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Introduction

1.1 Purpose of the Document
This document presents a part of the work conducted in task 1 of work package 3 of the SmILES project.
It includes the adaptation of a test description procedure based on work in the H2020 ERIGrid (1) project,
the collection of partner use cases and the selection of joint use cases by identification of similarities and
overlaps.
The objective of an energy system simulation typically entails that a given system is required to exhibit
certain functions. As a reference to formulate the exact properties and thus test requirements for a given
function, use cases specify objectives and desired behaviour of a system such that it can be said to exhibit
the named function.
The description of use cases is a generally accepted method of documenting requirements for applications
and processes for the purpose of defining functions of systems interfaces (2). In this context, systems
interfaces include boundaries between technical systems or subsystems as well as interactions between
technical systems and humans.
At European level, the Smart Grid Coordination Group (3) considers use cases as a fundamental tool to be
used in the design and implementation of interoperable systems. Consequently, the concept of use cases
has been used in various EU FP7 projects (e.g. Grid4EU (4) and ELECTRA (5)) to specify functionalities and
implementation requirements.
The connection between use cases as covered by WP3 and system configurations ‐ which are the subject
of WP2 ‐ is provided by the components of the system under consideration. Each system provides services
by means of the components it is composed of, as described by the system configuration. In this context,
a use case is a function used to provide a service to a given system. A system configuration describes
different systems or subsystems (each consisting of one or more components); the use case is then
implemented by one of these systems or subsystems.
One of the main goals of the SmILES project is to combine the modelling and simulation expertise of five
research partners ‐ AIT, DTU, EDF, KIT and VITO ‐ each with a different research focus, simulation tradition,
choice of toolchain etc. Furthermore, each of the partners introduces a different system configuration,
each with a particular set of possibilities and limitations. Use cases representing the individual partners’
interests (“Partner UCs”) can be expected to differ considerably.
This establishes the need for generating a set of cross‐cutting use cases (“joint UCs”) which are of interest
to multiple partners as well as ‐ with dissemination in WP6 in mind ‐ to a wider audience of researchers
and practitioners in the field. However, in order for these joint use cases to be suitable for their intended
purpose, they have to be described at a high level of detail. Given the effort required for a thorough
description of each joint UC, their number must be kept small while maintaining the broadest possible
coverage of the project’s field of research.

1.2 Scope of the Document
The work description of task 3.1 of the SmILES project reveals three main subtasks:
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Identification of relevant control functions to be simulated in connection with the system
configurations as defined by WP2
Definition of use cases based on these control functions
Identification of use case specific requirements for input data which are not covered by the
system configuration
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The scope of this deliverable is narrower than the task scope and covers only the definition of use cases.
This reverses the sequence of work compared to what had been assumed in the proposal. There, a
bottom‐up approach was envisioned in which the control functions would be identified first before use
cases would be developed based on the control functions. However, a top‐down approach where the
control functions are extracted during the process of detailing the use cases was found to be more
practical, especially because in the latter case, control functions only have to be specified for the (much
smaller number of) joint use cases.
Of the two types of use cases generated by SmILES ‐ partner use cases and joint use cases ‐ this deliverable
only contains a detailed description of partner use cases as well as the result of the joint use case selection
process. Although the final form of the joint use cases cannot be completed before the end of task 2.2,
we already sketch the outlines of the joint use cases in this report.
The remainder of the work in task 3.1 will be documented in subsequent deliverables:


The detailed elaboration of the joint use cases will be contained in deliverable D3.5 (description
of controllers), together with the output of task 3.2.



Deliverable D3.5 will also contain a description of the control functions which detail the use cases,
expressed in terms of the controller definition format as described by deliverable D3.2.

Documentation of the requirements for input data will be contained in deliverable D3.6 (data packages),
together with the output of task 3.3.

1.3 Structure of the Document
The main part of the document begins with a description of the method used to collect use case
descriptions from partners (section 2). The SmILES project profits from methodical work performed in the
H2020 ERIGrid project (1); subsection 2.1 discusses the synergies between ERIGrid and SmILES and
subsection 2.2 summarizes the holistic testing procedure developed by ERIGrid for testing work across
multiple laboratories. Subsection 2.3 lists differences between the projects and the corresponding
adaptations to the method in order to suit the needs of the SmILES project. Subsection 2.4 then introduces
the use case template as used in SmILES for describing proposed use cases.
Section 3 covers the process of selecting a small number of the 19 proposed use cases generated by the
project partners. After a short discussion of the partner use case collection process in subsection 3.1, the
individual steps of the selection process are described in subsection 3.2 (classification) and 3.3
(clustering). The resulting joint use cases are then presented in section 3.4.
The document ends with an appendix containing a full documentation of all use cases provided as partner
input.

1.4 Terminology
The following term definitions have been agreed upon within the SmILES project and are being used
throughout the document.
Use cases (UC) are the descriptions of applications that define the important actors, systems and
technologies, and their requirements that are part of these applications. Use cases tell the story of how
someone or something interacts with a system to achieve a goal. A good use case will describe the
interactions that lead to either achieving or abandoning the goal. A use case may describe multiple
possible interaction paths. In the context of this deliverable, use cases exclusively refer to uses of an
energy system, as opposed to e.g. the use of a simulation tool in order to describe said energy system.

D3‐1
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A control function (CF), in the context of SmILES, is a description of an embedded control system (or an
aspect thereof) which, together with the inherent physical properties of the system itself, defines the
behaviour of the control system and its response to dynamic input. Control functions can be seen as a
further detailing, or more formal description, of the mechanisms governing the behaviour of individual
actors in a use case.
A system configuration (SC) is a detailed, technical description of an energy system (a list of energy
domains, system components and their interrelations such as connectivity and hierarchy) and the
inherent properties of the components, i.e. component attributes and constraints. The system
configuration is the "static" part of a system description in the sense that, while dynamic attributes such
as transient parameters may be included in it, it does not contain information about the use of the system.
The description of multi‐energy system configurations includes ‐ but is not limited to ‐ specific building
typologies, local energy resources available, electric and thermal networks, and embedded control layers.
A test case (TC) provides a set of conditions under which a test can determine whether or how well a
system, component or one of its aspects is performing given its expected function. Test cases do not
specify implementation details such as the configuration of the system under test; neither do they refer
to a particular simulation setup.
A domain is a self‐contained field of knowledge characterized by a set of concepts, methods, terminology
and technology. In the SmILES context, domains specifically refer to the collectivity of systems or
subsystems which are described by the above concepts and terminology and which can be built using the
above methods and technology. In a broader context of simulation, domains are typically characterized
by their association with domain specific tools operated by domain experts. Examples of domains relevant
for SmILES are electrical power systems, thermal energy systems and communication systems.
The societal context reflects the social, technological, environmental, economic and political (STEEP)
context in which the system configurations and use cases are embedded. Relevant features may typically
include the public and political acceptance for renewable energy and storage technologies, weather
conditions, local availability of energy resources, and particular policy regulations and market structures
that set the legal and financial conditions under which renewable energy technologies can be deployed.
Most of the above definitions are inspired by, and closely aligned with, similar terminology used in the
ERIGrid project as documented in (6). The main motivation for this alignment was the recognition of the
benefits of a modular approach to simulation, where the static system data (SC), dynamic system
behaviour (UC) and simulation objectives (TC) could be disentangled, defined separately and combined at
will. This would e.g. allow partners or external users to simulate the application of a previously simulated
function to a different power system.

1.5 Relationship to other work within SmILES
Task 3.1, under which the work in this deliverable has been conducted, depends on other work conducted
in the SmILES project. It also provides input to other parts of the project. The most important of these
relations are:


The development of partner‐provided use cases has been conducted on the background of the
partner‐provided system configurations collected in task 2.2. However, for task 2.2 to proceed
towards its end goal of selecting suitable system configurations, the use cases of interest need to
be known as much as possible. This establishes a mutual dependency between tasks 2.2 and 3.1.



Within work package 3, task 3.1 establishes the foundation for the execution of tasks 3.2 and 3.3.
The decision on the set of joint use cases is a necessary foundation for extracting the set of control

D3‐1
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functions required to represent all joint use cases. This in turn determines the minimum range of
control functions which the controller definition format must be able to express (task 3.2). The
joint use cases also define the set of input data which must be processed and provided (task 3.3).

2



The detailed use cases will determine the scope of the work to be performed in work packages 4
and 5: Which components must be modelled? Which types of control are involved? What are the
requirements for co‐simulation, e.g. which domains and which types of subsystems need to
interact?



Finally, the detailed use case descriptions will eventually be published on the shared information
platform implemented in work package 6.

Description method for simulation use cases

Simulations in an academic context are often developed without reference to a dedicated design process.
In many cases, especially in well‐established fields, standard tools exist for which a standard workflow has
evolved over time, in place of a dedicated method. An example for such an established workflow is the
procedure for power flow analysis in the field of power systems engineering.
Where no standard tools and workflows exist, such as is the case for e.g. the co‐simulation of multiple
energy system domains, ad‐hoc solutions (or “hacks”) are common which are designed to solve a
particular problem here and now, rather than contributing to the research community’s long‐term effort
of creating better tools. This is often a very rational choice; researchers in need of simulations often
consider simulation technology to be outside of (or at least peripheral to) their field of research.
Furthermore, many developers of ad‐hoc tools are PhD students and Postdocs for whom the contribution
to long‐term tool development bears the risk of not reaping any benefits within the time horizon of their
employment contract.
The ad‐hoc approach works well for a tightly‐knit circle of users, such as e.g. a single research group. Once
the user group needs to expand either in space or time (i.e. sharing simulations with other research
groups, or securing the use of the simulation across e.g. employee fluctuations or project priorities over
time), a more formal approach is needed to ensure that the simulation can be replicated elsewhere
without having direct access to the implicit assumptions and data which are “baked into” the tool, or
knowing the undocumented “tips & tricks” to replicate an established workflow.

2.1 Synergies with the H2020 ERIGrid project
The problem of porting simulations to other users and platforms is strikingly similar to that of porting
smart grid laboratory experiments to other users and facilities, i.e. replication of an experiment conducted
at a different laboratory. Unlike e.g. chemical laboratories which use a highly standardized set of basic
equipment, smart grid laboratories come in many variations. Device types and capabilities, network size
and layout, control and automation capabilities as well as the overall purpose of the laboratory can be
very different between two facilities. This is quite comparable to the differences between simulation
tools, each of which has a characteristic set of capabilities, a unique library of models and a specific focus
which manifests itself e.g. in the types of solvers used, the depth of detail or the range of useable time
scales.

D3‐1
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It is therefore useful to think of laboratories and simulation platforms as two different flavours within the
same category: Infrastructures for energy system testing.
As part of the Horizon 2020‐funded project ERIGrid, considerable effort has been spent in order to develop
a holistic system integration and testing procedure, designed to describe system‐level tests in a
infrastructure‐independent manner. While the procedure is primarily directed towards the transfer of
experiments between laboratories and the design of multi‐laboratory experiments, it is equally applicable
to the transfer of simulations between multiple parties interested in performing these simulations on
their respective infrastructures. Therefore, the existing ERIGrid procedure provides a good basis for the
modelling work in SmILES, and it was decided to adapt it to the specific needs of the SmILES project.

2.2 The ERIGrid Holistic System Integration and Testing Procedure
Smart grid components and functions are embedded in a distributed and complex infrastructure. The
formulation and specification of test requirements is therefore both a technical and conceptual challenge.
In order to frame this approach the ERIGrid project proposes the following definition of holistic testing:
“The process and methodology for evaluation of a concrete function, system or component within its
relevant operational context with reference to a given test objective”.
A challenge is therefore to formalize the complete cyber‐physical system context and test criteria in a
common framework. A first outline of the holistic testing approach was presented in (7), where a focus
was placed on the concept of holistic testing and a corresponding methodology. The challenge of
addressing multiple infrastructures with a single test case, as outlined in (7), is within the scope of the
presented approach, but details will be omitted for brevity.
Based on these concepts, ERIGrid has formulated a procedure for holistic test specification which defines
steps for formulating a concrete and holistic test description (Figure 1, steps 1‐4). In this process, the
questions “what needs to be tested?”' and “why does it need testing?”, which are answered in step 1, are
separated from the question “how should it be tested?”, which is answered in step 3. The above questions
can be answered independently of the respective testing infrastructure or simulation platform; therefore
the question “what kind of infrastructure is available to carry out the test?” is addressed to define the
available partner capabilities in step 2. Finally, by answering “how should the available infrastructure be
configured to carry out the specified test in a concrete experiment” in step 4, the experiment specification
is completed.

