitor and control all electronic devices in the power
grid, small or major changes to the characteristics defined in the DIN EN 50160 standard can
occur almost continuously. This makes the definition of fixed limited values of the
corresponding characteristics more difficult. For this reason, the definitions in this standard are
to be taken as indicative values. It is also important to know that going beyond these limits
does not directly lead to punitive payments. But since the likelihood of possible damage to
equipment or the degradation of network users increases heavily, the lower the power quality
in the network, the higher the probability of compensation payments. Such situations should
be prevented.
It should be pointed out that the limit values of the DIN EN 50160 standard apply only under
normal operating conditions. Situations in which maintenance and construction measures are
required or appearances of force majeure are not covered by this standard.
Regarding the characteristics in DIN EN 50160, it is necessary to check which parameters can
have a realistic effect on the power grid and / or which parameters are influenced by CSs.
II.3.1.a. Power Grid Frequency
The grid frequency is decisively determined by the generators in large power plants in the ultrahigh and high voltage grid and applies to the entire European grid. This quantity can be
considered as relatively stable if, for example, The Meyerwerft incident on 4.11.2006 at 22:09
is taken into account: The disembarkation of the "Norwegian Pearl" necessitated the shutdown
of two 380 kV high-voltage cables. The resultant shift in the load caused the failure of individual
supply lines, where upon the European interconnection network fell into three sub networks
(cf. Figure 12). In the western and south-eastern areas (orange, blue) short-term subfrequencies of up to 49Hz occurred, which is only about 1 Hz less than normal. However, this
clearly shows that, despite catastrophic failures, the network frequency in the European
network is very stable. Therefore, the charging process of EVs should not cause great
changings in the frequency. In ELECTRIFIC the power grid frequency will be measured to
show that this is a very stable PQ value and cannot be influenced by charging processes in a
significant way. If our assumptions are confirmed by our measurements that the frequency is
a very stable PQ value and cannot be influenced by charging processes in the low voltage
grid, we will not use this value in the future for ELECTRIFIC. Otherwise it will become a
considerable PQ-parameters.
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Figure 12. Frequency Problems due to "System Disturbance on 4 November 2006" [UCT07].
II.3.1.b. Supply Voltage
Changes in the voltage are versatile. The short-term switching on / off of large loads, but also
the feed-in capacity of generating plants by e.g. PVs can lead to voltage fluctuations. Currently,
CSs are an unpredictable load factor for the DSOs. Depending on the individual charging
capacity of a CS, the current requirement of energy as well as the simultaneity factor caused
by the charging of many electrical vehicles, critical changes in the voltage supply cannot be
excluded. Intelligent charging algorithms, to adjust the totality of the load to the capacities of
the power grid are therefore of utmost importance. This is preceded, of course, by a continuous
monitoring of the supply voltage.
In addition to the supply voltage, it can also happen that, due to a lack of expansion, the supply
lines, which also belong to the equipment of the network, exceed the line capacitance (even if
the supply voltage operates within the permissible limits). Thus, in addition to a pure voltage
measurement, it is advisable to carry out a capacitance measurement on the transformer as
well as on the supply lines.
The supply voltage is as a very relevant PQ-value. As such it will be considered as an
evaluation metric in ELECTRIFIC. Connecting or removing loads has a direct impact on the
voltage. Frequently, other PQ parameters such as flicker or harmonic are affected by voltage
changes. EVs are representing a significant load in the low-voltage network, not only by the
individual load but also when a high concurrent load appears. In ELECTRIFIC the influence of
EVs as load variables will be researched more closes in terms of grid stability for the low
voltage grid. The research results from the project will help to define suitable parameters for
different low-voltage networks in order to be able to predict or determine critical situations
better.
II.3.1.c. Long-Term Flicker
Flickers are caused by voltage changes and therefore there is a high correlation to those
voltage changings. This relationship justifies analogous considerations to those of the supply
voltage. For this reason, assumptions can be made that flicker will occur more often when
short loadings combined with high loading capacities occur. Highly fluctuating loads in the
network, can have a high impact on the supply voltage and thus also on the flicker. In the flicker
determination, it is important to note that these can arise not only by load fluctuations of
charging stations, but also by feed-in fluctuations (for example, by PV systems). These effects
could possibly intensify or as well as compensate each other.
In the context of ELECTRIFIC it needs to be identified in which terms flicker are caused by
charging processes of EVs and identifying the influences of the charging processes itself. In
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addition, it must be evaluated if charging processes can be changed in a way that flickers can
be compensated. Flicker is measured and used according to necessity in the project.
II.3.1.d. Unbalances in the supply voltage
A three-phase alternating current prevails in the ultra-high, high, and medium voltage
networks. In contrast to the other voltage levels, the low-voltage network in Germany is not
designed as a three-conductor system but as a four-conductor system. This allows the
connection of single-phase or two-phase loads. These, however, cause unsymmetrical loads.
The type 1 connector for CSs is connected as a single phase and allows charging capacities
of up to 7.4kW (230V, 32A). The type 2 connector, on the other hand, is connected in three
phases to the power grid and does not contribute to unbalanced loads.
It is necessary to clarify where and which connector type is used (now and in the future) and
how often to include or exclude this parameter for ELECTRIFIC. It is also important to clarify
whether the inverters in cars or the inverters themselves on the CSs can cause negative
network effects and if so, to what extent. In addition, the car itself decides how much phases
are used for charging, not necessarily the charging station.
In the context of ELECTRIFIC it will be investigated how often and to which degree unbalances
in the supply voltage are caused by charging process through E-vehicles. This is measured
and used according to necessity.

II.3.1.e. Harmonics
Harmonics are primarily caused by non-linear consumers (e.g., entertainment electronics), but
also by power electronic devices (e.g., inverters). The most important measures for their
limitation include the use of appropriate compensating systems and the conventional grid
expansion. However, a reduction in the network impedance is unlimited possibility, so that the
harmonic oscillation is assumed to increase steadily. The main part of the sources of
interferences is in the low-voltage networks, which have a predominantly ohmic characteristic
[Sch07].
However, the medium-voltage networks should have a lower load because of the lower
network impedance and as not the entire harmonic oscillation spectrum is transmitted via the
local network transformers.
The table below shows the harmonic distortions at the transfer pint up the 25th harmonic
oscillation.
Table 4. Harmonic distortions at the transfer point up to the 25th harmonic oscillation.
Odd harmonic
No many of 3

Even harmonic
Many of 3

Order h

Relative
voltage
amplitude

Order h

Relative
voltage
amplitude

Order h

Relative
voltage
amplitude

5

6,0%

3

5,0%

2

2,0%

7

5,0%

9

1,5%

4

1,0%

11

3,5%

15

0,5%

6 to 24

0,5%

13

3,0%

21

0,5%
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In addition, the total harmonic amount of the voltage supply (based on all harmonics until
ordinal number 40) has to be <= 8%.
The use of a DC charging connector system results in a well-tempered sinusoidal input current
and thus a lower load on the supply network due to mains harmonics. It is important to clarify
which types of inverters work well to reduce harmonics.
Identifying which harmonic are caused by charging process and to which degree will be further
be researched in ELECTRIFIC. In addition it will be investigated which harmonics have a
negative effect on the charging process itself. Harmonics will be measured and used according
to necessity.
Table 5. Summary of Power Quality Metrics.
Metric

Power Grid Frequency

Measures

Unit

The course of the frequency the Herz (Hz)
fluctuations and deviations of the nominal
value over the time will be measured in a
specific part of the low voltage grid.

Value/Range
Nominal value = 50Hz,
(-1% to +1%) in 99,5% of
a year = 49,5 Hz to
50,5Hz; (-4% to +6%) in
0,05% of a year (43h) =
47 Hz to 52 Hz

Calculation
Method

Measured directly

Evaluation

Grid Frequency is just one characteristic of power quality. Power Grid
frequency is a very stable value, a primarily managed in the ultra and
high voltage grid network. Therefore the charging process should not
cause great changings in the frequency. The idea here is to measure the
power grid frequency, to show that this is a very stable PQ value and
cannot be influenced by charging processes in a significant way.

Applied in
ELECTRIFIC?

If our assumptions are confirmed by our measurements, that the
frequency is a very stable PQ value and cannot be influenced by charging
processes in the low voltage grid, we will not use this value in the future
for ELECTRIFIC. Otherwise it will become a considerable PQparameters.

Metric

Supply Voltage

Measures

Unit

Value/Range
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230V, (-10% to + 10%) in
95% of a week
= 207V to 253V, (-15% to
+10%) in 5% of a week
195,5V to 253V

Calculation
Method

Measured directly

Evaluation

The supply voltage is as a very relevant PQ-value. Connecting or
removing loads has a direct impact on the voltage. Frequently, other PQ
parameters such as flicker or harmonic are affected by voltage changes.
EVs are representing a significant load in the low-voltage network, not
only by the individual load but also when a high concurrent load appears.
In ELECTRIFIC the influence of EVs as load variables will be researched
more closes in terms of grid stability for the low voltage grid.

Applied in
ELECTRIFIC?

As the most important PQ characteristic, the power grid voltage will be
considered in our system. The research results from the project will help
to define suitable parameters for different low-voltage networks in order
to be able to predict or determine critical situations better.

Metric

Flicker

Measures

Unit

Changings of voltage amplitudes in [0 .. 10]
dependence of their regularity in specific
parts of the low voltage grid.