D3‐1
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Figure 1: The main steps in the ERIGrid methodology for holistic testing (source: (6))
In order to formulate the holistic test case, three inputs are required:


A Generic System Configuration, which is a description of the overall system configuration (and
assumptions) within which an object (or subsystem) is sought to be tested



A set of Use Cases which describe the sequence of actions/functions that are expected of the
tested object



The Test Objective, i.e. the reason for carrying out the tests, stating the overall evaluation
objective.

Based on these inputs, the Test Case describes the following concepts:


A System under Test (SuT) which identifies the system boundaries of an abstract test system
entailing all relevant interactions requiring investigation



The Object(s) under Investigation (OuI) identifying the systems, subsystems, or components
within the SuT to which the test criteria will be applied



The Domain(s) under Investigation (DuI) which identify the relevant physical or cyber domains
(and subdomains) that are of interest for the test parameters and connectivity



With respect to the use cases, Function(s) under Test (FuT) and Function(s) under Investigation
(FuI) which describe the relevant operations relevant to the SuT (in the FuT) and the ones that are
being investigated with respect to the OuI (in the FuI)



The Purpose of Investigation (PoI) which details the test objective and sub‐objectives by qualifying
each objective as either validation, verification or characterization.



Test Criteria which state the metrics that need to be evaluated for each of the objectives
formulated in the PoI.

D3‐1
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With these concepts, it is possible to define a test specification which consists of


a test system configuration which defines how the OuI is going to be embedded in the SuT,



the Input/Output Parameters of the system which will be varied, observed, and evaluated and



the test design which defines the manner in which the test will be carried out.

Finally, given a test specification, the testing requirements can be mapped to the capabilities of one or
more partners in order to carry out the experiment. This mapping (step 4 in Figure 1) leads to a concrete
experiment specification, which identifies the components and devices that reflect the required functions,
domains and connections specified in the previous steps in order to execute the test.
The experiment specification is the last step of the description phase before an experiment can be
conducted (step 5 in Figure 1). After the experiment, a pre‐assessment of the results is required (step 6)
to decide whether the test specification will have to be adapted for a re‐run of the experiment in a
modified setting, or if the results are suitable for a final evaluation of the experiment (test evaluation,
step 7).
The process outlined above is described in further detail in (8) and fully documented in (6).

2.3 Adaptation of the procedure
Despite the overlap between the SmILES and ERIGrid projects on the aspect of transferring tests between
research infrastructures, the overall goals and structures of the two projects are quite different. These
differences have to be taken into account when applying the holistic testing procedure, and adaptations
to the requirements of SmILES are needed.
One of the main differences between ERIGrid and SmILES is related to SmILES’ orientation towards
external user groups: While ERIGrid is focused on enabling collaboration between the project participants,
SmILES is committed to produce and publish simulation cases at sufficient detail to be replicated by third
parties. As discussed in the beginning of section 2, the public dissemination of workable simulation cases
requires a more thorough description than the distribution among collaboration partners, in order to
ensure that at least many of the implicit assumptions behind any simulation setup are being documented.
The “end product” of ERIGrid are experiments conducted at specific laboratory sites (step 5 in Figure 1)
as well as the results of the experiment (step 7). One the other hand, SmILES’ end product are test
specifications, i.e. publicly available simulation models, required input data and simulation instructions
(corresponding to step 4 in Figure 1). While the execution of the simulation (step 5) and the simulation
results (step 7) are within the scope of the project, their primary purpose is to serve as a proof of concept
(execution) and as a dataset for validation (results).
The above findings do not directly impact the stage of use case generation ‐ as covered in this deliverable
‐ but require additional information to be produced to accompany the use cases at a later stage. Here, the
SmILES project has a specific focus on the reproducibility of control functions and the availability of all
necessary input data. These will be handled by task 3.2 (control functions) and task 3.3 (input data),
respectively, and will be covered by future deliverables.
The same rationale applies to the generation of system configurations (within the scope of WP2) and test
objectives (within the scope of WP4): Additional documentation and data are required in order to
generate test cases ‐ and finally test specifications ‐ with a high enough level of detail to enable a
D3‐1
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sufficiently close replication of the simulation by third parties which do not benefit from direct access to
and/or close collaboration with the consortium and its members. In all three cases (system configurations,
use cases and test objectives), no special procedures are required for the creation and selection stages of
the process, but special attention has to be paid to the needs of end users at the detailing stage.
A particular focus of the ERIGrid project is the enabling of tests spanning more than one research
infrastructure (RI) or laboratory facility (“Multi‐RI testing”). In a simulation context, this would be
equivalent to designing a cosimulation setup to couple a number of simulators provided by multiple
partners. In SmILES, on the other hand, the individual partners will use their own toolsets and workflows
(“Single‐RI testing”) and no simulator coupling between partners is envisioned. This will simplify the
creation of test specifications compared to ERIGrid, because interfaces between partner infrastructures
will not have to be taken into account and corresponding documentation will not be needed. This
simplification will primarily affect the work of WP5.

2.4 Revised UC template
At the normative level, the International Electrotechnical Commission (IEC) is developing the IEC 62559
series of standards within Technical Committee (TC) 8 (“Systems aspects for electrical energy supply”) and
System Committee (SyC) “Smart Energy” which concerns itself with use case methodology. In particular,
IEC 62559‐2 defines the use case template structure (see fFigure 2) based on work of the Smart Grid
Coordination Group. Historically, the IEC 62559‐2 use case template builds on work in the IntelliGrid
research programme conducted by the US Electrical Power Research Institute (EPRI). An architecture was
defined within this programme as a means to implement the “IntelliGrid vision” of the automated, self‐
healing, and efficient power system of the future. The IEC 62559‐2 template extends a similar template
developed by EPRI.

Figure 2: IEC 62559‐2 use case template
D3‐1
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FFigure 2 mentions “Existing data models” and a “Use case repository” as information sources for several
of the template sections. Both of these terms refer to efforts to simplify the generation of use cases. The
creation of a use case repository is an ongoing effort undertaken by the IEC and will contain reusable
building blocks such as actors and requirements. References to existing data models may be used in order
to simplify the description of message exchanges in the context of a use case by using a standard
vocabulary. An example of such a data model is the IEC CIM (Common Information Model) (9).
Unfortunately, the existing use cases and information models are almost exclusively focused on electrical
power systems and their associated information systems. For this reason, a more ad‐hoc approach was
selected for the generation of partner use cases.
The final SmILES use case template, reproduced below, is based on a use case template developed by the
ERIGrid project, which in turn derives from IEC 62559‐2. The ERIGrid template already includes explicit
support for multiple physical domains. The main changes introduced by SmILES include a simplification of
the template by lowering the level of detail, and the provision of a detailed example (blue text). Both
measures were designed in order to lower the effort, especially for partners with less experience in use
case generation.
The use case template prompts first for general information on the uses case, including its scope and
objectives, and a use case narrative describing the main controller function and the interaction between
the various actors. Following, more details are requested on the concrete optimality criteria associated
with the different objectives, the use case conditions (main assumptions, prerequisites) and technical
details of the (system and human) actors involved. Finally, the interactions patterns and event sequences
can be further specified through a graphical representation and the description of one or more use case
scenarios.

D3‐1
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Figure 3: SmILES use case template (part 1)

D3‐1
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Figure 4: SmILES use case template (part 2)
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Figure 5: SmILES use case template (part 3)

3

Use case selection

One of the main goals of the SmILES project is to combine the modelling and simulation expertise of five
research partners ‐ AIT, DTU, EDF, KIT and VITO ‐ each with a different research focus, simulation tradition,
choice of toolchain etc. Furthermore, each of the partners introduces a different system configuration,
each with a particular set of possibilities and limitations. Use cases representing the individual partners’
interests (“Partner UCs”) can be expected to differ considerably.
This establishes the need for generating a set of cross‐cutting use cases (“joint UCs”) which are of interest
to multiple partners as well as ‐ with dissemination in WP6 in mind ‐ to a wider audience of researchers
and practitioners in the field. However, in order for these joint use cases to be suitable for their intended
purpose, they have to be described at a high level of detail. Given the effort required for a thorough
description of each joint UC, their number must be kept small while maintaining the broadest possible
coverage of the project’s field of research. This section describes the process of selecting five joint use
cases, based on 18 partner use cases provided by the project participants.
The bulk of use case selection work was conducted during a technical workshop held at VITO’s Energyville
campus in June 2017, at which all research partners were represented. This included the development of
a suitable process and the establishment of selection criteria.

D3‐1
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3.1 Collection of partner use cases
As part of the collection of information on system configurations in WP2, very brief use case descriptions
in the form of headlines with an optional short narrative were provided by the partners. This initial list of
18 use case headlines directly reflected the current research interests of the individual partners, as well
as, in some cases, simulation work which had already been performed by a partner. Between three and
five use cases were supplied by each partner, resulting in an initial list of 18 use cases (UC1‐UC18 in Table
1). One month prior to the workshop, the use case template was distributed to the partners and each of
the partners was asked to provide a more detailed description for each of the cases they had contributed
to the initial list.
Table 1: List of Partner use cases
ID

Partner Use case

UC1

DTU

Regulating power from P2H units

UC2

DTU

Using P2H units for thermal optimization of the heat network

UC3

DTU

Heat peak shaving

UC4

AIT

Network‐optimized use of DER

UC5

AIT

Grid services from DER

UC6

AIT

Market‐oriented control of storage and P2H

UC7

KIT

BESS optimization for production process

UC8

KIT

Electrical peak shaving using BESS

UC9

KIT

CHP and BESS

UC10 KIT

Data‐driven dynamic heat models

UC11 KIT

Using heat storage to minimize heat use and provide electrical flexibility

UC12 EDF

Maximize use of local resources

UC13 EDF

Heat peak shaving

UC14 EDF

Optimal design of CHP and heat storage

UC15 VITO

Manual demand response portfolio management

UC16 VITO

Automated demand response for intraday RE balancing

UC17 VITO

Maximize residual heat use

UC18 VITO

National scale case

UC19 DTU

EVs as storage

Comments

Dropped

Ad hoc

During the initial discussions at the workshop, one use case (UC10) was removed from the list because it
described the use of modelling tools (modelling use case) instead of an aspect of an energy system (energy
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system use case) which had been the scope of the collection. An additional use case (UC19) was added
during the selection process in order to cover a perceived gap: None of the existing UCs covered the use
of electrical vehicles as storage, which WP2 had identified as an important R&I topic according to the
recent roadmaps of EASE‐EERA (10) and ETIP‐SNET (11). This brought the total number of UCs back to 18.
At the beginning of the workshop, expectations were aligned between the partners regarding the desired
number of joint UCs to be produced as a result of the selection process. It was agreed that, due to the
significant effort involved in detailing each joint UC, a final number greater than five would not be realistic.
On the other hand, the considerable diversity in partners’ research interests meant that a higher number
of joint UCs would capture a broader section of these interests. The final consensus position asked for
between three and five joint UCs to be selected for investigation in SmILES.
The selection process consisted of five steps:


Compilation of a list of self‐classifier labels by all participants



Categorization of all partner UCs according to the self classifiers (see section 3.2).



Development of major constraints and selection criteria (see section 3.3).



Rating of the partner UCs according to these criteria, and compilation of a ranked list based on
the ratings.



Merging of the results of steps 2 and 4 into a final selection of relevant topics for joint UCs

3.2 Collection of partner use cases Classification
With the purpose of selecting the most interesting use cases to meet present research and innovation
challenges, in a first step a list of 21 self classifiers was collected by all workshop participants (Figure 6,
left vertical axis). To simplify the analysis, the self classifiers were further grouped into five overall
categories:
1. System management (control, optimization, demand response, peak shifting)
2. Storage
3. Design of smart energy systems
4. Energy conversion
5. Consumer & Markets.
These groups can be seen to the left of the classifier list in Figure 6.
In the second step, each partner was asked to give a binary assessment on whether the use cases provided
by their organization were topically related to each self classifier. Figure 6 illustrates the resulting mapping
from use cases to classifiers: Along the top horizontal axis, the identifiers for all partner UCs are listed,
corresponding to the use case list in Table 1. Each partner use case therefore represents one column of a
matrix covering the main area of the figure, whereas each self‐classifier represents one matrix row. The
use case columns are grouped along the bottom horizontal axis according to the partner originally
providing the use case, as well as the associated system configuration.
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The matrix in Figure 6 shows the final result of the classification process. The presence or absence of each
coloured rectangle indicates whether the corresponding use case aligns with the corresponding classifier
(presence) or not (absence).

Figure 6: Mapping of use cases (top horizontal axis) to classifiers (left vertical axis). Rectangles indicate
which use cases are topically related to which classifiers. Importance votes by participants (section 3.3)
are shown on the right vertical axis. Red squares indicate classifiers selected for further development
(section 3.4).

3.3 Clustering of use cases
While the classification stage mainly focused on the overlap between the research interests of partners,
additional selection criteria were required to ensure a match between the selected joint use cases, the
needs of the project and the public research agenda as analysed by WP2. A discussion at the beginning of
the evaluation process revealed that not all of the 21 classifiers were considered to be of equal importance
to either the project or to the public research agenda as e.g. expressed by different roadmaps (10; 11). To
reflect these differences, it was decided to introduce classifier weights.
In order to determine classifier weights, each workshop participant received five votes, each of which
could be given to one of the 21 classifiers if the participant considered that classifier to be of particular
importance to the public research agenda. For each classifier, the number of received “importance votes”
is visualized as the number of dots in each column on the right vertical axis in Figure 6.
For the final use case selection, the following constraints were agreed upon:
1. In order to be considered as the basis for a joint UC, a classifier must receive at least two
importance votes.
2. Each joint UC must be of interest and relevance to at least two of the five partners. This includes
being applicable to at least two of the partner‐provided system configurations (SC).
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3. Each system configuration must be applicable to at least one out of the list of selected joint UCs.
4. To promote knowledge transfer, each joint UC must present a challenging or novel research
aspect which has not already been investigated by all partners despite being of general interest.
In practice, this constraint was implemented by favouring classifiers mapped to a low number of
partner UCs, but receiving a high number of relevance votes.
The outcome of this process is represented by the colour coding of the matrix cells in Figure 6: Light grey
rectangles correspond to classifiers that span too many partner use cases to be useful as a selector due
to lack of distinctive power. Dark grey boxes were considered to be potentially useful for separating use
cases (high distinctive power). Finally, red boxes indicate the classifiers that have high distinctive power
and a high number of importance votes, and were consequently used to form the topical basis for the
joint use cases to be further developed in the consortium.
As a workshop result, five joint UCs were identified for further work in SmILES. The first three joint UCs,
“Storage ‐ Long Term”, “Electrical Vehicle” and “Heat for Electricity” were selected based on each
receiving at least three importance votes as well as possessing high distinctive power (constraints 1+4).
To improve coverage of use cases and to ensure the representation of all consortium partners’ interests,
an additional selection round was undertaken, selecting two additional classifiers. For this round,
classifiers which characterize ten or more use cases were excluded. Then, from among the remaining
classifiers receiving at least two votes for relevance, the classifiers which best cover the remaining use
cases were selected. These are “Peak Shaving El” and “Consumer Interaction”. The selected use cases are
shortly described in section 3.4.

3.4 Selected joint use cases
3.4.1 Joint UC1: Storage ‐ Long Term
Intersection of consortium partners

EDF, VITO

Intersection with partner use cases

UC12, UC14, UC17

Interested partners

EDF, VITO, AIT

Discriminative Criterion

Optimal design of long‐term thermal storage to maximize the
use of renewable and waste resources

Comments

The contributing partner use cases describe different systems
and objectives which could be realized as sub‐use cases or
scenarios. UC12 and UC14 describe multi‐energy systems
whereas UC17 is primarily focused on heating and cooling.
UC12 and UC17 aim at self‐sufficiency whereas UC14 covers
the optimization of an interconnected (district) system.
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3.4.2 Joint UC2: Electrical Vehicles
Intersection of consortium partners

VITO, DTU

Intersection with partner use cases

UC18, UC19

Interested partners

VITO, DTU

Discriminative Criterion

Electrical grid services from mobile and non‐dedicated
electrochemical storage units

Comments

The contributing partner use cases describe a similar system
but at different time scales and geographical scales. While
UC18 includes optimization at the planning stage and at the
national scale, UC19 concerns the operational time scale and
is geographically limited to a distribution feeder.

3.4.3 Joint UC3: Heat for Electricity
Intersection of consortium partners

DTU, AIT, KIT

Intersection with partner use cases

UC1, UC4, UC5, UC11

Interested partners

DTU, AIT, KIT, VITO

Discriminative Criterion

Electrical grid services provided by using flexibility in heat
demand

Comments

The contributing partner use cases are all focused on control
and energy management on an operational time scale but
differ in geographical scale. While UC11 addresses grid
services provided by individual buildings, UCs 4 and 5 are
concerned with an integrated analysis of DER units in
combination with energy distribution networks. At the other
end of the scale, UC1 focuses primarily on the operation of
network embedded power‐to‐heat units as a source of
flexibility.
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3.4.4 Joint UC4: Electricity Peak Shaving with Stationary Storage
Intersection of consortium partners

KIT, AIT

Intersection with partner use cases

UC6, UC7, UC8, UC9

Interested partners

KIT, AIT, VITO

Discriminative Criterion

Demand peak shaving using stationary electrochemical
storage units.

Comment

The contributing partner use cases describe different
variations of peak shaving services. In addition, time scales
and geographical extent are different. While UC6 applies peak
shaving to a distribution network, UCs 7, 8 and 9 are primarily
concerned with the building (or site) level.

3.4.5 Joint UC5: Consumer Interaction
Intersection of consortium partners

DTU, VITO

Intersection with partner use cases

UC2, UC3, UC15, UC16

Interested partners

DTU, VITO

Discriminative Criterion

Integrating user input into the control/operation process

Comment

The contributing partner use cases describe different
configurations in which an aggregator or balancing
responsible controls a portfolio of resources owned and
operated by energy consumers. The differences between the
variance are mainly related to the activation method (UC15:
Manual demand response, UC2, 3 and 16: Automated
demand response) and the different nature of the required
user interaction which follows.
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5

Appendix – Partner use cases

5.1 Use Case UC 1
5.1.1 Description of the use case UC1
5.1.1.1 Name of use case
ID
UC1

Use case identification
Name of use case

System
configuration(s)
TBD

Provide regulating power to the electrical transmission network by
controlling power‐to‐heat units

5.1.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

1/06/2017

O. Gehrke

First version

Approval
status
Draft

5.1.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

Objective(s)

Belongs to use case group
(if applicable)

This use case concerns the coordination of operations between district
heating and electrical power system with regards to the provision of
regulating power to the electrical network.
The system consists of one or several power‐to‐heat (P2H) units (heat
pump, electrical boiler or other) which consume electrical power from a
distribution grid and provide heat to consumers in combination with a
district heating network. Furthermore, the system includes one or multiple
aggregator entities which are controlling and monitoring the P2H units, as
well as the communication infrastructure required for control and
monitoring. The P2H units may either be primary or supplementary heat
sources in the district heating network itself, or they may be located on
customer premises, either as a supplement to district heating or
supplemented by district heating.
O1: Provide up‐and downregulating power to the electrical power grid on
demand
O2: Do not negatively impact the operation of the district heating system
O3: Maximize revenue to the aggregator (to be shared with the unit
owners)
Transmission grid services

5.1.1.4 Narrative of use case
Narrative of use case
Short description
[How? Free text description of main function of controller and how it interacts with most relevant actors
(Controllers & Control signals]
Complete description
Electrical systems with a large amount of renewable energy are subject to fluctuations in energy
generation on multiple time scales. For systems with a high penetration of wind power, the ability of
the power system to counteract these fluctuations is particularly important on the time scale of few
minutes to few hours. Above a few hours from the operating hour, forecasts allow the energy supply to
be shifted to other sources through the existing market mechanisms. Fast fluctuations on timescales of
seconds to a few minutes are dampened by geographical spreading.
It can be shown that the system's demand for available up‐ and downregulating flexibility grows with
increasing wind penetration. These services have been traditionally provided by thermal power plants;
however, as these are being replaced by renewable generators, alternative sources need to be found.
A significant amount of flexibility would be available from demand‐side resources if their operation
could be coordinated with the needs of the electrical grid.
D3‐1
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District heating networks have a great potential to act as an energy sink for downregulation services
(i.e. load increase) due to their slow time constants and built‐in energy buffering capacity. If a number
of power‐to‐heat units are deployed in the district heating network, either as large units at central
heating plants or as small decentralized units embedded into the heat distribution network, their
coordinated operation could be used to provide operational flexibility to the electrical power grid. The
same goal could be achieved where buildings have multiple heating options, e.g. a district heating
connection and an additional supplementary electrical heater. If a downregulation signal is received,
the electrical heater could take over the heat supply of the building from the district heating supply.
Upregulation can be provided in a similar fashion.

5.1.1.5 Optimality criteria
Optimality Criteria
Description

ID

Name

C1

Service delivery

Minimize the difference between the
committed service profile and the
delivered service, expressed as the
Mean Absolute Error (MAE) over the
duration of the service delivery.

Reference to mentioned use
case objectives
O1

5.1.1.6 Use case definitions
Use case conditions
Assumptions
[Assumption; assumed relation to other systems: e.g. higher level controller sends a signal]
‐
Prerequisites
[Triggering Event (update of control signal or disturbance ...)]
‐

5.1.1.7 General remarks
General remarks
[everything which doesn't fit in any of the other categories]
‐

5.1.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram
‐
b) UML Sequence diagram(s)
‐

5.1.3 Technical details
5.1.3.1 Actors
Grouping
‐
Actor name

Actor type

Actors
Group description
‐
Actor description

‐

‐

‐

D3‐1
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5.1.4 Step by step analysis of use case (optional)
5.1.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No.
Scenario
Scenario
Primary
Triggering
Pre‐condition
Post‐
name
description
actor
event
condition
‐
‐
‐
‐
‐
‐
‐

5.1.4.2 Steps – Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
No.

Event

Name of
process/
activity

‐

‐

‐

Descrip‐
tion of
process/
activity
‐

Service

‐

Informa‐
tion
producer
(actor)
‐

Informa‐
tion
receiver
(actor)
‐

Informa‐
tion ex‐
changed
(IDs)
‐

Requirements
R‐ID

‐

5.1.5 Step by step analysis of use case (optional)
Common terms and definitions
Definition

Term

5.2 Use Case UC 2
5.2.1 Description of the use case UC2
5.2.1.1 Name of use case
ID
UC2

System configuration(s)
TBD

Use case identification
Name of use case
Coordinate the operations of district heating and electrical power
system with respect to thermal optimization of the heat network.