Value/Range
Long term flicker value
PR <= 1 in 95% of a
week

Calculation
Method

Measured directly

Evaluation

Identifying in which terms flicker are caused by charging processes of
EVs and identifying the influences of the charging processes itself. In
addition, it has to be evaluated if charging processes can be changed in
a way that flickers can be compensated.

Applied in
ELECTRIFIC?

This is measured and used according to necessity

Metric

Voltage symmetry

Measures

Unit

Measures the voltage unbalances in the Deviation in % of
power grid, which occur due to unbalanced total symmetry
current consumption (e.g. by electro
vehicles).
Calculation
Method

Value/Range
(0% to 2%) in 95% of a
week, (0% to 3%) if the
grid is only single or twophase connected

Measured directly
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Evaluation

This metric is common related to energy grids. However, it needs to be
investigated further how often and to which degree unbalances in the
supply voltage are caused by charging process of EVs.

Applied in
ELECTRIFIC?

This is measured and used according to necessity

Metric

Harmonics

Measures

Unit

Different voltage and current harmonics Number of the
regarding the power grid frequency
individual
harmonic

Value/Range
See Table 4

Calculation
Method

Measured directly

Evaluation

Identifying which harmonics are caused by charging process and to
which degree. In addition it will be investigated which harmonics have a
negative effect on the charging process itself.

Applied in
ELECTRIFIC?

This is measured and used according to necessity

The table above provides a summary of power quality metrics. While the voltage is a
metric which will be for sure used for evaluating the results of ELECTRIFIC in the context
of objective 2, the impact of charging stations on the grid reflected by the other metrics
first need to be investigated to see whether they are useful as an evaluation instrument.

II.3.2. Option to integrate more Renewable Energy
As described previously the second part of Objective 3 is concerned with increasing the share
of renewable energy sources used for charging electric vehicles.
As a DSO, providing sufficient capacities for the transport of electricity is the main task. What
kind of electricity (brown, green) the lines use, is primarily not a relevant information, but is the
task of sales and marketing.
Theoretically, the logical coupling of PV systems in a supply line could be installed with CS
there. The power of the PV system would then be directly used for charging electric vehicles.
However, the frequent use of the CSs plays an important role. To avoid excessively high feedbacks into the power supply system, the PV system would have to be equipped with a peak
load capping to down-regulate CSs (if no electrical load is available). However, this would have
the unnecessary effect of energy partially not being used (waste of energy).
In conjunction with intelligent loading algorithms, one could then of course take a lot of energy
from the grid, if there are lots of renewables available locally. This, of course, always under the
assumption of the physical presence of loads.
In order to check if ELECTRIFIC has an effect on the amount of used renewable energies the
RenPercent [Be+13] metric can be used. It represents the total amount of renewables used by
the charging stations for a certain charging process. At this stage it is important to note that
based on the information about the installed PV capacity in the specific low voltage grid, the
amount of renewables will be estimated and not directly measured in the ELECTRIFIC project.
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An important index for DSOs is the value about the voltage supply interruptions in the power
grid. The so-called System Average Interruption Duration Index (SAIDI) gives information
about in which networks (low voltage, medium voltage) the interruptions of the supply voltage
have occurred [BNA16]. This describes a state in which the voltage at the transfer location is
less than 5% of the reference voltage. (EnWG) (Energiewirtschaftsgesetz), German DSOs
submit an annual report on the interruption of voltage outages in their network. This report
includes the following information regarding supply interruptions: (1) Time, (2) Duration, (3)
Extend, and (4) Cause.
In 2015, the downtime in low-voltage networks was 2.25 minutes and in the medium voltage
range 10.45 minutes on average (SAIDI total value 12.70 minutes per year). These values give
information about the average supply interruptions per connected end consumer within a
calendar year.
The SAIDI value does not take account of planned interruptions (for example, by known
construction works) or interruptions due to force majeure (e.g., natural catastrophes). Only
unplanned power failures are included which could arise if a DSO does not fulfil its obligations
regarding the necessary network enhancement.
If DSOs are deciding in the future to use ELECTRIFIC instead of a normal grid enhancement
and the B-Netz-A accepts this technology, ELECTRIFIC can help improve this value by
providing an intelligent demand-response system.
The table below shows a short summary of existing metrics related to the integration of more
renewable energy.
Table 6. Summary of Metrics for Increasing Renewable Energy Source Usage.
Metric

RenPercent

Measures

Unit

Value/Range

Renewables used to charge a battery

Percent

0-100%

Calculation
Method

RenPercent = 𝑅𝑒𝑛𝐼𝑛𝐺𝑟𝑖𝑑 ∗

∑ 𝒍𝒐𝒄𝒂𝒍 𝒓𝒆𝒏𝒆𝒘𝒂𝒃𝒍𝒆 𝒔𝒐𝒖𝒓𝒄𝒆𝒔
𝑃𝒐𝒘𝒆𝒓 𝒖𝒔𝒆𝒅 𝒇𝒐𝒓 𝒄𝒉𝒂𝒓𝒈𝒊𝒏𝒈

Evaluation

The RenPercent metric provides a way to capture the success of
ELECTRIFIC in terms of improving the use of renewable energy sources.
It is easy to understand and well suited.

Applied in

Yes, the metric will be used in ELECTRIFIC to evaluate the success of
the project related to Objective 2.

ELECTRIFIC?
Metric
Measures

SAIDI
Unit

Unplanned supply interruptions in a year (planned or force Minutes
majeure is excluded)

Value/Range
0 to one year

Calculation
Method

Duration of unplanned supply interruptions in different medium or low
voltage power networks

Evaluation

The SAIDI metric is very important for a DSO as it partially reflects the
performance of the DSO. ELECTRIFIC could help to improve this value
if the DSO decides to use the ELECTRIFIC solution.
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Yes, this metric can be applied in ELECTRIFIC.
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II.4. Objective 4: Align EV Behaviour with Grid
Requirements by Adequate Incentives
This section deals with the evaluation of current metrics representing the “performance” of
incentive systems with respect to grid requirements. As the analysis in the introduction (see
Chapter I) revealed, this is not a stand-alone objective, but closely interrelated with objectives
1 (“Simplify the Use and Conveniency of Electric Vehicles”) and 3 (“Improve Grid-friendliness
of EV Charging and Increase Intake of Renewables”). This means that all metrics used to
detect the fulfilment of those two objectives also implicitly monitor objective 4. However,
objective 4 has the special twinge of analysing the effectiveness of incentives instead of looking
at ADAS as a whole consisting of technical components (like e.g. the smart charger or routing
suggestions) and “motivation” components.
In ELECTRIFIC there are two different approaches to that: on the one hand, approaches from
consumer psychology are used to make ELECTRIFIC choice of an action suggestions more
attractive to a driver or fleet operator than other options. On the other hand, material and
financial incentives will be used to further support this psychological approach. This two-fold
approach also means that two kinds of evaluation methods will be applied: one belonging to
the area of psychological studies, where behaviour is monitored, and another one which
belongs into the evaluation of financial incentives.

II.4.1. Measuring the impact of psychological rewards on
the degree of a users’ adherence to ADAS
suggestions
There are several schemes using symbolic incentives to change driving behavior. For
example, prominent car manufacturers of EVs endow their DAS’s with green points and give
thereby feedback on driving behavior. Car-sharing companies have also implemented pictures
of decaying or flourishing environments to incentivize energy-efficient driving. However, the
effectiveness of these incentives remains unclear. If systematic tests were made, they are
proprietary to the companies and not accessible.
We will evaluate the performance of incentive systems in randomized controlled trials (RCTs).
RCTs are scientific experiments in which participants are randomly allocated to either a
treatment group (the group that receives the actual intervention, in this case for example
incentives) OR a control group (the group that receives no intervention or a placebo
intervention). RCTs ensure that the effect of a treatment can be quantifiably measured without
being biased by confounding factors such as for example changes that naturally occur over
time in people/environments. This means that a variety of proposed incentives will be
compared across a number of user groups. From these trials, we will be able to estimate
whether and to what degree incentives have the potential to align user behaviour with grid
requirements. For example, we will address whether setting the routing to a grid-friendly option
as a default (vs. a time optimized option) will change behaviour in such a way that users will
be more likely to follow ELECTRIFIC’s suggested route.
Apart from social science related measurement of behavior change, there are new and
established metrics relating to the impact of ADAS on the power grid, like RenPercent, which
until now has only been used in relation to data centres but will be modified in order to reflect
the (virtual) composition of energy sources in a battery charging state (see Section III). These
and similar metrics will also be used to detect how users’ behaviour, as influenced by
psychological incentives, would impact the grid. For example, if the users in the incentive
groups adhere to the charging suggestions proposed by the ADAS, we should be able to
measure a changed impact on the grid as compared to the control groups, who would not show
any change in their behaviour. This approach is also suggested by Sweeny et al. [Swe09]; one
of the few studies which succeeded in measuring behavioral changes, even though in a
different scenario related to private energy consumption of households, not mobility: They
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opted for monitoring the impact of behavioural change like (e.g. in that case private energy
saving behavior) through the metering data of the electrical supplier company and for
quantitative surveys like the ones that will also be carried out in the context of ELECTRIFIC.
However, this impact of using the ELECTRIFIC approach then relates to ADAS as a whole –
including smart scheduling, smart charging and the behavior change! In order to decompose
the impact of ADAS on the grid into effects from behavior change vs. other technical
components of ADAS, the same metrics will be used. In controlled experiments then different
reward and incentive structures will be isolated so that it will be possible to attribute the effects
of behavior changes to incentives and rewards versus other factors.
RCTs are the gold standard of scientific research and are highly relevant to provide unbiased
information about the impact of ELECTRIFIC on both user behaviour and grid. We will attempt
to employ RCTs whenever it is feasible and possible during the project due to the evaluation
status described above to measure impact.
Table 7 shows a summary.
Table 7. Summary of an existing Metric for measuring the impact of psychological rewards
on the degree of a users' adherence to ADAS suggestions.
Metric

Randomized Controlled Trials

Measures

Unit

Value/Range

Renewables used to charge a battery behaviour change

n.a.

n.a.