5.2.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

03/06/2017

O. Gehrke

First version

Approval
status
Draft

5.2.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

D3‐1

One of the main difference between the electrical and heating domain is
the high inertia from the DH network (water in the pipes carrying the heat).
This can be problematic when operating such network since the heat
production is centralized, and end users can be far from the central power
plant. This causes a time lag of up to several hours between production
and consumption. DH networks are pressure driven systems with pumps
and valves guaranteeing a sufficient pressure drop at critical points in the
network to ensure that the heat demand of every consumer is met.
There are two traditional ways of addressing an increase in heat demand:
increasing the water flow or raising the supply temperature. Consumers
control the flow at the substation levels where an increase in heat demand
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Objective(s)
Belongs to use case group
(if applicable)

results in a pressure drop (valve opening for larger flow). This pressure
drop needs to be compensated by the pump(s) in the network.
Due to the high inertia and length of the network, a temperature increase
at the central heat source takes a long time to reach consumers at the end
of the line. This makes DH utilities strongly rely on heat load forecasts
which have limited accuracy. To avoid undersupply, DH network are
therefore operated at higher temperatures than strictly required, in order
to have a margin against sudden changes in heat demand. This is inefficient
since the higher temperatures induce higher heat losses and decreases the
efficiency of the heat source. Local heat injection using power to heat
technologies is one possibility to address this issue. However, since these
units have an impact on the electrical power system, their widespread use
would have to be coordinated with the operation of the electrical system.
UC2 concerns the coordination of operations between district heating and
electrical power system with regards to the thermal optimization of the
heat network.
‐
Energy efficient operation

5.2.1.4 Narrative of use case
Narrative of use case
Short description
[How? Free text description of main function of controller and how it interacts with most relevant actors
(Controllers & Control signals]
‐
Complete description
[More verbose description; include for example details about control domain, requirements towards
input signals or applicable system operating modes (normal, emergency, …)

5.2.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives
‐
‐
‐
‐

5.2.1.6 Use case definitions
Use case conditions
Assumptions
[Assumption; assumed relation to other systems: e.g. higher level controller sends a signal]
‐
Prerequisites
[Triggering Event (update of control signal or disturbance ...)]
‐

5.2.1.7 General remarks
General remarks
[everything which doesn't fit in any of the other categories]
‐
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5.2.2 Graphical representation(s) of use case
5.2.3 Technical details
5.2.3.1 Actors
Actors
Group description

Grouping
Actor name

Actor type

Actor description

Further information specific to
this use case

5.2.4 Step by step analysis of use case (optional)
5.2.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
No.

Scenario
name

Scenario conditions
Primary
Triggering
actor
event

Scenario
description

Pre‐condition

Post‐
condition

5.2.4.2 Steps – Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
No.

Event

Name of
process/
activity

‐

‐

‐

Descrip‐
tion of
process/
activity
‐

Service

‐

Informa‐
tion
producer
(actor)
‐

Informa‐
tion
receiver
(actor)
‐

Informa‐
tion ex‐
changed
(IDs)
‐

Requirements
R‐ID

‐

5.2.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.3 Use Case UC 3
5.3.1 Description of the use case UC3
5.3.1.1 Name of use case
ID
UC3

System configuration(s)
TBD

Use case identification
Name of use case
Lower heat demand peaks in the heat distribution network by
controlling power‐to‐heat units

5.3.1.2 Version management
Version
No.
1.0

D3‐1

Date

Version management
Author(s)
Changes

04/06/2017

O. Gehrke

First version

Approval
status
Draft
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5.3.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

This use case concerns the coordination of operations between district
heating and electrical power system with regards to heat peak shaving.
Similar to electrical networks, district heating networks need to be
dimensioned for the highest expected simultaneous heat demand, plus
margins for expected demand increase due to population growth/urban
development. In countries with pronounced seasonal climates, this results
in poor capacity utilization for most of the year, including additional losses
due to an oversized network.
If power‐to‐heat units (e.g. electrical flow heaters) are deployed
throughout the heat distribution system, these can be used to cut the tip
of peak demand. This allows the entire network to be dimensioned to a
smaller size, and a correspondingly higher load factor. However, the more
widespread these peak shaving units would become, and the more
aggressively they would be used (i.e. the higher the percentage of peak
load provided by these units), the more urgent would be the coordination
of their activation with the operation of the electrical power system. This
is especially true for power systems with a high amount of renewable
generation.
The system consists of one or several power‐to‐heat (P2H) units (heat
pump, electrical boiler or other) which consume electrical power from a
distribution grid and provide heat to consumers in combination with a
district heating network. Furthermore, the system includes one or multiple
aggregator entities which are controlling and monitoring the P2H units, as
well as the communication infrastructure required for control and
monitoring. The P2H units may either be primary or supplementary heat
sources in the district heating network itself, or they may be located on
customer premises, either as a supplement to district heating or
supplemented by district heating.
The use case assumes the existence of a market platform for heat services
on which a peak shaving service could be traded. The owners of the P2H
units bid their heat flexibility into the market. The operator of the heat
network can acquire the necessary services from the market. The operator
of the P2H units' electrical network determines a congestion charge in the
case that the delivery of the heat service causes a high load level on the
electrical distribution grid.
Objective(s)
O1: Maintain sufficient capacity in the heat distribution network under
high load conditions
O2: Prevent overloading of the electrical distribution network as a
consequence of auxiliary heat production
O3: Reduce the required heat network capacity (incl. planning margin) for
economic advantage
Belongs to use case group Energy distribution network integration
(if applicable)

5.3.1.4 Narrative of use case
Narrative of use case
Short description
One or multiple aggregators continuously monitor the P2H devices and predict the available flexibility
of each device within a certain future time horizon. They bid the available flexibility into the market at
regular intervals.
The heat network operator predicts the expected heat load in the individual branches of the heat
distribution network, and the resulting operating margins/capacity reserves. If insufficient distribution
capacity is expected, the operator purchases peak shaving capacity on the market.
<where does the DSO get into the picture?>
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During the operating hour, the aggregators control the devices in their portfolio according to the market
result.
Complete description
The market clears at regular intervals and determines a merit order list.
 After the operating hour, the heat network operator verifies the adherence to the purchased
service by using e.g. meter data. Deviations from the purchased service are being penalized.

5.3.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives
C1
Occupant comfort
Minimize magnitude and duration of O1
room temperature deviation from
desired temperature
C2
Energy Efficiency
Achieve objectives with minimal O1
energy investment
C3
Wear minimization
Minimize wear of components, O1
specifically the actuator

5.3.1.6 Use case definitions
Use case conditions
Assumptions
[Assumption; assumed relation to other systems: e.g. higher level controller sends a signal]

Prerequisites
[Triggering Event (update of control signal or disturbance ...)]
‐

5.3.1.7 General remarks
General remarks
[everything which doesn't fit in any of the other categories]
‐

5.3.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram
‐
b) UML Sequence diagram(s)
‐

5.3.3 Technical details
5.3.3.1 Actors
Actors
Group description

Grouping
Actor name

D3‐1
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Actor description

Further information specific to
this use case

A‐7

SmILES – 730936
D3.1
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

5.3.4 Step by step analysis of use case (optional)
5.3.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No. Scenario
Scenario
Primary
Triggering
Pre‐condition
Post‐
name
description
actor
event
condition

5.3.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.3.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.4 Use Case UC 4
5.4.1 Description of the use case UC4
5.4.1.1 Name of use case
ID
UC4

System configuration(s)
SC AIT

Use case identification
Name of use case
Efficient use of local energy generation for the operation of
conversion and storage appliances in hybrid thermal‐electrical
distribution system

5.4.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

14.06.2017

B. Pesendorfer

First version

Approval
status
Draft

5.4.1.3 Scope and objectives of use cases
Objective(s)

Belongs to use case
group (if applicable)

D3‐1

O1: Minimize energy flows from external or higher level electricity grid
O2: Minimize energy production of thermal plant for district heating
network
Multi‐energy management system
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Scope and objectives of use case
Scope

There is significant interest in taking advantage of the hitherto unused
synergies by coupling different energy‐carrier networks, such as district
heating and electrical distribution networks. This could increase the hosting
capability of electrical distribution networks for distributed energy resources
(DERs), while simultaneously reducing CO 2 emissions and primary energy use
of district heating systems. To fully exploit the possible synergies, an energy
management system has to supervise the efficient use of local renewable
energy resources for both electrical as well as thermal demands. This is
especially challenging for networks with industrial loads and waste heat.
This multi‐energy management system (M‐EMS) therefore manages the
power flows between the electrical and thermal distribution networks. The
two networks are coupled via power‐to‐heat technologies with additional
storages, all operated by the multi‐energy management system. The M‐EMS
receives information about the net electricity generated within the electrical
distribution network and sets the energy flows between the networks
accordingly.

5.4.1.4 Narrative of use case
Narrative of use case
Short description
This use case describes a multi‐energy management system (M‐EMS) of a hybrid thermal‐electrical
distribution network. The electrical distribution system is thereby connected to the district heating
network at one or multiple points where electricity can be converted to thermal energy via power‐to‐
heat appliances. The operational goal is to efficiently use energy generation from DERs connected to
the electrical energy distribution system. To this end, the M‐EMS operates the available power‐to‐heat
and storage appliances with the goal to directly convert or store surplus energy from DERs with respect
to future/predicted energy demands.
Complete description
The multi‐energy distribution network management system manages power‐to‐heat conversion
technologies and the electrical and thermal storage charging/discharging in a hybrid thermal‐electrical
distribution system. The objective is to coordinate among multiple DERs, power‐to‐heat devices,
thermal storages, batteries and waste heat from industry to maximize the use of local energy production
from DERs. To further outline the scope of this use case, the different energy domains and their role
within this use case are described in the following.
Electrical side:
The M‐EMS has access to advanced metering infrastructure monitoring all relevant costumers and DERs
within the electrical distribution network. Moreover it is able to control and monitor predefined
batteries and power‐to‐heat devices within the network. Based on this information it derives an optimal
operational strategy for these power‐to‐heat devices and batteries in order to fulfil the objectives.
Thermal side:
The M‐EMS has access to advanced metering infrastructure monitoring all relevant costumers and
producers within the district heating network. Furthermore it also receives data about the status of the
power‐to‐heat devices and thermal storages within the system and has full control of these appliances.
The M‐EMS also supervises the in‐feed into the district heating network from industrial waste heat.
Based on this information the M‐EMS operates the defined appliances and activates/deactivates energy
flows from the electrical to the thermal distribution network. The storage and power‐to‐heat
technologies are operated in such a way that energy is stored/converted in times of high generation
from DERs and used from storages in times of low or no generation from DERs, with respect to the
electrical and thermal demands.

D3‐1
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5.4.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives
C1
Efficient
use
of Achieve objectives with minimal O1, O2
storages and power‐ size and number of storage and
to‐heat
power‐to‐heat technologies
C2
Electrical
network Constraints applicable for the O1
stability
electrical distribution network are
met
C3
District
heating Constraints applicable for the O2
network stability
thermal distribution network are
met
C4
Wear minimization
Minimize wear of storage and O1, O2
power‐to‐heat technologies

5.4.1.6 Use case definitions
Use case conditions
Assumptions
 The M‐EMS has full access to data of energy production from DERs, status of the thermal and
electrical storages, power flow through the power‐to‐heat devices, thermal and electrical
demands in the network and weather data
 Supply of DH network is guaranteed by other means and can also be met without infeed from
power‐to‐heat or storage devices
 Electrical distribution network is connected to external grid that guarantees supply in cases
where demand is not met by local generation from DERs
Prerequisites
The M‐EMS has means to monitor all relevant devices within the network and to control the energy
producing, storing and consuming appliances.

5.4.1.7 General remarks
General remarks

5.4.2 Graphical representation(s) of use case
Graphical representation(s) of use case
UML Use case diagram

D3‐1
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5.4.3 Technical details
5.4.3.1 Actors
Actors
Group description

Grouping
System
Device

Hardware‐based device which physically implements a
technical function

Component
Application
Actor name

Actor type

Advanced
metering
infrastructure (AMI)
for
electrical
distribution

Device

Advanced
metering
infrastructure (AMI)
for district heating

Device

Multi‐energy
management
(M‐EMS)

Application
system

Electrical
storages/batteries
Power‐to‐heat
device(s)
Thermal storage(s)

D3‐1

Component
Component
Component

Software‐based application or system
Actor description
Further information
specific to this use
case
Advanced electric revenue
meter capable of two‐way com‐
munications.
Measures,
records, displays, and transmits
data such as energy usage,
generation, text messages, and
event logs to authorized
systems and provides other
advanced utility functions
Advanced thermal revenue
meter capable of two‐way
communications.
Measures,
records, displays, and transmits
data such as energy usage,
generation, text messages, and
event logs to authorized
systems and provides other
advanced utility functions
Application or system respon‐
sible for Network Operation.
It receives real‐time and
forecast data from advanced
metering infrastructure as well
as from the DSO and deter‐
mines the optimal operation
plan for defined appliances in
the electrical and thermal
distribution network.
It therefore coordinates ther‐
mal and electrical storages and
power‐to‐heat devices.
Used to store electrical energy
for a period of time.
Converts electrical energy into
thermal energy.
Used to store thermal energy
for a period of time.
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5.4.4 Step by step analysis of use case (optional)
5.4.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No. Scenario
Scenario
Primary actor Triggering
Pre‐condition
Post‐
name
description
event
condition

5.4.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.4.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.5 Use Case UC 5
5.5.1 Description of the use case UC5
5.5.1.1 Name of use case
ID
UC5

System configuration(s)
SC AIT

Use case identification
Name of use case
Grid friendly operation of conversion and storage appliances in
hybrid thermal‐electrical distribution system

5.5.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

14.06.2017

B. Pesendorfer

First version

Approval
status
Draft

5.5.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

D3‐1

There is significant interest in taking advantage of the hitherto unused
synergies by coupling different energy‐carrier networks, such as district
heating and electrical distribution networks. This could increase the
hosting capability of electrical distribution networks for distributed energy
resources (DERs), while simultaneously reducing CO 2 emissions and primary
energy use of district heating systems. To fully exploit the possible
synergies, an energy management system has to supervise the efficient use
of local renewable energy resources for both electrical as well as thermal
demands. This is especially challenging for networks with industrial loads
and waste heat.
This multi‐energy management system (M‐EMS) therefore manages the
power flows between the electrical and thermal distribution networks. The
two networks are coupled via power‐to‐heat technologies with additional
storages, all operated by the multi‐energy management system. The M‐
EMS receives information about the net electricity generated within the
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Objective(s)

Belongs to use case
group (if applicable)

electrical distribution network and sets the energy flows between the
networks accordingly.
O1: Minimize/avoid transformer overloads
O2: Minimize/avoid reverse power flows
O3: Minimize/avoid over‐ and undervoltages
O4: Minimize/avoid cable and line overloads
Multi‐energy management system

5.5.1.4 Narrative of use case
Narrative of use case
Short description
This use case describes a multi‐energy management system (M‐EMS) of a hybrid thermal‐electrical
distribution network. The electrical distribution system is thereby connected to the district heating
network at one or multiple points where electricity can be converted to thermal energy via power‐to‐
heat appliances. The operational goal is to appropriately react on different critical grid conditions to
relieve the electrical distribution network from stress caused by high infeed from DERs. To this end, the
M‐EMS operates the available power‐to‐heat and storage appliances with the goal to mitigate or
prevent critical conditions in the electrical distribution network.
Complete description
The multi‐energy distribution network management system manages power‐to‐heat conversion
technologies and the electrical and thermal storage charging/discharging in a hybrid thermal‐electrical
distribution system. The objective is to coordinate among multiple DERs, power‐to‐heat devices,
thermal storages, batteries and waste heat from industry to maximize the local use of energy generation
from DERs. To further outline the scope of this use case, the different energy domains and their role
within this use case are described in the following.
Electrical side:
The M‐EMS has access to advanced metering infrastructure monitoring all relevant costumers and DERs
within the electrical distribution network. Moreover it is able to control and monitor predefined
batteries and power‐to‐heat devices within the network. Based on this information it derives an
operational strategy for these power‐to‐heat devices and batteries that maximizes the use of local
energy generation.
Thermal side:
The M‐EMS has access to advanced metering infrastructure monitoring all relevant costumers and
producers within the district heating network. Furthermore it also receives data about the status of the
power‐to‐heat devices and thermal storages within the system and has full control of these appliances.
The M‐EMS also supervises the in‐feed into the district heating network from industrial waste heat.
Based on this information the M‐EMS operates the defined appliances and activates/deactivates energy
flows from the electrical to the thermal distribution network. The storage and power‐to‐heat
technologies are operated in such a way that energy is stored/ feed in/converted in times of low energy
prices and sold or used from storages in times of high energy prices, with respect to the electrical and
thermal demands.

5.5.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimize' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives
C1
Efficient
use
of Achieve objectives with minimal O1, O2, O3, O4
storages and power‐ size and number of storage and
to‐heat
power‐to‐heat technologies
C2
Electrical
network Constraints applicable for the O1, O2, O3, O4
stability
electrical distribution network are
met
C3
District
heating Constraints applicable for the ther‐ O1, O2, O3, O4
network stability
mal distribution network are met
C4
Wear minimization
Minimize wear of storage and O1, O2, O3, O4
power‐to‐heat technologies
D3‐1
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5.5.1.6 Use case definitions
Use case conditions
Assumptions
 The M‐EMS has full access to data of energy production from DERs, status of the thermal and
electrical storages, power flow through the power‐to‐heat devices, thermal and electrical
demands in the network, status of relevant components of the distribution networks and
weather data
 Supply of DH network is guaranteed by other means and can also be met without infeed from
power‐to‐heat or storage devices
 Electrical distribution network is connected to external grid that guarantees supply in cases
where demand is not met by local generation from DERs
Prerequisites
The M‐EMS has means to monitor all relevant devices within the network and to control the energy
producing, storing and consuming appliances.

5.5.1.7 General remarks
General remarks

5.5.2 Graphical representation(s) of use case
Graphical representation(s) of use case

5.5.3 Technical details
5.5.3.1 Actors
Grouping
System
Device
Component
Application
Business actor

D3‐1

Actors
Group description
Hardware‐based device which physically implements a
technical function
Software‐based application or system
Physical or legal Person that has his own interests,
defined as "Business Goals"
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Actor name

Actor type

Actor description

Distribution
system
operator (DSO)

Business actor

Operator
of
distribution system

Advanced
metering
infrastructure (AMI)
for
electrical
distribution

Device

Advanced
metering
infrastructure (AMI)
for district heating

Device

Multi‐energy
management
(M‐EMS)

Application

Advanced electric revenue
meter capable of two‐way
communications.
Measures,
records,
displays, and transmits
data such as energy usage,
generation, text messages,
and event logs to authori‐
zed systems and provides
other advanced utility
functions
Advanced thermal revenue
meter capable of two‐way
communications.
Measures,
records,
displays, and transmits
data such as energy usage,
generation, text messages,
and event logs to autho‐
rized systems and provides
other advanced utility
functions
Application or system re‐
sponsible for Network
Operation.
It receives real‐time and
forecast
data
from
advanced
metering
infrastructure as well as
from the DSO and deter‐
mines
the
optimal
operation plan for defined
appliances in the electrical
and thermal distribution
network.
It therefore coordinates
thermal and electrical
storages and power‐to‐
heat devices.
Used to store electrical
energy for a period of time.
Converts electrical energy
into thermal energy.
Used to store thermal
energy for a period of time.

system

Electrical
storages/batteries
Power‐to‐heat
device(s)
Thermal storage(s)

D3‐1

Component
Component
Component

the

Further information
specific to this use case
The DSO sends information
about the condition of the
distribution system and its
components to the M‐EMS
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5.5.4 Step by step analysis of use case (optional)
5.5.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No. Scenario
Scenario
Primary actor Triggering
Pre‐condition
Post‐
name
description
event
condition

5.5.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.5.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.6 Use Case UC 6
5.6.1 Description of the UC6
5.6.1.1 Name of use case
ID
UC6

System configuration(s)
SC AIT

Use case identification
Name of use case
Market oriented operation of conversion and storage appliances in
hybrid thermal‐electrical distribution system

5.6.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

14.06.2017

B. Pesendorfer

First version

Approval
status
Draft

5.6.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

Objective(s)

D3‐1

There is significant interest in taking advantage of the hitherto unused
synergies by coupling different energy‐carrier networks, such as district
heating and electrical distribution networks. This could allow for
significant savings in energy costs for both the thermal and the electrical
side. To fully exploit the possible synergies, an energy management system
has to schedule supply and demand of the coupling of the systems in a cost
optimal way. This is especially challenging for networks with industrial
loads and waste heat.
This multi‐energy management system (M‐EMS) therefore manages the
power flows between the electrical and thermal distribution networks
(including industrial plants with waste heat if applicable). The two
networks are coupled via power‐to‐heat technologies with additional
storages, all operated by the multi‐energy management system. The M‐
EMS receives information about energy market prices and sets the energy
flows between the networks accordingly.
O1: Minimize costs for electrical and thermal energy
O2: Maximize revenue from generation of DERs
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Belongs to use case group
(if applicable)

Multi‐energy management system

5.6.1.4 Narrative of use case
Narrative of use case
Short description
This use case describes a multi‐energy management system (M‐EMS) of a hybrid thermal‐electrical
distribution network. The electrical distribution system is thereby connected to the district heating
network at one or multiple points where electricity can be converted to thermal energy via power‐to‐
heat appliances. The operational goal is to minimize costs for electrical and thermal energy. To this end,
the M‐EMS derives and applies a cost optimal operational strategy for the conversion and storage
devices within the hybrid network.
Complete description
The multi‐energy distribution network management system manages power‐to‐heat conversion
technologies and the electrical and thermal storage charging/discharging in a hybrid thermal‐electrical
distribution system. The objective is to coordinate among multiple DERs, power‐to‐heat devices,
thermal storages, batteries and waste heat from industry to minimize the costs of energy consumption
and maximize the profits by selling energy from DERs. To further outline the scope of this use case, the
different energy domains and their role within this use case are described in the following.
Electrical side:
The M‐EMS has access to advanced metering infrastructure monitoring all relevant costumers and DERs
within the electrical distribution network. Moreover it is able to control and monitor predefined
batteries and power‐to‐heat devices within the network. It receives and exchanges data with the energy
market to derive a cost optimal operational strategy for these power‐to‐heat devices and batteries.
Thermal side:
The M‐EMS has access to advanced metering infrastructure monitoring all relevant costumers and
producers within the district heating network. Furthermore it also receives data about the status of the
power‐to‐heat devices and thermal storages within the system and has full control of these appliances.
In case of industrial plants connected to the distribution networks, the M‐EMS also supervises the in‐
feed from waste heat and has access to data of the industrial energy demands. The M‐EMS also
supervises the in‐feed into the district heating network from industrial waste heat.
Based on this information the M‐EMS operates the defined appliances and activates/deactivates energy
flows from the electrical to the thermal distribution network. The storage and power‐to‐heat
technologies are operated in such a way that energy is stored/converted in times of low energy prices
and sold or used from storages in times of high energy prices, with respect to the electrical and thermal
demands.

5.6.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives
C1
Efficient
use
of Achieve objectives with minimal O1, O2
storages and power‐ costs for storage and power‐to‐heat
to‐heat
technologies
C2
Electrical
network Constraints applicable for the O1, O2
stability
electrical distribution network are
met
C3
District
heating Constraints applicable for the O1
network stability
thermal distribution network are
met
C4
Wear minimization
Minimize wear of storage and O1, O2
power‐to‐heat technologies
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5.6.1.6 Use case conditions
Use case conditions
Assumptions
 The M‐EMS has full access to the status of thermal and electrical storages, power flow through
the power‐to‐heat devices and data of real‐time energy prices.
 Supply of DH network is guaranteed by other means and can also be met without infeed from
power‐to‐heat or storage devices
 Electrical distribution network is connected to external grid that guarantees supply in cases
where demand is not met by local generation from DERs
Prerequisites
The M‐EMS has means to monitor all relevant devices within the network as well as applicable energy
prices and to control the energy producing, storing and consuming appliances.

5.6.1.7 General remarks
General remarks

5.6.2 Graphical representation(s) of use case
Graphical representation(s) of use case

5.6.3 Technical details
5.6.3.1 Actors
Actors
Group description

Grouping
System
Device

Hardware‐based device which physically implements a
technical function

Component
Application
Actor name

Actor type

Energy market

System

Advanced
metering
infrastructure (AMI)
for
electrical
distribution

Device

D3‐1

Software‐based application or system
Actor description
Further information
specific to this use
case
Marketplace for energy. Provides
access to market information
such as electricity prices.
Advanced electric revenue meter
capable
of
two‐way
com‐
munications. Measures, records,
displays, and transmits data such
as energy usage, generation, text
messages, and event logs to au‐
thorized systems and provides
other advanced utility functions
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Advanced
metering
infrastructure (AMI)
for district heating

Device

Advanced thermal revenue meter
capable of two‐way communica‐
tions. Measures, records, dis‐
plays, and transmits data such as
energy usage, generation, text
messages, and event logs to
authorized systems and provides
other advanced utility functions

5.7 Use Case UC 7
5.7.1 Description of the use case UC7
5.7.1.1 Name of use case
ID
UC7

Use case identification
Name of use case
Optimization of Battery Electric Storage Systems (BESS) for
production processes

System configuration(s)
TBD

5.7.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

10/07/2017

T. Blank

First version

Approval
status
Draft

5.7.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

Objective(s)

Belongs to use case
group (if applicable)