Calculation
Method

statistical analysis of means and variance differences between the
groups

Evaluation

RCTs are the gold standard of scientific research and are highly relevant
to provide unbiased information about the impact of ELECTRIFIC on both
user behaviour and grid

Applied in
ELECTRIFIC?

We will attempt to employ RCTs whenever it is feasible and possible
during the project due to the evaluation status described above to
measure impact.

II.4.2. Measuring the effectiveness of financial reward
and incentive schemes with regards to grid
integration of electric mobility
Until today there is no coordinated charging of electric mobility in the power grid, and there are
also no incentives which could be evaluated. Quite on the contrary, there are flat rates e.g.
currently, users of E-Wald charge the EVs they have rented for free within the E-Wald CS
network. Tesla also offered free charging to Tesla owners until the beginning of 2017. But this
“contra-incentive” seems to have been overused, as from 2017 onwards new owners have
been set a cap of 400kWh per year2 . Research deals mostly with dynamic pricing systems in
order to incentivize grid friendly behavior in the context of the implementation of a smart grid.

2

https://www.tesla.com/de_DE/support/supercharging
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Electric mobility is just one among many use cases, and, at least regarding the evaluation of
financial incentives chosen, the rarest one.
[CaK10] for instance present a scenario where any kind of energy load is scheduled according
to a dynamic pricing scheme which is derived from the marginal electricity production and grid
congestion cost. The evaluation is carried through in an analytical way (game theoretical
approach) by minimizing the overall overload cost of producing (assumption in the paper: a
single energy source) and distributing electricity. Thus, in a very controlled setting, the cost of
provisioning overload electricity (i.e. when demand threatens to exceed supply) can be used
as a metric to evaluate the choice of a particular incentive. The goal of the paper however, was
not to evaluate the incentive, but the scheduling algorithm.
This approach is valuable in a controlled setting, e.g. in a simulation. However, the approach
is aimed at evaluating the scheduling decision, not one particular incentive mechanism, even
though it could be used to this end. In ELECTRIFIC trials it will not be possible to trace back
the effects of financial incentives like dynamic pricing on overload electricity generation events.
In a simulated setting this metric might be a starting point to develop an electricity generation
or congestion cost function which must be minimized by comparing various financial incentive
approaches.
[Fan12] also consider a dynamic pricing model which is a function of aggregate demand. In
this case, it is rather the price based scheduling, which is evaluated, and the outcome
measured via a metric and not various alternative designs of incentives. Instead of minimizing
cost, in this case a utility function of EV users is constructed whose arguments are the demand
and the time of the charging process. The algorithms seeks to maximize the utility function of
the users. This approach however, even though similarly possible to adapt to ELECTRIFIC
needs is not suitable to reflect the fulfilment of objective 4, as it does not directly aim at grid
friendliness. It might be an idea however, to amend the evaluation of objective 1 “Simplify the
Use and Conveniency of Electric Vehicles” through the construction of an ELECTRIFIC
specific utility function.
In [Kl+11] various options of pricing the grid integration of EVs are explored in the context of
new business models for EV, differentiating between options for single drivers versus options
for fleet operators to take part in power system services like ancillary services. These options
are not evaluated using any kind of metric.
Also further research into e-mobility and incentive design options showed no results with
regards to the evaluation or even metric based valuation of various approaches to financial
incentives. This may be due to the fact that the research in the area of incentivizing the grid
integration of electric mobility is comparably young. An alternative research area are the topics
“demand response”, “demand side management” and the “smart grid”. Even though for this
area the comparison of different approaches to grid friendly pricing is also rare, there are at
least some works which deal with this issue. The basic understanding is that in an ideal world
without friction of time and space, real-time pricing that reflects grid congestion is the perfect
solution. However, the world is not free of constraints, which is why in a more realistic setting
the evaluation of different incentive options – also via metrics – is advisable.
Some works (e.g. [Sh+15], [AlE07]) deal with DR programs in the U.S. where demand side
management and demand response (DR) have a long tradition of several decades (as
opposed to Europe). They compare different approaches of DR independently of the electricity
load participating. Comparing DR programs among various suppliers (=states) in the U.S.
means comparing not only the financial incentive itself, but the totality of additional rules and
the situative context of the state concerned. The evaluation of these programs is done
according to the percentage in peak reduction, sometimes also the percentage in load
reduction in off-peak times. This is due to the fact that until recently intermittent renewable
energy sources did not play any major role in the U.S. so that a temporary increase of load
was not foreseen. This is a criterion and not a direct metric, but it can easily be turned into a
metric to evaluate different incentive options for ELECTRIFIC.

41

D2.1– Report on existing metrics for EV performance,
grid integration and rewards

Version 1.0
Date: 28/02/2017

This metric is useful in case the impact of different incentive options on the power grid can be
isolated. However, no efficiency is detected, only efficacy. In case the impact of EV DR on the
grid can be isolated, this metric could be extended with the cost of the incentives. At the
moment it seems unrealistic that the above mentioned condition can be fulfilled, but maybe
this metric can be applied in a simulative context.
This metric is also used by [Be+13], who compare different incentive options to engage data
centres in DR schemes, namely incentive-based and price-based DR. They perform a simple
simulation experiment and evaluate the results using both the cost of employing the incentive
against a specific peak reduction, thus introducing an efficiency point of view into the metric –
even though the metric is not defined as such. This is a promising approach, however, again
applied in a simulation, not a trial environment.
[VNV15] finally presents a meta-study about DR optimization models and programs. It also
includes an overview over various objective functions which can be interpreted again as
metrics measuring the success of DR programs and optimization. Among these optimization
criteria, which could be used as metrics to compare and evaluate different incentive options in
the context of ELECTRIFIC, the most feasible are:


Minimization of electricity cost



Maximization of social welfare



Minimization of aggregated power consumption

and combinations thereof. Using alternative incentive options to reduce electricity cost has
already been discussed above. Maximizing social welfare can be interpreted as maximizing a
social utility function –this approach has also been discussed. Minimizing aggregated power
consumption is not necessarily in-line with ELECTRIFIC objectives, as in cases of high supply
of renewable intermittent energy sources it might be advisable to consume more power than
originally planned.
To put it in a nutshell, the approaches that can be found in literature, which might be used as
a metric to evaluate different incentive concepts, are only of limited relevance for ELECTRIFIC.
The most challenging part of applying these approaches will be the isolation of direct impacts
of the modification of one system parameter (like the nature of a financial incentive) on an
overarching structure like the power grid. What follows is that the application of such metrics
might be more feasible in the context of simulations based on the findings of the trials, rather
than monitoring the outcome of the trials directly. However, even if it is possible to extract the
necessary information, these metrics need to be refined and adapted to the needs of
ELECTRIFIC. Table 8 shows a summary.
Table 8. Summary of Metrics for Measuring the effectiveness of financial reward and
incentive schemes.
Metric

Electricity Overload Cost

Measures

Unit

Overload Cost of producing and distributing electricity €
needed by electric load elements.
Calculation
Method

Value/Range
0 - infinity

𝑅𝑎𝑚𝑝𝑈𝑝𝐶𝑜𝑠𝑡(𝑜𝑣𝑒𝑟𝑙𝑜𝑎𝑑 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛)
+ ∑ 𝑚𝑎𝑟𝑔𝑖𝑛𝑎𝑙𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝐶𝑜𝑠𝑡/𝐷𝑒𝑚𝑎𝑛𝑑𝑈𝑛𝑖𝑡
∗ 𝑂𝑣𝑒𝑟𝑙𝑜𝑎𝑑𝐷𝑒𝑚𝑎𝑛𝑑
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Evaluation

This approach is valuable in a controlled setting, e.g. in a simulation.
However, the approach is aimed at evaluating the scheduling decision,
not one particular incentive mechanism, even though it could be used to
this end. In ELECTRIFIC trials it will not be possible to trace back the
effects of financial incentives like dynamic pricing on overload electricity
generation events.

Applied in

In a simulated setting this metric might be a starting point to develop an
electricity generation or congestion cost function which must be
minimized comparing various financial incentive approaches.

ELECTRIFIC?
Metric
Measures

Peak Reduction
Unit

Measures the estimated reduction of peak demand through Percent
a specific DR program

Value/Range
0-100%

Calculation
Method

MW(estimatedW/O_DR) − MW(realized)
∗ 100
MW(estimatedW/O_DR)

Evaluation

This metric is useful in case the impact of different incentive options on
the power grid can be isolated. However, no efficiency is detected, only
efficacy.

Applied in
ELECTRIFIC?

In case the impact of EV DR on the grid can be isolated, this metric could
be extended with the cost of the incentives. At the moment it seems
unrealistic that above mentioned condition can be fulfilled, but maybe this
metric can be applied in a simulative context.
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III. METRICS FOR THE ELECTRIFIC
SOLUTION
The second category of metrics relates to the means with which ELECTRIFIC aims at fulfilling
its goals: the smart ADAS system using the ELSA optimization algorithm, and the ELECTRIFIC
Incentive scheme for adhering to ADAS suggestions. In the first case the metrics are part of
the internal decision support, in the latter the metrics are incentive support metrics. The
following means will aim at achieving ELECTRIFIC objectives:


Means 1a: creating EV travel planning algorithm, that is integrated into the navigation.