D3‐1

Industrial production processes rely on a predictive and stable energy
supply. Setting up production processes on volatile renewable energy is a
challenge, which is seldom stressed to the limits of 100% renewable energy.
As most production processes currently are not compatible to a volatile
energy supply, lithium‐ion battery storage systems can be used to mitigate
the effects of the energy fluctuation on the production processes. Thus,
there is a high common interest in optimizing the electric energy supply by
adding huge storage systems to renewable energy sources.
The use case “Optimization of Battery Electric Storage Systems (BESS) for
production processes“ considers processes to manufacture electronic and
hybrid electronic systems. The processes are meant to be powered by elec‐
trical energy from solar panels (or generators operated with a solar profile)
and from medium sized lithium‐ion batteries up to a capacity of 70 kWh.
The stakeholders are the shop floor personal running the production as well
as the management, setting the aims for the short and long term
production. Multiple smart meters and sensors are monitoring the
machinery, processes and the stored and generated energy. The data is
aggregated and centrally evaluated by a PC, which controls the overall
processes.
O1: Identification of the optimization parameters of Li‐Ion storage systems
for a given electronic production plant (according to system configuration
SC1‐IPE), a given battery and production process
O2: Understanding the communication and power controller infrastructure
needs for the integration of real‐time controllable BESS in production
plants according to SC1‐IPE
Electrical Energy Storage
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5.7.1.4 Narrative of use case
Narrative of use case
Short description
The aim is aim to optimize lithium‐ion battery storage systems for industrial production processes is
based on controller technology, which can modify production and battery charging schedule. The opti‐
mization is based on the data of the generated regenerative power, the stored energy and the current
energy profile of the production. By means of use case KIT‐UC7 various parameters can be adopted to
modify, investigate and improve the power flow between the production processes (load) and the power
generation and storage devices. Next to detailed information on the load, the properties of the storage
system as well as weather and generator data have to be accurately gathered, evaluated and controlled.
Complete description
Electrical systems with a large amount of renewable energy are subject to fluctuations in energy gene‐
ration on multiple time scales. Production plants and processes, however, are significantly depending
on a stable and predictable power supply. Short‐term instabilities from seconds to hours can be buffered
by lithium‐ion battery systems as well as production schemes adoptable to the available energy.
The system configuration SC1‐IPE will be used to understand the power needs of the electronic
production plant and its various processes. The purpose of the use case KIT_IPE 7 is on the one hand to
derive optimization criteria for the BESS and on the other hand to develop operational strategies for
the production under limited power generation and storage capacities. Hence, the production processes
will have to be classified into various groups like long or short running processes, high or low energy
processes, high and low power processes, harmlessly interruptible processes, urgent processes (due to
customer request or other strategic issues). Based on the classification, control algorithms and adaptive
cost functions will be derived to optimize the production flow and processes.
All data of the production machinery and the overall power consumption of the production plant is
centrally collected by a data base system. The smart meters transfer the power data via a ModBus link
to a custom PC. The PC runs a LabView program transforming the data in the appropriate data base
format and sends it via a TCP/IP link to the database.
The production processes aim for a hybrid thick‐film power module and include high temperature sin‐
tering processes to manufacture copper thick‐film substrates, pick’n place and low temperature silver
sinter die attach processes, thick aluminum wire bonding as well as soldering and automatic optical
inspection processes.
The control algorithms to optimize the plant operation uses data of the generated power (solar
plant/profile), the power consumption data of the machinery and processes, battery data like power,
capacity and stored energy, weather forecast data. By optimizing the plant operation, the optimal BESS
topology with respect to storage capacity and power will be derived. Additionally, technologies to
control the power flow between the generator, the BESS and the production assets can be validated and
optimized. Thus, the plant and the processes will be operational under real‐time power distribution.

Network Layout
The readout is integrated into the network via dedicated routers.
They are providing the port forwarding to the smart‐meters and
easily split the all infrastructure in separate branches.

D3‐1

A‐20

SmILES – 730936
D3.1
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

Hardware
Each smart meter bank consist of EEM‐MA600 energy meter from
Phoenix Contact and current transformers

Data Logging
The data logging organized in a MS‐SQL platform as an
autoexecutable application in the separate account. The
application program has three main branches:
 A data readout from each smart meters using ModbusTCP
interface
 A queue‐based writing data with corresponding time‐stamps
into the data base stack
 Storing all data from the stack using dot net technology.
This technic provides a lossless, reliable collecting of data. Stored
database is replicated in a public database server, which is
connected with the “ADEI” (Advanced Data Extraction
Infrastructure) software tool (programmed by IPE). ADEI is used
in numerous experiments allowing many terminals to have a full
overview of multi‐channel data within different time frames.
The system is running in full automatic logging mode, needs
neither control nor GUI. In case of network or power black outs
the system is recovering itself.

5.7.1.5 Optimality criteria
Optimality Criteria
Description

ID

Name

OC1

Optimal
power
profile of battery

OC2

Optimal capacity of
battery

OC3

Optimal
operation
layout

plant
and

Optimize the battery system to
provide the required power for the
production process
Optimize the BESS to provide the
required energy for the selected
production process
Critical
processes
must
be
terminable without corrupting the
products

Reference to mentioned use
case objectives
O1

O1

O1, O2

5.7.1.6 Use case definitions
Use case conditions
Assumptions
 Data of the machinery, the processes, the battery and the generation are available in real time
 Accurate weather forecast is available
 Data base is running and accessible in real‐time
 Control devices are installed and accessible
Prerequisites
‐

5.7.1.7 General remarks
General remarks
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5.7.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
uc KIT‐UC7_BESS‐Opt
uc KIT_ACT‐Other

uc KIT‐ACT‐BESS

«actor»
Li‐Bess1 14 kWh

«actor»
Li‐Bess2 19kWh

«actor»
Li‐Bess3 19 kWh

uc Machinery/Processes

«actor»
Inverter/Charger

«actor»
Weather forecast

«actor»
E5 STS

«actor»
EVO 2200

«actor»
MP50‐1‐VK

«actor»
PEO 604

«actor»
Paraquda 4

«actor»
SMT XXS

«actor»
AOI S2088‐II

uc KIT‐ACT‐Generators

«actor»
Grid Supply

«actor»
Solar Plant/Generator

KIT‐IPE‐Production Plant

KIT‐UC1‐Battery
Optimization
uc KIT_ACT‐Operators

Hybrid Operator

The System Boundary shows the
logical/physical interface between
users and the system being described.

SMD Operator

5.7.3 Technical details
5.7.3.1 Actors
Grouping
KIT‐ACT‐Generators
KIT‐ACT‐BESS
KIT‐ACT‐Machinery
KIT‐ACT‐Other
KIT‐ACT‐Operators
Actor name

Li‐Bess1 14 kWh
Li‐Bess2 19 kWh
Li‐Bess3 19 kWh
Solar Plant/Generator
Grid Supply
AOI S2088‐II
EVO 2200
Paraquda 4
MP50_1_VK
PEO 604
SMT XXS
Inverter/Charger
SMD Operator
Hybrid Operator
Weather forecast

D3‐1

Actors
Group description
Groups all power generating devices
Groups all lithium‐ion storage systems
Groups all production machines
Groups other actors
Groups the operators performing the production
processes
Actor type
Actor description
Further
information
specific to this
use case
Energy storage
LiTec, 96S1P, 40Ah
Energy storage
Litarion, 120S1P, 45Ah
Energy storage
Litarion, 120S1P, 45Ah
Energy generation
Tbd.
Energy generation
3x400V, 400 A
Machinery/Process
Automatic optical inspection
Machinery/Process
Flip‐chip die bonder
Machinery/Process
SMD pick and place machine
Machinery/Process
Heated PCB lamination press
Machinery/Process
High temperature sinter oven
Machinery/Process
Reflow soldering oven
Energy Flow Control Tbd.
Device
Human
Human
Data generation
Data aggregator extracting
radiation data from weather
forecast data
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5.7.4 Step by step analysis of use case (optional)
5.7.4.1 Overview of use case scenarios
No.

Scenario
name
High Power
Generation

Scenario
description
Production is
running fully,
the solar
panel deliver
high power

Scen2

Low Power
Generation

Production is
running fully,
the solar
panel deliver
low power

Scen3

Low Power
Generation

Production is
running fully,
the solar
panel deliver
low power

Scen1

Scenario conditions
Primary
Triggering
actor
event
Hybrid
Start of
process
production
operator
(SoP)
SMD
process
operator
Hybrid
Start of
process
production
operator
(SoP)
SMD
process
operator
Hybrid
Start of
process
production
operator
(SoP)
SMD
process
operator

Pre‐condition
Battery fully
charged

Post‐
condition
Production
completely
finished

Battery fully
charged

Production
completely
finished

Battery partly
charged

Production
partly
finished

5.7.4.2 Steps – Scenarios
Scenario
Scen 1
Descrip‐
Service
Informa‐
tion of
tion
process/
producer
activity
(actor)
Start
of All assem‐
All actors
produc‐
bly proces‐
tion
ses
sequentia‐
lly started
End
of Assembly
All actors
produc‐
process
tion
successful‐
ly finished

Scenario name :
Step
Event
Name of
No.
process/
activity
1

SoP

2

EoP

D3‐1

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

All
actors
except Grid
supply and
weather
forecast
All actors ex‐
cept
Grid
supply and
weather
forecast
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Scenario
Scen 2
Descrip‐
Service
Informa‐
tion of
tion
process/
producer
activity
(actor)
Start
of All assem‐
All actors
produc‐
bly proces‐
tion
ses
se‐
quentially
started
End
of Assembly
All actors
Produc‐
process
tion
success‐
fully
finished

Scenario name :
Step
Event
Name of
No.
process/
activity
1

SoP

2

EoP

Scenario
Scen 3
Descrip‐
Service
Informa‐
tion of
tion
process/
producer
activity
(actor)
Start
of All assem‐
All actors
produc‐
bly proces‐
tion
ses
se‐
quentially
started
End
of Assembly
All actors
produc‐
process
tion
success‐
fully
finished

Scenario name :
Step
Event
Name of
No.
process/
activity
1

SoP

2

EoP

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

All
actors
except Grid
supply and
weather
forecast
All
actors
except Grid
supply and
weather
forecast

Information
receiver
(actor)
All
actors
except Grid
supply and
weather
forecast
All
actors
except Grid
supply and
weather
forecast

5.7.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.8 Use Case UC 8
5.8.1 Description of the use case UC8
5.8.1.1 Name of use case
ID
UC8

System configuration(s)
TBD

Use case identification
Name of use case
BESS for electrical peak shaving in production scenarios

5.8.1.2 Version management
Version
No.
1.0

D3‐1

Date

Version management
Author(s)
Changes

12/07/2017

T. Blank

First version

Approval
status
Draft
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5.8.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

Objective(s)

Belongs to use case
group (if applicable)

Industrial production processes rely on a predictive and stable energy
supply. The future grid will have to handle a much higher content of
renewable energy, thus, its stability will degrade. Setting up production
processes on volatile local renewable energy supported by a grid with
stability limitations is a challenge, especially for high power production
processes, which deteriorate the stability of the grid even further. Lithium‐
ion battery storage systems can be used to mitigate the effects of high
power transients in the production processes.
The use case “Battery Electric Storage Systems (BESS) for electrical peak
shaving in production scenarios“ considers processes to manufacture
electronic and hybrid electronic systems. The processes are meant to be
powered by electrical energy from solar panels (or generators operated
with a solar profile) and from medium sized lithium‐ion batteries up to a
capacity of 70 kWh. The stakeholders are the shop floor personal running
the production as well as the management, setting the aims for the short
and long term production. Multiple smart meters and sensors are
monitoring the machinery, processes and the stored and generated energy
as well as the grid power. The data is aggregated and centrally evaluated
by a PC controlling the overall processes.
O1: Determination of the characteristic power profiles of production
processes, grid connection and the grid stability without a BESS.
O2: Determination of the interaction between production processes and
the grid stability with BESS.
Electrical Energy Storage

5.8.1.4 Narrative of use case
Narrative of use case
Short description
KIT‐UC8 aims for the mitigation of the high power transients or loads inducted by production processes
on grids with a limited stability due to a high amount of renewable energy.
Complete description
Electrical systems with a large amount of renewable energy are subject to fluctuations in energy
generation on multiple time scales. Production plants and processes, however, are significantly
depending on a stable and predictable power supply. High short‐term loads can cause instabilities,
which feed back to the grid. High production power demand can be buffered by appropriate lithium‐ion
battery systems.
KIT‐UC8 and system configuration SC1‐IPE (production plant) will be used to improve the knowledge of
the interaction between high power production processes, the grid and battery storage systems to
mitigate grid stability issues. However, the electrical parameters of a grid with a high amount of
renewable energy as well as the dynamic load profiles of production processes might vary and strongly.
The specific configuration significantly determines the parameters of a suitable BESS system for shaving
electrical peaks during the production. KIT‐UC8 will investigate:





The characteristics of the dynamic load profiles for production processes to manufacture
electronic system components.
The characteristics of the grid connection to the production plant according to KIT‐SC1.
The power quality of the plant’s grid connection with and without BESS

D3‐1
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5.8.1.5 Optimality criteria
Optimality Criteria
Description

ID

Name

OC1

Minimize the inter‐
ference of the pro‐
duction process to
the grid connection

Optimize the battery system to
minimize the effects of high power
production steps on the grid.