Means 1b: creating energy management algorithms, with integration of the battery
management system and charging allocation procedure



Means 2a: creating a common EV mobility data model, openAPIs and EV mobility
services.



Means 2b: developing battery friendly charging algorithms and health monitoring to
support EV allocation in a car fleet.



Means 3: designing and implementing a decentralized, non-intrusive grid monitoring
and control scheme.



Means 4a: specifying psychol. variables that ensure adequate incentive structures and
applying these to design optimal financial incentives.



Means 4b: designing algorithms that provide a balance between user’s needs and grid
requirements while charging.

Table 9 matches the ELECTRIFIC components to the means defined for ELECTRIFIC. In
some cases the ELECTRIFIC components are software pieces that are further defined and
explained in D3.1. In some other cases they are needed as background in order to implement
ELECTRIFIC components in a way that maximizes the achievement of ELECTRIFIC
objectives – one example are the surveys organized by WP6. They are mentioned here for the
sake of consistency, but obviously there are no metrics connected.
Table 9. Mapping of Components and Means.
Component

Description

Means

1. ADAS UI

The user interaction part that allow the user to plan 1a
his/her activities and select optimal trips and EV that
fulfil his/her plans.

1.a User Profiles

Profiles defined by different sociodemographic and 4a, 4b
psychological variables to ensure that incentives are
compliant with different user profiles

1.b Incentives

Monetary and none-monetary incentives used to 4a, 4b
guide EV users to behave more grid-friendly and
green.

2. ADAS AI

Preforms the optimal route/EV selection for the user.

1a

2.a Routing Service

Suggests routing options to the EV user.

1a
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2.b Range Service

Estimates the range of an EV.

1a, 1b

2.c Usage Profiles

Profiles defined with regards to mobility needs and 1a
means

3. CIM

Data layer used by ADAS AI, by CSP and EFO

2a

4. CSP Modules

Grid related management components

1b,3,4b

4.a CS Management
System

The Charging Station Management System (CSMS) 1b, 4b
provides information relevant for managing the
charging stations

4.b Power Planner

The Power Planner is collecting forecast information 3
about the available capacity and local renewable
sources and is fairly dividing capacity and renewable
sources between all available charging stations which
belongs to the same CSP in the same feeder line.

4.c Voltage Planner,
Smart Charger, PQIndicator, and Price
Indicator

Provides information about the predicted power 3, 1b, 4a,
quality, about charging rates, power (and renewables 4b
share) at charging stations, and predicted power
quality, as well as prices

4.d Grid Management
System

The Grid Management System (GMS) provides grid 3
data to the ELECTRIFIC solution

5. EFO Modules

Fleet related management components

1a,1b,
2a,2b

5.a Fleet Management
System

Provides booking availability of different EVs

1a, 2a

5.b EV Data Log
Service

Provides EV data (SoC, etc.)

2a

5.c Fleet EV Charging
Scheduler

Optimizes charging scheduling of unbooked EVs

1b, 2b

5.d Fleet EV Health
Monitoring Service

Provides usage patterns of batteries

2b

In the following sections metrics for each of these components will be presented and evaluated
for the suitability of use in ELECTRIFIC. As mentioned in I.1, metrics have a two-fold function
regarding ELECTRIFIC solution components: on the one hand they are necessary to evaluate
to which degree a component achieves its contribution to the project objectives. On the other
hand, components need metrics as decision and input parameters.

III.1. ADAS UI
The ADAS UI is the component which is used by the EV user to interact with the ELECTRIFIC
solution and which allows him/her to plan activities, select from a list of suggested trips, reserve
charging stations and cars (in the case of a short/long term rental user) and to start the
navigation. More information about the ADAS UI can also be found in D3.1. From the
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psychological perspective two aspects are of major importance in the context of the ADAS UI:
The user profiles and the incentive structures. In combination these allow to fulfil means 4a
and 4b. In the following these will therefore be explained in more detail.

III.1.1. a.

User profiles

We will measure different aspects of user profiles in the primary survey. These will include
sociodemographic and psychological variables. Psychological variables include sensation
seeking, need for speedy driving, attitudes and attitude functions towards EVs, environmental
attitudes in general and for mobility in particular. All of these will be measured with multipleitem Likert-type rating scales. Yet, none of these measures are metrics in the strictest sense.
They are starting points that will allow us to design interventions and improve EV
attractiveness. They will not be the target of change interventions themselves, and we don’t
expect them to change throughout the project. There are no right or wrong user profiles. So
there are also no metrics for the evaluation of the “functionality” of user profiles.

III.1.2. b.

Current Incentives in EV Billing Processes

As uncoordinated charging has negative impacts on the power grid, it is necessary to
implement incentives for users to follow a scheduled charging plan or engage in other activities
to support the electricity grid. In short, incentives need to be created that allow steering the EV
drivers into the direction that ELECTRIFIC suggests via the ADAS app. In recent years,
extensive research has been conducted regarding this topic. Before incentive schemes can be
implemented, different requirements, especially concerning the electricity grid, have to be met.
Metrics that evaluate the efficacy of the incentive and reward system that will be chosen for
implementation of ELECTRIFIC are dealt with in the respective objective section (II.4). In the
following sections, metrics that are used for the decision support in the current charging and
billing processes are explained and evaluated.
According to the literature there could be besides dynamic pricing another incentive for EVUs
the energy trading. High demand in electricity is directly correlated to high prices for electricity.
By back feeding the remaining energy from the battery of the vehicle to the grid at demand
peak times, users could earn a noticeable amount of money as they are selling energy at times
when prices are high. At the same time, the back feeding process reduces the fluctuation of
the electricity and thus stabilizes the grid [Lan16]. This incentive is not practicable now since
the government does not allow reenergise the power to the grid, maybe there will be a changes
to law in future. There is also a trade-off between energy trading benefit and loss of battery
quality through more charging processes.
III.1.2.a. Monetary incentives
Since one of the main interests of the consumer is saving money, a dynamic pricing scheme
will help to do exactly this. Given the prerequisites of a smart grid, especially advanced
information and communication technology, utility companies could introduce dynamic pricing
schemes to consumers, encouraging them to shift their loads to off-peak times and thus reduce
costs.
A survey among the three biggest billing infrastructure providers (Has To Be, thenewmotion
and driivz) shows that already today there are multiple metrics that influence the billing of a
customer:


One of these is the power consumption during the charging process, which is used
when the price is based on kilowatt-hour. Depending on the hardware it is possible to
measure a profile or an average consumption. The unit is kilowatt per hour and
measured with an instrument located inside the charging station. In the case of
ELECTRIFIC this metric will be used for providing different pricing incentives at
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different times based on the power drawn (to incentivise a more grid friendly and
greener charging).


A second metric is time-based. The longer a charging process lasts the more it costs.
As described in D2.2 this time-based pricing model is common nowadays as it helps to
prevent blocking parking spaces in front of charging stations. In ELECTRIFIC this
metric will be used incentivising the EV user to charge at different times for a lower
price.



Additionally there are two flat rate price models. For the first, a flat rate price is paid per
month, which means that all charging processes are already integrated in the booking
of the car. In the case of TESLA, as mentioned above, all charging up to 400kWh a
year is for free. This is not helpful for the objectives of ELECTRIFIC. In the case of the
second flat rate price model a flat rate price is payed per charging process. The latter
is not uncommon to combine with the time-based pricing model. Here, a certain price
is paid per minute, and automatically changes to a flat rate after a certain time span.
For ELECTRIFIC flat rate pricing models are less attractive, as it disallows to incentivise
EV users to charge at certain times.
Table 10. Summary of Metrics for Monetary Incentives.

Metric

Price for power consumed for charging

Measures

Unit

Value/Range

kWh

€

0-infinity

Calculation
Method

Price/kWh * kWh consumed

Evaluation

This is a very common metric and therefore should be considered in
ELECTRIFIC. Different prices per minute might incentivize the user to
charge at times where more renewable energy is available or at times
where the charging has no negative impact on the grid.

Applied
in Yes, with variation in the price dependent on grid situation
ELECTRIFIC?
Metric

Price per charging time duration

Measures

Unit

Value/Range

Minutes

€

0-infinity

Calculation
Method

Price/Minute * minutes connected to the charging station

Evaluation

As with the price per kWh, this metric is very common and therefore
should be considered in ELECTRIFIC.

Applied
in Yes, with variation in the price dependent on grid situation
ELECTRIFIC?
Metric

Flat rate price
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Measures

Unit

Value/Range

Month/ Charging Process

€

0-infinity

Calculation
Method

Price per month or price per charging process

Evaluation

Even though this metric is also relatively common, it does not provide a
big leeway to incentivize EV users and is therefore less suitable for
ELECTRIFIC

Applied
in No, as it is less suited to introduce adequate incentive structures
ELECTRIFIC?
Metric

Environmental Impact

Measures

Unit

Value/Range

CO2

g/Kg

0-infinity

Calculation
Method

CO2/kWh * kWh used for charging (CO2/kWh needs to be estimated)

Evaluation

Some users might be incentivised by knowing the environmental impact
of their decisions and therefore this metric is a good starting point.
However, it needs to be investigated if other measures than CO2 is better
suited, as CO2 might be too abstract for many users.

Applied
in Yes, or at least a similar metric
ELECTRIFIC?
Metric

Reward Points

Measures

Unit

This needs to be investigated further. It could e.g. be # of #
times ELECTRIFIC is used, or # of times the user adheres to
ELECTRIFIC suggestions

Value/Range
0-infinity

Calculation
Method

Needs to be investigated in the project

Evaluation

Reward points have proven to be successful already many times like for
example Bonus Cards (like Miles and More or Payback). Therefore,
reward points are a promising approach to also incentivize users of our
domain. The exact nature of these points still needs to be investigated
within the project.

Applied
in Yes, or at least a similar metric
ELECTRIFIC?
III.1.2.b. Non-monetary Incentives
In addition to monetary incentives, other values can help steering the charging behaviour in a
grid and environmental friendly way. Thenewmotion and driivz for example display the driver
the saved CO2 emissions for a charging process. Showing this to the user provides him/her
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with the ability to better judge the effect of his/her charging behaviour on the environment.
However, using CO2 emissions in this context is not helpful as there is no reference value of
what is desirable or not. What might help here is to switch to relative values of a (to be defined)
normative value per charging process. In ELECTRIFIC showing such metrics might help
incentivising the user to adhere to ELECTRIFIC’s charging suggestions. Whether this will be
CO2 based emissions or another more tangible metric still needs to be evaluated.
The exact nature of the none-monetary incentives and the impact they have will be analysed
in detail in WP6 and will be part of D6.1.
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III.2. ADAS AI
The ADAS AI component is containing the logic of intelligent trip planning. It calculates a couple
of routes best suited to the needs of the EV user, including suggestions of cars and charging
stations/charging times. It gets services/Information from, the routing service, the range service
and from user profiles. In the following existing metrics for the three parts are discussed.

III.2.1. Routing service
The time spent is usually the most important metric for a user who wants to get from point A
to point B. Such metric is considered, e.g. in recent work of Ondrúška and Posner [OND14].
They argue, that this is the common measure together with the shortest-path, in form of
shortest-time. The time metric describes the duration of the route from the initial point to the
final destination. The calculation is straightforward, the difference between departure time and
arrival time. Beforehand, prediction of the time metric is a complex problem as it is affected by
many real-world phenomenons as traffic, road conditions, weather conditions and others. Due
to its basic properties and simplicity it is suitable for ELECTRIFIC. On the one hand it can be
used as single parameter which is displayed to the user. On the other hand it is important for
further calculation.
Additionally to the time spent, the distance is an important metric for the routing service. The
distance metric describes the range that the EV has to cover from the initial point to the final
destination. The distance has direct influence on the energy consumption [SAC11]. Distance
is computed as a sum of the route segments the EV has to cross over. In contrast to the time
metric, it can be predicted rather accurately as mandatory diversions are usually known in
advance. In context of the EV/ELECTRIFIC ecosystem, the distance metric can have different
forms (see e.g. [OND14]) as Range (from the initial point to a set of reachable points for the
current SoC) or Goal attainability (a probability the particular destination is reachable with the
current SoC). Due to its basic properties and simplicity it is suitable for ELECTRIFIC. It shall
be used in parallel to the time metric, since these are mostly displayed by commercial
navigation systems, too. Users are familiar with these metrics and recognize these as a musthave.
As discussed by Sachenbacher et al. [SAC11], shortest paths are, if the battery is not included
in the calculation, also the most energy-efficient paths. This statement is described by the
shortest path problem of Djikstra [SAC11]. The energy requirements in form of the error in
energy prediction are also used in [OND14]. Energy-efficient routes correlate with the driven
speed [LIN15], which is why this metric depends on the other metrics in this section. With EVs,
maximizing the driving range is an important goal in current research. Additionally, as stated
by Lin et al. [LIN15] the Electric Vehicle Routing Problem (EVRP) is a fairly new research
domain. Therefore, energy-efficient routing and EVRP shall be considered as main goals in
further research. From the perspective of EV integration in our daily life, this metric should be
considered while researching the routing algorithm. Since this metric lacks of scientific proofs,
further research shall be conducted in ELECTRIFIC.
The shortest path and shortest time, however, do not always reflect all driver’s preferences as
argued by Ondrúška and Posner [OND14]. Such preferences usually include also route
parameters as the road class, number of lanes, angle of turns, or the number of full stops
required (due to traffic lights or stop signs). The Route-preferences-compliance metrics
describe such additional preferences in form of weight vector as proposed in [OND14]. The
metric is then computed as a linear combination of the considered factors using the weight
vector. Additionally, the paper proposes a technique of how to automatically learn the weights
from the history of driver’s routes. Therefore the preferences do not need to be input directly
or gathered via questionnaires. It has to be analysed by ELECTRIFIC research, whether this
metric is suitable for the routing service. Table 11 provides a summary of all before mentioned
metrics.
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Table 11. Summary of Routing Service Metrics.
Metric

Time

Measures

Unit

Value/Range

Minutes

[min]

0 to infinity

Calculation
Method

This metric is acquired from information contained in the map data that
is used to derive the route

Evaluation

Since this metric is used in combination with the next metric, i.e. the
metric distance, in order to compute the average speed, this metric will
be important for ELECTRIFIC.

Applied
in Due to its basic properties and simplicity it is suitable for ELECTRIFIC.
ELECTRIFIC?
On one hand it can be used as parameter for sole display to the user. On
the other hand it is important for further calculation.
Metric

Distance

Measures

Unit

Value/Range

Kilometres

[km]

0 to infinity

Calculation
Method

This metric is also derived from the map data. It is calculated by summing
up the individual route segments.

Evaluation

As stated in the previous metric, the metric distance will be used in
combination to derive the average speed for the route. Additionally, the
distance parameter is found as metric in most navigation systems in
modern cars.

Applied
in Due to its basic properties and simplicity it is suitable for ELECTRIFIC. It
ELECTRIFIC?
shall be used in parallel to the time metric, since these are mostly
displayed by commercial navigation systems. Users are familiar with
these metrics and recognize these as a must.
Metric

Energy-efficiency

Measures

Unit

Value/Range

Energy-Consumption per Kilometre

[kWh/km]

0 to infinity

Calculation
Method

The calculation method for this metric has to be researched in
ELECTRIFIC.

Evaluation

From the perspective of EV integration in our daily life, this metric should
be considered while researching the routing algorithm. Since this metric
lacks of scientific proofs, further research shall be lead in ELECTRIFIC.

Applied
in Although unsure, if the energy efficiency is a valid metric for the routing
ELECTRIFIC?
service, it shall be considered in the further project progress. An
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evaluation during research shall validate the application of the metric in
ELECTRIFIC.
Metric

Route-preferences-compliance

Measures

Unit

Distance from the user’s route preferences (the road class, [%]
number of lanes, angle of turns, and number of full stops)

Value/Range
0 to 100

Calculation
Method

See [OND14] formula (6).

Evaluation

It has to be analysed in the ELECTRIFIC research, if this metric is
suitable for the routing service.

Applied
in It has to be analysed in the ELECTRIFIC research, if this metric is
ELECTRIFIC?
suitable for the routing service.

III.2.2. Range service
The range service is used to identify the range of an EV. As described in D2.2 the range is
dependent on many factors, like the slope or the temperature. In this context it is of
fundamental importance to be able to measure and express range calculation errors.
Additionally, these can be used to evaluate the range service component. For error based
measures, a wide range of metrics is available. Some familiar metrics for modelling errors are
the Mean Absolute Error (MAE), Mean Percentage Error (MPE) or the Mean Absolute
Percentage Error (MAPE). In principle these are all applicable in the context of ELECTRIFIC.
However, it still has to be evaluated during the project if these will be used in the end.
Another metric that was developed by THD specifically for EVs in the Project “E-WALD Elektromobilität Bayerischer Wald” is the Relative Percentage Error for EVs (RPE-EV). This
metric has the advantage that the error is not increasing with a decreasing SoC during a trip,
so the proportion is constant. Also for this metric, it has to be evaluated, whether it will be used
in the ELECTRIFIC project. Table 12 shows a summary of the four error metrics.
Table 12. Summary of Range Service Metrics.
Metric

Mean Absolute Error (MAE)

Measures

Unit

Value/Range

Error

n.a.

0 to infinity

Calculation
Method

1
̂𝑖 )| , with SoC in Wh
MAE = 𝑛 ∑𝑛𝑖=1|(𝑆𝑜𝐶𝑖 − 𝑆𝑜𝐶

Evaluation

The MAE is applicable for different models, so it could be used in ELECTRIFIC.

Applied
in This has to be determined during the project.
ELECTRIFIC?
Metric

Mean Percentage Error (MPE)
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Measures

Unit

Value/Range

Error

[%]

0 … 100

100%

̂𝑖
𝑆𝑜𝐶𝑖 −𝑆𝑜𝐶

Calculation
Method

MPE =

Evaluation

It is applicable for different models, so it could be used in ELECTRIFIC.

𝑛

∑𝑛𝑖=1

𝑆𝑜𝐶𝑖

, with SoC in Wh

Applied
in This has to be determined during the project.
ELECTRIFIC?
Metric

Mean Absolute Percentage Error (MAPE)

Measures

Unit

Value/Range

Percentage Error

[%]

0 … 100

̂𝑖
100% 𝑛
𝑆𝑜𝐶 −𝑆𝑜𝐶
∑𝑖=1 |( 𝑖
)|
𝑛
𝑆𝑜𝐶𝑖

Calculation
Method

MAPE =

Evaluation

It is applicable for different models, so it could be used in ELECTRIFIC.