Reference to mentioned use
case objectives
O1, O2

5.8.1.6 Use case definitions
Use case conditions
Assumptions
 Data of the machinery, the processes, the battery and the generation are available in real time
 Data base is running and accessible in real‐time
 Control devices are installed and accessible
 No local solar Power available
 Battery fully charged
 Battery at room temperature
Prerequisites
‐

5.8.1.7 General remarks
General remarks

5.8.2 Graphical representation(s) of use case
Graphical representation(s) of use case
uc KIT‐UC8_BESS‐Peak
uc Machinery/Processes

uc KIT‐ACT‐BESS

«actor»
Li‐Bess1 14 kWh

«actor»
Li‐Bess2 19kWh

«actor»
E5 STS

«actor»
Li‐Bess3 19 kWh

«actor»
EVO 2200

«actor»
MP50‐1‐VK

«actor»
PEO 604

«actor»
Paraquda 4

«actor»
SMT XXS

«actor»
AOI S2088‐II

KIT‐IPE Production Plant

«actor»
Inverter/Charger

«actor»
Grid Supply

BESS for Peak Shaving for
Production Processes

uc KIT_ACT‐Operators

Hybrid Operator

SMD Operator

5.8.3 Technical details
5.8.3.1 Actors
Grouping
KIT‐ACT‐BESS
KIT‐ACT‐Machinery
KIT‐ACT‐Operators

D3‐1

Actors
Group description
Groups all lithium‐ion storage systems
Groups all production machines
Groups the operators performing the production
processes
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Actor name

Actor type

Actor description

Li‐Bess1 14 kWh
Li‐Bess2 19 kWh
Li‐Bess3 19 kWh
Grid Supply
AOI S2088‐II
EVO 2200
Paraquda 4
MP50_1_VK
PEO 604
SMT XXS
Inverter/Charger

Energy storage
Energy storage
Energy storage
Energy generation
Machinery/Process
Machinery/Process
Machinery/Process
Machinery/Process
Machinery/Process
Machinery/Process
Energy Flow Control
Device
Human
Human

LiTec, 96S1P, 40Ah
Litarion, 120S1P, 45Ah
Litarion, 120S1P, 45Ah
3x400V, 400 A
Automatic optical inspection
Flip‐chip die bonder
SMD pick and place machine
Heated PCB lamination press
High temperature sinter oven
Reflow soldering oven
Tbd.

SMD Operator
Hybrid Operator

Further information
specific to this use
case

5.8.4 Step by step analysis of use case (optional)
5.8.4.1 Overview of use case scenarios
No.
Scen1

Scenario
name
High Power
Load

Scenario conditions
Scenario
Primary
Triggering
description
actor
event
High power pro‐ Hybrid and
Start of
duction process
SMD process production
running
operators
(SoP)

Pre‐
condition
Battery
fully
charged

Post‐condition
High power pro‐
duction step com‐
pletely finished

5.8.4.2 Steps ‐ Scenarios
Scenario name :
Step
Event
Name of
No.
process/
activity
1

SoHPPS Start of high
power produc‐
tion step

2

EoHPPS End of high
power
pro‐
duction step

Scenario
Scen 1
Description Servi Informa‐
of process/ ce
tion pro‐
activity
ducer
(actor)
Process run‐
All actors
ning, just be‐
fore
high
power step
Process run‐
All actors
ning,
high
power step
finished

Information Informa‐
receiver
tion ex‐
(actor)
changed
(IDs)
All actors

Require‐
ments
R‐ID

All actors

5.8.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.9 Use Case UC9
5.9.1 Description of the use case UC9
5.9.1.1 Name of use case
ID
UC9

D3‐1

System configuration(s)
TBD

Use case identification
Name of use case
µCHP and BESS in production scenarios
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5.9.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

12/07/2017

T. Blank

First version

Approval
status
Draft

5.9.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

Objective(s)

Belongs to use case
group (if applicable)

Industrial production processes rely on a predictive and stable energy
supply. The future grid will have to handle a much higher content of
renewable energy, thus, its stability will degrade. Setting up production
processes on volatile local renewable energy supported by a grid with
stability limitations is a challenge, especially for high power production
processes, which deteriorate the stability of the grid even further. Lithium‐
ion battery storage systems can be used to mitigate the effects of high
power transients in the production processes.
The use case “Battery Electric Storage Systems (BESS) for electrical peak
shaving in production scenarios“ considers processes to manufacture
electronic and hybrid electronic systems. The processes are meant to be
powered by electrical energy from solar panels (or generators operated
with a solar profile) and from medium sized lithium‐ion batteries up to a
capacity of 70 kWh as well as a micro combined heat‐power plant (µCHP)
to support energy production during mid‐European winter periods with a
low generation of solar power and low temperatures. The stakeholders are
the shop floor personal running the production as well as the management,
setting the aims for the short and long term production. Multiple smart
meters and sensors are monitoring the machinery, processes and the
stored and generated energy as well as the grid power. The data is aggre‐
gated and centrally evaluated by a PC controlling the overall processes.
O1: Understand the behavior of IPE’s production plant supported by a µCHP
generator.
O2: Optimize the generator and BESS characteristics for optimized
production processes.
Electrical Energy Storage

5.9.1.4 Narrative of use case
Narrative of use case
Short description
KIT‐UC9 aims to optimize the energy supply of the production plant by adding a µCHP generator.
Especially in middle regions of Europe, where during the winter months prolonged phases of low sun
radiation, low wind and low temperatures can occur, the generated and stored power to keep the
production running might not be sufficient. KIT‐UC9 investigates the characteristics of the production
plant if a µCHP is added as a continuous generator of electrical power and heat.
Complete description
Electrical systems with a large amount of renewable energy are subject to fluctuations in energy
generation on multiple time scales. Production plants and processes, however, are significantly
depending on a stable and predictable power supply. Especially, during prolonged phases of low
radiation, low wind power and low temperature the integration of µCHP with a high conversion
efficiency from gas to electrical energy might help to stabilize both, long term heat and power supply
of the production site.
Long term periods characterized by a low regenerative power and heat generation will stop the plant
operation. A BESS might be too big to compensate for the lack of energy generation by the renewable
generators. Hence, a µCHP, preferably fuel cell technology, shall be added to the plant and its
interaction with the production evaluated. Two scenarios will be investigated:
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Scen1: One shift production (from 08.00h – 16.00h)
Scen2: Three shift production (00.00h‐24.00h)
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5.9.1.5 Optimality criteria
Optimality Criteria
Description

ID

Name

OC1

Optimum µCHP

Optimize
the
plant
power
generation components and the
BESS by adding a µCHP.

Reference to mentioned use
case objectives
O1, O2

5.9.1.6 Use case definitions
Use case conditions
Assumptions
 Data of the machinery, the processes, the battery and the generation are available in real time
 Data base is running and accessible in real‐time
 Control devices are installed and accessible
 Cloudy day , only local solar Power available
 Battery at room temperature
 Cold outdoor conditions ( ‐5 °C to +5 °C)
Prerequisites
‐

5.9.1.7 General remarks
General remarks

5.9.2 Graphical representation(s) of use case
Graphical representation(s) of use case
uc KIT‐UC9_BESS_µCHP
uc Machinery/Processes

uc KIT‐ACT‐BESS

«actor»
Li‐Bess1 14 kWh

«actor»
Li‐Bess2 19kWh

«actor»
Inverter/Charger

«actor»
E5 STS

«actor»
Li‐Bess3 19 kWh

«actor»
EVO 2200

«actor»
MP50‐1‐VK

«actor»
PEO 604

«actor»
Paraquda 4

«actor»
SMT XXS

«actor»
AOI S2088‐II

KIT‐IPE Production Plant
Energy supply

«actor»
Solar Plant/Generator_child

tags

«actor»
Grid Supply
HEAT

«actor»
µCHP

µCHP and BESS supply
energy for Production
Processes

ID = 1
notes
During prolonged low power periods the production
plant is meant to run from a µCHP and a BESS,
supported by the remaining solar power.

uc KIT_ACT‐Operators

Hybrid Operator

SMD Operator

5.9.3 Technical details
5.9.3.1 Actors
Grouping
KIT‐ACT‐BESS
KIT‐ACT‐Machinery
KIT‐ACT‐Operators

D3‐1

Actors
Group description
Groups all lithium‐ion storage systems
Groups all production machines
Groups the operators performing the production
processes

A‐29

SmILES – 730936
D3.1
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

Actor name

Actor type

Actor description

Li‐Bess1 14 kWh
Li‐Bess2 19 kWh
Li‐Bess3 19 kWh
Grid Supply
µCHP
Solar plant/Generator
AOI S2088‐II
EVO 2200
Paraquda 4
MP50_1_VK
PEO 604
SMT XXS
Inverter/Charger

Energy storage
Energy storage
Energy storage
Energy generation
Energy generation
Energy generation
Machinery/Process
Machinery/Process
Machinery/Process
Machinery/Process
Machinery/Process
Machinery/Process
Energy Flow Control
Device
Human
Human

LiTec, 96S1P, 40Ah
Litarion, 120S1P, 45Ah
Litarion, 120S1P, 45Ah
3x400V, 400 A
tbd
tbd
Automatic optical inspection
Flip‐chip die bonder
SMD pick and place machine
Heated PCB lamination press
High temperature sinter oven
Reflow soldering oven
tbd

SMD Operator
Hybrid Operator

Further
information
specific to this
use case

5.9.4 Step by step analysis of use case (optional)
5.9.4.1 Overview of use case scenarios
No.
Scen1

Scen2

Scenario
name
One‐shift
operation

Three‐shift
operation

Scenario conditions
Scenario
Primary
Triggering
description
actor
event
One‐shift opera‐ Hybrid and Start
of
tion
from SMD
production
08.00h‐16.00h,
process
(SoP)
low outside tem‐ operators
peratures, clou‐
dy winter day
Three‐shift
Hybrid and Start
of
operation from SMD
production
00.00h‐24.00h,
process
(SoP)
low outside tem‐ operators
peratures, clou‐
dy winter day

Pre‐condition
Battery
charged

fully

Battery
charged

fully

Post‐
condition
High power
production
step
completely
finished
High power
production
step
completely
finished

5.9.4.2 Steps – Scenarios
Scenario
Scen1 & Scen2
Descrip‐
Service
Informa‐
tion of
tion
process/
producer
activity
(actor)
Start
of Process
All actors
produc‐
running
tion
End
of Process
All actors
produc‐
running
tion

Scenario name :
Step
Event
Name of
No.
process/
activity

Information
receiver
(actor)

1

SoP

All actors

2

EoP

D3‐1

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

All actors
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5.9.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.10 Use Case UC11
5.10.1 Description of the use case UC11
5.10.1.1 Name of use case
ID
UC11

System configuration(s)
SC Office Buildings 445
and 449 at KIT

Use case identification
Name of use case
Minimize heating, cooling and electrical energy consumption via
Model Predictive Control

5.10.1.2 Version management
Version
No.

Date

Version management
Author(s)
Changes

19/06/2017
05/07/2017

A. Engelmann
A. Engelmann

Added MPC building Use Case
Added electrical storage

Approval
status
Draft
Draft

5.10.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

Objective(s)

Belongs to use case
group (if applicable)

To meet the goal of reducing energy consumption of buildings (and thereby
CO 2 emissions), advanced control schemes can be used to lower the energy
consumption of buildings. Thereby the incorporation of weather forecasts,
advanced building models and the active use of heat/cold storages should
lower the consumption of limited resources. Another aim is to reduce the
needed amount of grid expansion at campus and the volatility in the grid.
We try to achieve this by a combination of load shifting and the use of an
electrical storage (peak shaving).
[What? System under discussion, main functions, main actors]
The considered building is equipped with a weather station and partial
measurements of incoming heat of a distinct heating system. Whether or
not we get active control access to the heating system heating system has
to be clarified. Control variables could be the temperature of a heat
storage, temperatures of the concrete core activation system, control of
windows and the room temperature itself within certain bounds. An
electrical storage is currently in planning.
O1: Minimize energy consumption satisfying temperature bounds in the
building
O2: Minimize fluctuation in building energy consumption
O3: Minimize fluctuation in electrical energy consumption by means of the
electrical storage (peak shaving)
Building Energy Management

5.10.1.4 Narrative of use case
Narrative of use case
Short description
The occupants of the rooms have to agree on temperature limits of the building, such that they can be
used as heat storages. One possible control scheme would be Model Predictive Control (MPC). The MPC
controller incorporates a state space model of the building and calculates based on the available
measurements an optimal control signal. An extension would be, to incorporate weather predictions in
the decision. Based on that, the controller calculates optimal control inputs for the heating system, the
cooling system and the concrete core activation minimizing the consumed energy of the building. The

D3‐1

A‐31

SmILES – 730936
D3.1
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

coupling between electrical consumption and heat consumption can be optimized simultaneously by
using the heating/cooling system and the electrical storage.
Complete description
 If devices with binary decision variables (e.g. window openings) should be included, mixed‐
integer MPC has to be used what can be challenging.
 The measurements are based on a building automation system, which collects the available
measurements centrally. Furthermore, aggregated measurements for the electrical energy
consumption are available. They can also be used to estimate the heat emission of electronic
devices like personal computers and the lightning system.
 Aggregated heat flows into the radiators, into the warm water storage and air flows from the
concrete core activation can be used as control variables.
 Actually, there are no control‐adequate models of the considered buildings available yet. Since
the building model is crucial for a good control performance, an adequate modelling of the
building is needed. There are different possibilities to obtain a state space model for the MPC
controller. One way is to model the building components individually and aggregate the model
components to a big model. Since this is in general costly we want to investigate a different
approach. In that approach we assume a model structure and identify the free parameters by
available measurement time series. The needed model order is here of particular interest.
 An electrical storage with a capacity of around 20kWh is currently being planned. It should be
used to minimize the fluctuation in the electrical energy consumption.