, with SoC in Wh

Applied
in This has to be determined during the project.
ELECTRIFIC?
Metric

Relative Percentage Error for EVs (RPE-EV)

Measures

Unit

Value/Range

Percentage Error

[%]

0 … 100

̂𝑖
100% 𝑛 𝑆𝑜𝐶𝑖 −𝑆𝑜𝐶
∑𝑖=1
𝑛
𝑆𝑜𝐶𝑚𝑎𝑥

Calculation
Method

RPE-EV =

Evaluation

The RPE-EV is applicable for range models for EVs, so it could be used in
ELECTRIFIC.

, with SoC in Wh

Applied
in This has to be determined during the project.
ELECTRIFIC?

III.2.3. Usage profiles
As mentioned previously, usage profiles will be assessed in the primary survey. These include
mobility needs (frequency of vehicle use, distance travelled) and means (type of transport
used). Yet, none of these are metrics in the strictest sense; instead, all of these measures are
starting points to design interventions and improve attractiveness. They will not be the target
of change interventions themselves in this project, and we don’t expect them to change
throughout the project. There are no right or wrong usage profiles. And no functionality
evaluation is performed.

III.3. CIM
The common information model (CIM) provides the data layer that is used for both CSP and
EFO. It therefore includes all metrics that are described for the ADAS AI, ADAS UI, CSP
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Modules and EFO Modules. However, it does not rely on metrics itself for decision support.
Therefore we refer to metrics which are used for the other components as described in the
other Sections of Chapter III.
Additionally, a more detailed view on the CIM including the static and dynamic data models,
as well as its APIs can be found in deliverable D3.1.
In terms of evaluating Means 2a “Creating a common EV mobility data model, openAPIs and
EV mobility services” different existing metrics could be used. As the CIM is responsible for
defining what data is stored, data quality metrics known from big data science could be applied.
Wang and Strong [WaS96] defined data quality quite generically as “fitness of use” which is
always dependent on the party consuming the data. Li Cai and Yangyong Zhu [CaZ15]
conducted an extensive literature survey and based on their findings defined five data quality
dimensions, namely availability, usability, reliability, relevance, and presentation quality (cf.
Figure 13). Each of the given dimensions includes typical elements.

Figure 13. A universal, two-layer big data quality standard for assessment [CaZ15].

In the case of ELECTRIFIC, some of these could be used for evaluating the performance of
the CIM. For example accessibility, as well as timeliness of the data could be an important
factor to be considered. If data is time critical but not available, e.g. for a case where live data
is coming from the ADAS and no mobile internet connection is available, this would be an
indication for bad data quality. In other cases, data might not be accessible at all. For example,
nowadays some CSs do not provide the same data as other CSs do. The same applies for
EVs. Therefore, it is mandatory to check what data is accessible and what data is not.
Additionally it should be considered, what the consequences are for the ELECTRIFIC solution
of not being able to access the data.
For measures in the usability dimension, the CIM will most likely have to deal with less issues.
Definition and documentation of data will be done in WP3. As data will only be coming from
credible data sources, a good usability of data is most probable for the case of ELECTRIFIC.
The reliability dimension is of fundamental importance for data quality and for ELECTRIFIC.
Accuracy of data is a major factor. To this end, the granularity of data collection and the
accuracy itself, i.e. how accurate data can and should be provided, needs to be analysed
during the project. For instance, the SoC of a battery in an EV could face some inaccuracies.
The displayed SoC depends on the measurement method and the information provided by the
interface of the car. Also the consistency of the data, e.g. the consistency of measured units
needs to be taken into account by the CIM. Naturally, all data that is needed in the
ELECTRIFIC solution needs to be collected, i.e. the data needs to be complete.
In addition all data needs to be of relevance. Collecting data that is not relevant leads to a
bigger data set than necessary. This again is a signal for bad data quality. In general, it can be
differentiated between basic data and calculated data. While basic data cannot be derived,
calculated data can be derived from combining basic data. In general, the set of both types
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should be kept as small as possible. However, for calculated data this is easier than for basic
data.
The presentation quality is also an important factor. In WP3, the data structure and data itself
will be defined. In general, data should be clear and understandable and it should be easily
possible to judge, whether the data fulfils the needs of ELECTRIFIC.
With regards to the second part of Means 2a, i.e. the definition of openAPIs and EV mobility
services, interoperability metrics could be useful. An overview of existing metrics in this area
is provided in Section II.2. However, it needs to be evaluated if these fit the purpose of this
means. The table below provides an overview of the discussed metrics.
Table 13. Overview of existing Evaluations Metrics for the CIM.
Metric

Availability

Measures

Unit

Value/Range

Accessibility, Timeliness, Authorization

n.a.

0-infinity

Calculation
Method

Needs to be analysed

Evaluation

Whether data is available is also in the context of ELECTRIFIC an
important factor. Therefore, this metric should be considered in
ELECTRIFIC as well.

Applied in
ELECTRIFIC

Yes, it can be used to evaluate the CIM

Metric

Usability

Measures

Unit

Value/Range

Definition, Credibility, Metadata

n.a.

0-100

Calculation
Method

Needs to be analysed

Evaluation

Usability of data is indirectly been guaranteed by the definition and
description in D3.1. However, this metric should still be considered in
ELECTRIFIC to guarantee a high data quality.

Applied in
ELECTRIFIC?

Yes, it can be used to evaluate the CIM

Metric

Reliability

Measures

Unit

Value/Range

Accuracy, Integrity, Consistency,
Completeness, Auditability

n.a.

0-100

Calculation
Method

Needs to be analysed
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Evaluation

Reliability is one of the main data quality metrics and universally
applicable. It therefore should be considered in the ELECTRIFIC
project.

Applied in
ELECTRIFIC?

Yes, it can be used to evaluate the CIM

Metric

Relevance

Measures

Unit

Value/Range

Fitness

n.a.

0-100

Calculation
Method

Needs to be analysed

Evaluation

In times of Big Data this is a very important metric for data quality. Only
data this fits the needs of the users should be taken into account.

Applied in
ELECTRIFIC?

Yes, it can be used to evaluate the CIM

Metric

Presentation Quality

Measures

Unit

Value/Range

Readability, Structure

n.a.

0-100

Calculation
Method

Needs to be analysed

Evaluation

This metric can be used to check the data structure defined by the CIM.
Therefore, it is useful for the ELECTRIFIC evaluation.

Applied in
ELECTRIFIC?

Yes, it can be used to evaluate the CIM

Metric

LISI

Measures

Unit

Value/Range

Maturity Level and Interoperability
Attributes

Maturity Levels, Maturity Levels: 0-4;
Sub-Levels
Sub-Levels: a-…

Calculation
Method

Qualitative (questionnaire and scorecard)

Evaluation

Not very suitable. It would also need to be adapted to fit the e-mobility
ecosystem in order to support this measurement (cf. Table 3)

Applied in
ELECTRIFIC?

Maybe (cf. Table 3)

Metric

ISIMM

Measures

Unit

Value/Range
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Maturity Levels: 1-5;
Sub-Levels: a-…

Calculation
Method

Qualitative (questionnaire and scorecard)

Evaluation

Not very suitable. It would also need to be adapted to fit the e-mobility
ecosystem in order to support this measurement (cf. Table 3)

Applied in
ELECTRIFIC?

Maybe (cf. Table 3)
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III.4. CSP Modules
The CSP Modules comprises a set of components which are relevant for the charging service
provider (CSP). In order to facilitate a seamless integration of charging stations into the power
grid without compromising the power quality, the charging station management system, the
power planner, the voltage planner, the smart charger as well as the grid management system
needs to be used and consulted for information. Metrics for these components are described
in the following.

III.4.1. CS Management System
The Charging Station Management System (CSMS) provides information relevant for
managing the charging stations (CS). Reservations, getting status information of the CSs and
controlling charging operations is possible by using the CSMS. All needed information can be
requested by the Charging Capacity Predictor in order to build the forecast of the available
capacity. The CSMS provides an API through which the Smart Charger can change the
charging speed when it gets information about the PQ instabilities. As the CSMS is only an
information provider, no metrics are defined here.

III.4.2. Power Planner
The Power Planner (PP) is collecting forecast information about the available capacity in a
certain feeder line (cable) in the low voltage grid together with the renewable percentage. The
latter is estimated. In addition, the Power Planner collects information from local renewable
sources which are connected directly to the charging station (e.g. PV plant). The available
capacity is divided fairly between all available charging stations which belongs to the same
CSP in the same feeder line. The individual error value is determined by comparing the
prediction and the actual measured/estimated data. Based on this information, the
parameterization must be modified in such a way that the predictions provide more accurate
data. The table below shows a summary of existing metrics used in the PP.

Table 14. Summary of Metrics for the PP.
Metric

Electrical Capacity

Measures

Unit

Value/Range

Watts

W

0-infinity

Measures

Unit

Value/Range

Renewables used to charge a battery

Percent

0-100

Calculation
Method

Directly measured or forecasted

Evaluation

Fundamental metric for the use in the PP

Applied
in Yes, it’s a necessary metric
ELECTRIFIC?
Metric

RenPercent
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RenPercent = 𝑅𝑒𝑛𝐼𝑛𝐺𝑟𝑖𝑑 ∗
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∑ 𝒍𝒐𝒄𝒂𝒍 𝒓𝒆𝒏𝒆𝒘𝒂𝒃𝒍𝒆 𝒔𝒐𝒖𝒓𝒄𝒆𝒔
𝑃𝒐𝒘𝒆𝒓 𝒖𝒔𝒆𝒅 𝒇𝒐𝒓 𝒄𝒉𝒂𝒓𝒈𝒊𝒏𝒈

RenPercent is a basic, well known metric, well suited for the use in the
power planner to express how much renewable energy is available. This
number is only estimated in the context of ELECTRIFIC

Applied
in Yes, well suited and therefore applied.
ELECTRIFIC?
Metric

Mean Absolute Error (MAE)

Measures

Unit

Value/Range

Error

n.a.

0-infinity

1

Calculation
Method

MAE = 𝑛 ∑𝑛𝑖=1|(𝑃𝑟𝑒𝑑𝑖 − 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑𝑉𝑎𝑙𝑢𝑒𝑖 )|

Evaluation

For evaluating the power planner a metric is needed showing how precise
the estimations of the power planner were. For this purpose a metric like
the MAE is useful. However, any similar metric can be used as well.

Applied
in Yes, for the evaluation of the PP
ELECTRIFIC?

III.4.3. Voltage Planner, Smart Charger, PQ-Indicator,
and Price Indicator
Besides the prediction of the voltage in a particular low-voltage network, the PQ metrics from
Section II.3 are used to improve the predictions in short terms, but also to see if the predictions
are sufficiently accurate. The individual error value is determined by comparing the prediction
and the actual measured data. If the forecasting is not accurate enough, the parameterization
must be modified in such a way that the predictions provide more accurate information about
the expectable grid situation. Identified PQ issues in the power grid will affect the maximum
available capacity for a charging process. The table below shows a summary of metrics used
in this context.
In addition to the voltage measurement, the other PQ metrics from Chapter II.3.1. are included
here. In particular, real-time data will be used in loading processes to smooth PQ changes.
The two main questions are: which PQ changes are caused by normal charging processes in
the examined low-voltage networks and if PQ parameters can be smoothed out by intelligent
load algorithms and if so, to which degree.
The PQ Indicator is an additional component in the CSP. It receives real time measured data
by using the Grid Management System and uses the measured data from the grid (see Section
II.3) to improve forecasting. The second part is, that the data of the PQ-Indicator will be used
for the Smart Charger. If any power grid stability issues appear, the charging speed will be
adapted dynamically. For sure, in the first phase these parameters must be investigated, which
values lead to which situations in a specific low voltage grid.
The Price Indicator is used to calculate a certain price for using a certain charging station at a
certain time. It plays a very significant role because the factor which can be used to change
the behaviour of ELECTRIFIC users (choose the most suitable charging rate/option). Three
factors are important: Renewable percentage, accuracy of the forecast and grid status. In
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ELECTRIFIC it will be evaluated if the pricing scheme is accurate enough to use it for our
system and how we can improve it. The table below shows a summary of metrics used in this
context.
Table 15. Summary of Metrics for the VP.
Metric

Power Grid Frequency

Measures

Unit

Value/Range

See Table 5

Herz (Hz)

See Table 5

Calculation
Method

Measured directly

Evaluation

See Table 5

Applied in
ELECTRIFIC?

No, if our assumptions hold true

Metric

Supply Voltage

Measures

Unit

Value/Range

See Table 5

V

See Table 5

Calculation
Method

Measured directly

Evaluation

See Table 5

Applied in
ELECTRIFIC?

Yes, this is a fundamental metric used in the voltage planner and is
therefore almost mandatory to use

Metric

Flicker

Measures

Unit

Value/Range

See Table 5

[0 .. 10]

See Table 5

Calculation
Method

Measured directly

Evaluation

See Table 5

Applied in
ELECTRIFIC?

Maybe, depending on whether research in the project will identify this
as a metric that can be influenced by ELECTRIFIC

Metric

Voltage symmetry

Measures

Unit

Value/Range

See Table 5

Deviation in % of
total symmetry

See Table 5

Calculation
Method

Measured directly
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Evaluation

Yes, this is a fundamental metric used in the voltage planner and is
therefore almost mandatory to use

Applied in
ELECTRIFIC?

Maybe, depending on whether research in the project will identify this
as a metric that can be influenced by ELECTRIFIC

Metric

Harmonics

Measures

Unit

Value/Range

See Table 5

Number of the
individual
harmonic

See Table 4

Calculation
Method

Measured directly

Evaluation

See Table 5

Applied in
ELECTRIFIC?

Maybe, depending on whether research in the project will identify this
as a metric that can be influenced by ELECTRIFIC

Metric

Mean Absolute Error (MAE)

Measures

Unit

Value/Range

Error

n.a.

0-infinity

1

Calculation
Method

MAE = 𝑛 ∑𝑛𝑖=1|(𝑃𝑟𝑒𝑑𝑖 − 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑𝑉𝑎𝑙𝑢𝑒𝑖 )|

Evaluation

For evaluating the voltage planner a metric is needed showing how
precise the estimations of the power planner were. For this purpose a
metric like the MAE is useful. However, any similar metric can be used
as well.

Applied
in Yes, for the evaluation of the PP
ELECTRIFIC?
Metric

RenPercent

Measures

Unit

Value/Range

Renewables used to charge a battery

Percent

0-100

Calculation
Method
Evaluation

RenPercent = 𝑅𝑒𝑛𝐼𝑛𝐺𝑟𝑖𝑑 ∗

∑ 𝒍𝒐𝒄𝒂𝒍 𝒓𝒆𝒏𝒆𝒘𝒂𝒃𝒍𝒆 𝒔𝒐𝒖𝒓𝒄𝒆𝒔
𝑃𝒐𝒘𝒆𝒓 𝒖𝒔𝒆𝒅 𝒇𝒐𝒓 𝒄𝒉𝒂𝒓𝒈𝒊𝒏𝒈

RenPercent is a basic, well known metric, well suited for the use in the
power planner to express how much renewable energy is available. This
number is only estimated in the context of ELECTRIFIC

Applied
in Yes, well suited and therefore applied.
ELECTRIFIC?
Metric
Measures

Charging speed
Unit

Value/Range
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Watts

W

0-infinity

Calculation
Method

Directly adjusted through voltage change

Evaluation

The charging speed can be adjusted and is a fundamental part of the
smart charger. Therefore, it is a mandatory metric

Applied
in Yes, well suited and therefore applied.
ELECTRIFIC?

III.4.4. Grid Management System
The Grid Management System (GMS) contains the forecast controller and the real-time data
collector. The forecast controller delivers information about the estimated renewable
percentage in the power mix from the grid and the available capacity on the feeder line (cable)
connecting a charging station to the transformer substation and the voltage values in the low
voltage grid. This all, is not a component of the CSP. The CSP is requesting this information
from the Grid Management System by using the Forecast API. The table below provides a
summary of Metrics for the GMS.
Table 16. Summary of Metrics for the GMS.
Metric

RenPercent

Measures

Unit

Value/Range

Renewables used to charge a battery

Percent

0-100

Calculation
Method
Evaluation

RenPercent = 𝑅𝑒𝑛𝐼𝑛𝐺𝑟𝑖𝑑 ∗

∑ 𝒍𝒐𝒄𝒂𝒍 𝒓𝒆𝒏𝒆𝒘𝒂𝒃𝒍𝒆 𝒔𝒐𝒖𝒓𝒄𝒆𝒔
𝑃𝒐𝒘𝒆𝒓 𝒖𝒔𝒆𝒅 𝒇𝒐𝒓 𝒄𝒉𝒂𝒓𝒈𝒊𝒏𝒈

RenPercent is a basic, well known metric. In the Grid Management
System it is used to express the estimated percentage of renewable
energy in the grid.

Applied
in Yes, well suited and therefore applied.
ELECTRIFIC?
Metric

Electrical Capacity

Measures

Unit

Value/Range

Watts

W

0-infinity

Calculation
Method

Directly measured or forecasted

Evaluation

The Electrical Capacity is another mandatory metric. The GMS uses it to
provide information about the available capacity on the feeder line
connecting a CS.

Applied
in Yes, well suited and therefore applied.
ELECTRIFIC?
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III.5. EFO Modules
The electric vehicle fleet operator (EFO) modules are concerned with intelligent charging of
the EVs of a fleet and with EV health management. In the following these two aspects are
described in the context of existing metrics.

III.5.1. Fleet EV Charging Scheduler/ELSA
Fleet charging is at the moment done in an uncontrolled way, this means it’s done in a “first
come first serve” way. The car will be charged immediately when it is plugged in the charging
station, there is no control mechanism, that considers forecast for the next booking, energy
pricing and grid friendliness. There are two metrics which can be used in the context of the
Fleet Charging Scheduler, one is the workload of the charging stations, the second point is the
power peak at a charging location. The first can be subdivided into time based utilization, and
effective utilization. The Fleet Charging Scheduler will use a limited number of Charging
Stations for charging a number of EVs. Therefore it has to be analysed, how much a charging
station is utilized. The use of the time based utilization metric within ELECTRIFIC is determined
after the prototype of the charging scheduler is implemented. Then, the utilization of the
charging stations can be compared to the case, when an EFO is charging the EVs of a fleet
without the ELECTRIFIC.
As EVs are connected to charging stations most time of a day, but the charging process isn’t
active, a goal of the Fleet Charging Scheduler is to increase the workload the general workload.
In ELECTRIFIC the effective utilization metric will therefore be used to get the best agreement
between time for charging and the time of blocking a charging point.
With regards to the power peak metric, the power needs to be measured at the charging
stations. Due to the reason, that power consumption for heavy load users is calculated based
on the maximum power level, this metric has to be considered. Table 17 shows a summary of
existing metrics used for the Fleet EV Charging Scheduler.
Table 17. Summary of Metrics for the Fleet EV Charging Scheduler.
Metric

Time based Utilization/Workload of a Charging Station

Measures

Unit

Value/Range

Percentage of the time-based utilization

[%]

0...100

𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑝𝑒𝑟 𝑑𝑎𝑦
24

Calculation
Method

100% ⋅

Evaluation

The Fleet Charging Scheduler will use a limited number of Charging
Stations for charging a number of EVs. Therefore it has to be analysed,
how much a charging station is utilized.

Applied in
ELECTRIFIC?

The use of this metric within ELECTRIFIC is determined after the
prototype of the charging scheduler is implemented. Then, the utilization
of the charging stations can be compared to the case, when an EFO is
charging the EVs of a fleet without the ELECTRIFIC.

Metric

Effective Utilization/Workload of a Charging Station

Measures

Unit

Value/Range

Percentage of the effective utilization

[%]

0...100

Calculation
Method

100% ⋅

𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑒 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑝𝑒𝑟 𝑑𝑎𝑦
𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑏𝑙𝑜𝑐𝑘𝑖𝑛𝑔 𝑡ℎ𝑒 𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡
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Evaluation

EVs are connected most time of a day to a Charging Station, but the
charging process isn’t active. A goal of the Fleet Charging Scheduler to
increase the workload in this case.

Applied in
ELECTRIFIC?

In ELECTRIFIC it will be used to get the best agreement between time
for charging and the of blocking a charging point.

Metric

Power Peak at a Charging Location

Measures

Unit

Value/Range

Power

[W]

0...infinite

Calculation
Method

No calculation therefore, just measurements

Evaluation

In order to measure the power peak at a charging location, the power
needs to be measured. Due to the reason, that power consumption for
heavy load users is calculated based on the maximum power level, this
metric has to be considered.

Applied in

To reach our goal to reduce power peaks at a charging location, this
metric enables the monitoring of the current power dissipation. Therefore,
the power peak monitoring is needed to measure the current demand of
power.

ELECTRIFIC?

III.5.2. Fleet EV Health Monitoring
A Fleet EV Health Classification is currently not measured by a metric, rather is it using metrics
to determine the overall EV fleet health. For this use, different metrics can be applied.
On one hand, EV batteries can be measured physically in a lab environment. Here,
parameters, such as the battery voltage and the maximum available current can be measured.
Based on these values, other metrics, such as the internal battery resistance or the stored,
maximum energy can be derived. Lab measurements, however, have the disadvantage, that
they cannot be executed while driving an EV on the road. Because of this, the battery
measurements shall be done before and after the trials. These electrical metrics have a basic
significance in describing the physical behaviour of battery models. Hence, these
measurements need to be included in the trials.
On the other hand, the battery health state can be described by the State of Health (SoH). This
metric is commonly used to represent the remaining percentage of the nominal battery capacity
[SEM16] because of battery ageing. The State of Charge (SoC) can be calculated from the
SoH [You16], which is important in other parts of ELECTRIFIC, such as the Range Model
within the ADAS system. The SoH is depending on several parameters, such as the
percentage of fast charging in all charging cycles, which degrades the batteries faster
[SEM16]. On the contrary, delayed or slow charging slows down the battery ageing [SEM16].
The following two formulas show, that different authors are using inconsistent ways to calculate
a battery’s SoH.

-

𝑆𝑜𝐻 =

-

𝑆𝑜𝐻 =

𝑅𝐸𝑂𝐿 − 𝑅𝑖
𝑅𝐸𝑂𝐿 − 𝑅0

⋅ 100 %

[You16]

𝑇𝑜𝑡𝑎𝑙 𝑛𝑒𝑡 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑏𝑎𝑡𝑡𝑒𝑟𝑦
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑎𝑡 100 % 𝑆𝑜𝐻 ⋅ (𝑆𝑜𝐶1 −𝑆𝑜𝐶2 )

[SEM16]
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Car manufacturers also provide SoH information, based on a certain calculation, which is not
known to the ELECTRIFIC consortium. Due to this restricted knowledge, it has to be
determined, if the proposed formulas of You et al. or Semanjski and Gautama can be used.
Furthermore it can be possible, that both formulas are not suitable in the case of ELECTRIFIC
and a new definition of the SoH, which is universally applicable to all EV models of different
manufacturers, needs to be defined.
Table 18 provides an overview of existing metrics that can be regarded as a basis for the fleet
EV health monitoring system of ELECTRIFIC. Which of these are ultimately usable in the
context of ELECTRIFIC or if new metrics have to be created will show the lab experiments
done in the project.
Table 18. Summary of Metrics for Fleet EV Health Monitoring.
Metric
Measures

Lab Measurement
Unit

Physical properties of the battery in an Physical units such as volts
isolated environment
(voltage),
amperes
(current), ohms (internal
resistance),
watthours
(energy)

Value/Range
The
range
is
between zero and
high
numbers
without infinity.

Calculation
Method

The metrics are determined by direct measurement at the battery
terminals and testing equipment required to undertake the
measurements.

Evaluation

Because of its elementary significance for the determination of a
battery state, the lab measurements are needed for ELECTRIFIC.
During the data analysis it has to be determined, which parameters
are needed for the modelling of the physical behaviours.

Applied in
ELECTRIFIC?

The lab measurements are only done in the trials, because they can’t
be undertook while driving an EV. This is why the measurements are
only meant for data analysis within the research of ELECTRIFIC.

Metric

State of Health (SoH)

Measures

Unit

The remaining battery capacity in [%]
relation to the nominal battery
capacity.

Value/Range
0...100

Calculation
Method

The calculation method has to be determined in data analysis within
ELECTRIFIC.

Evaluation

Due to the inconsistent definitions in literature and the restrictions
through EV manufacturers because of confidentiality, it has to be
analysed, if the SoH is suitable for ELECTRIFIC.

Applied in

Since the analysis is part of further tasks in ELECTRIFIC wherein the
results are not clear, the application for ELECTRIFIC is unsure for the
moment.

ELECTRIFIC?
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IV. SUMMARY AND CONCLUSION
Within this document, we presented different existing metrics and evaluated them regarding
their applicability for ELECTRIFIC. Here, the metrics serve different purposes: (1) They are
used for measuring the degree to which project objectives are achieved, (2) they are used as
decision support within the ELECTRIFIC solution and for the evaluation of the single
components, and (3) the metrics are used as support for incentives.
In the first part (Chapter II) of the document, existing metrics for evaluating the degree to which
the four main ELECTRIFIC objectives are met were presented. With regards to evaluating the
simplification of use and the convenience of EVs, two metrics (EV performance and EV
satisfaction) for measuring the attractiveness of EVs showed potential. They could serve as a
basis for the development of new relevant metrics. Furthermore, three metrics (Effectiveness,
Efficiency, Satisfaction) showed to be useful for evaluating the attractiveness of in-car
applications, like the one that will be developed within the ELECTRIFIC project. Therefore, the
degree to which the first objective is met can be evaluated by using (metrics derived from)
existing metrics.
Concerning the second objective, improving the interoperability and being agnostic to car- and
battery manufacturers, two measuring methods, namely LISI and ISIMM showed potential to
serve as a basis for the development of further extended metrics. However, both cannot
directly be applied as is for the evaluation of the degree to which the second objective is met.
For evaluating the third objective, which is concerned with improving the grid-friendliness of
EV charging and the increased intake of renewables, several existing metrics were found and
identified to be potentially useful: The power grid frequency, Supply voltage, Flicker, Voltage
symmetries, Harmonics, RenPercent, and SAIDI. Some of these metrics are very suitable (e.g.
Supply Voltage and RenPercent) as is, whereas for other metrics, the impact of CSs still needs
to be evaluated. For example, the frequency will most likely not be influenced by the charging
process and therefore this metric could not be used to evaluate the degree to which the third
objective is met. However, these open issues are going to be investigated within the ongoing
ELECTRIFIC project.
The fourth and last main objective considers aligning EV behaviour with grid requirements by
adequate incentives. One psychological related metric (randomized controlled trials) and two
financially related metrics (Electricity Overload Cost, Peak Reduction) were presented. While
the first one is suitable for evaluating this objective as is, the latter two can serve as a good
starting point for the development and definition of new metrics.
In the second part (Chapter III) of the document, metrics which are used for decision support
and the evaluation of ELECTRIFIC components were presented. For most of the components,
existing metrics can be applied within ELECTRIFIC. These comprise metrics for financial and
psychological incentives, routing service, range service, data quality, charging EVs, grid
management, as well as metrics for EV health monitoring and charging/trip scheduling. Like
the metrics for evaluating the objectives (part one), some of the existing metrics which were
presented in the second part, might be extended or serve as a starting point for defining new
metrics. However, many of these existing metrics can reasonably be applied as is for
ELECTRIFIC.
To conclude, in this document we identified a valuable set of metrics which can be applied for
evaluating the degree to which ELECTRIFIC objectives are met, metrics that can be used as
decision support and input for components, and metrics that can be used for evaluating
components. However, we also showed shortcomings in some areas, where research needs
to be carried out within ELECTRIFIC. New metrics need to be developed that can better serve
the specific needs within the project. The definition of these new metrics will be covered in a
future deliverable.
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