5.10.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to
mentioned use case
objectives
C1
Maximize efficiency Minimize the energy consumption of the O1
building in terms of the heating/cooling system.
C2
Minimize fluctuation Minimize the fluctuation in energy consumption O2
to relieve the distinct heating system.
C3
Minimize electrical Minimize the fluctuation in electrical energy O3
fluctuation
consumption to relieve the campus grid.

5.10.1.6 Use case definitions
Use case conditions
Assumptions
 The required measurement values are available in real‐time.
 Control access to the heating/cooling system.
 Accurate weather predictions are available.
 The parameters of the building are available.
 The electrical storage will be installed right in time.
Prerequisites
The required sampling period depends on the time constants of the system dynamics and the required
control performance. A rough estimate of one recalculation per minute is reasonable from our point of
view. In case of the electrical storage the time constants are much smaller, i.e. peak shaving can be
performed in time scales up to one second.

5.10.1.7 General remarks
General remarks
Whether or not we get control access to the devices must be clarified.
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5.10.2 Graphical representation(s) of use case
Graphical representation(s) of use case
a) Model Predictive Control

(Reference: Hysteresis modelling and displacement control of piezoelectric actuators with the
frequency‐dependent behaviour using a generalized Bouc–Wen model Wei Zhu and Xiao‐Ting Rui 2016
Precision Engineering 43 299)

5.10.3 Technical details
5.10.3.1 Actors
Actors
Group description

Grouping
Actor name

Actor type

Actor description

Occupants

Human

Predictive
controller

System

Occupants of the
temperature
con‐
trolled rooms
The system controll‐
ling the temperatures
of the building

Further information specific to
this use case
The
occupants
specify
the
maximum/minimum temperature
of the building.
There is a centralized controller
which controls all temperatures
and heat flows simultaneously.

5.10.4 Step by step analysis of use case (optional)
5.10.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No. Scenario
Scenario
Primary
Triggering event
Pre‐
Post‐condition
name
description
actor
condition
1
Minimize
Heat flows, Available
Controller has
energy
air flows,
measurements
recalculated
consumption
window
regarding the
controller res‐
positions
heating/cooling,
ponse based
weather forecast
on new input
2
Minimize
Heat flows, Available
Controller has
fluctuation in
air flows,
measurements
recalculated
energy
window
regarding the
controller re‐
consumption
positions
heating/cooling,
sponse based
weather forecast
on new input
3
Minimize
Electrical
Available
Controller has
fluctuation in
storage
measurements
recalculated
electrical
regarding the
controller re‐
energy
electricity
sponse based
consumption
consumption
on new input

D3‐1
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5.10.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Scen1
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.10.5 Common Terms and Definitions
Term
Model
(MPC)

Predictive

Common terms and definitions
Definition
An MPC controller controls the system by repeatedly applying an
optimal control scheme to the system. By doing so, one get optimal
control inputs in the sense of a specified criterion. Predictions can be
incorporated in the control scheme.

Control

5.11 Use Case UC 12
5.11.1 Description of the use case UC12
5.11.1.1 Name of use case
ID
UC12

System configuration(s)
[List of system configu‐
rations which this UC
can be applied to]

Use case identification
Name of use case
Collective self‐supply with self‐sufficiency objectives

5.11.1.2 Version management
Version
No.
1.0

Date
05/07/2017

Version management
Author(s)
Changes
TA. Nguyen
D. Fehrenbach

Approval
status
Work
progress

in

5.11.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

D3‐1

The energy challenges have become topics of increased attention and
debates in the society: decline of fossil resources, rise of awareness
regarding the environmental impact and demand for improved security of
supply. The supply of energy from local resources is a promising element
of response to the issues at stake. Amongst others, the energy harvesting
and distribution at district scale (in particular from renewable and waste)
could lower the CO 2 ‐eq impact and the losses in the networks.
This use case studies the potential of local energy supply with a centralized
management of the distributed energy resources and the scattered energy
infrastructures (power‐to‐heat, storage). Such an interconnected system
enables synergies and optimal conversion between energy carriers
(electrical and thermal). Consumers in the district have independent
profiles of energy demand to be met. Pooling the uses enhances the
exchanges and the collective energy balances, thus potentially increasing
the share of the energy supply locally produced. The objective is to work
towards a local energy network more self‐sufficient.
The system under discussion includes: the local (renewable and waste)
energy resources, the exogenous energy resources (always available), the
equipment for energy conversion and energy storage, and the networks
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Objective(s)

Belongs to use case
group (if applicable)

for energy distribution. The use case studies the articulation of the
system’s elements but does not focus on the ICT domain (centralized
device for energy management, control panel and user interface to
operators, control signals etc.).
O1: Maximize the energy supply from local resources (renewable and
waste) with a centralized use and management of the energy
infrastructures.
District Energy Management

5.11.1.4 Narrative of use case
Narrative of use case
Short description
The local consumers have their own independent profiles of energy demand (electrical, heating and
cooling). The centralized energy operator orients the energy flows from the different energy resources
and through the equipment to meet the demands. All resources and equipment are controlled as a
whole to optimize the collective energy management.
Complete description
The demand profiles should be met within a band of acceptable energy gap.
 The management of the equipment have to comply with the technical constraints (maximum
number of on/off cycles, minimum load etc.)
 The economics of the systems will be investigated

5.11.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives
C1
Energy met
Minimize magnitude and duration of O1
deviation between energy demand
and energy distributed
C2
Primary
Energy Achieve objectives with minimal O1
Efficiency
primary energy use
C3
Economical optimum Minimize costs
O1

5.11.1.6 Use case definitions
Use case conditions
Assumptions
 All the elements of the system (e. g. heat exchangers, pumps, boilers etc.) can be operated with
the decisions coming from a centralized centre
 The system and consumers are treated as one entity (as opposed to for ex. agent‐based
modelling approaches)
Prerequisites
Depends on SC

5.11.1.7 General remarks
General remarks
‐

D3‐1
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5.11.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram

b) UML Sequence diagram(s)

5.11.3 Technical details
5.11.3.1 Actors
Actors
Group description

Grouping
Actor name

Actor type

Actor description

Occupant
Energy carriers

Human
Energy flows

Equipments

System

Occupants of the district
Carrier for electricity, heating
and cooling
The technical equipment to
convert the energy from one
form to the other. Equipment to
store that energy.

D3‐1

Further information
specific to this use
case
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5.11.4 Step by step analysis of use case (optional)
5.11.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No.
Scenario
Scenario
Primary
Triggering
Pre‐condition
Post‐
name
description
actor
event
condition
1

5.11.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.11.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.12 Use Case UC 13
5.12.1 Description of the use case UC13
5.12.1.1 Name of use case
ID
UC13

System configuration(s)
[List of system con‐
figurations which this
UC can be applied to]

Use case identification
Name of use case
Heat peak shaving with a collective energy management system

5.12.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

05/07/2017

TA. Nguyen

First version

Approval
status
Work
progress

in

5.12.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

D3‐1

District heating networks are dimensioned to cover the peak of the
aggregated thermal load. Historic district heating networks with a central
in‐feed (e. g. from a central gas boiler) thus operate on regular basis at
(inefficient) partial loads.
The deployment of distributed multi‐energy infrastructures (local in‐feeds,
power‐to‐heat, storage etc.) constitutes a solution to smooth the
aggregated thermal load profile and spread the thermal production
between the periods of high and low heat demand. The subsequent better
dimensioning of the heating network offers the benefits of a better
operational efficiency and lower investment costs.
A centralized energy management system is necessary to optimize the
orchestration and the interactions between the energy carriers in place. In
particular, it enables to balance the unequal spatial distribution of the
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Objective(s)
Belongs to use case group
(if applicable)

distributed energy resources (geothermal, solar thermal etc.), the power‐
to‐heat and storage systems, and the end‐users consumption.
This use case studies the optimal centralized energy management between
local multi‐energy infrastructures to perform heat‐peak shaving.
O1: Heat peak shaving for a better infrastructure design
District Energy Management

5.12.1.4 Narrative of use case
Narrative of use case
Short description

Complete description
‐

5.12.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives

5.12.1.6 Use case definitions
Use case conditions
Assumptions
[Assumption; assumed relation to other systems: e.g. higher level controller sends a signal]

Prerequisites
[Triggering Event (update of control signal or disturbance ...)]

5.12.1.7 General remarks
General remarks
[everything which doesn't fit in any of the other categories]
…

5.12.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram
‐
b) UML Sequence diagram(s)
‐

5.12.3 Technical details
5.12.3.1 Actors
Actors
Group description

Grouping
Actor name

D3‐1

Actor type

Actor description

Further information
specific to this use
case
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5.12.4 Step by step analysis of use case (optional)
5.12.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No.
Scenario
Scenario
Primary
Triggering
Pre‐condition
Post‐
name
description
actor
event
condition
1

5.12.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.12.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.13 Use Case UC 14
5.13.1 Description of the use case UC14
5.13.1.1 Name of use case
ID
UC14

System configuration(s)
[List of system con‐
figurations which this
UC can be applied to]

Use case identification
Name of use case
Optimal design of local energy infrastructure (storage, district
networks, power‐to‐heat) in urban planning.

5.13.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

05/07/2017

TA. Nguyen

First version

Approval
status
Work
progress

in

5.13.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

D3‐1

Urban transformations set the opportunity for developments of energy
infrastructures more respectful of the environment, within socially‐ and
economically‐ accepted boundaries. In this context, the development of
district multi‐energy systems offer a wide range of benefits. The
connection of locally dispersed sources and sinks of energy and the
consequent balancing of loads and productions can lead to a better
management of the energy flows: lower installed capacities, higher energy
efficiencies, recovery of waste heat, better integration of local resources
and more flexibility.
The design of the local multi‐energy infrastructure (selection of the energy
carriers, sizing of the production and storage capacities etc.) and its
operation (arbitrage of imports, local generation, exports and storage etc.)
has a crucial impact on the final economical, environmental and social
performances.
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This use case optimizes the design of local energy systems with a multi‐
objective approach (exergy, energy, environmental, economical etc.)
O1: Optimize joint local energy infrastructures
District Energy System Planning

Objective(s)
Belongs to use case
group (if applicable)

5.13.1.4 Narrative of use case
Narrative of use case
Short description
‐
Complete description
‐

5.13.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives

5.13.1.6 Use case definitions
Use case conditions
Assumptions
[‐
Prerequisites
‐

5.13.1.7 General remarks
General remarks
‐

5.13.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram
‐
b) UML Sequence diagram(s)
‐

5.13.3 Technical details
5.13.3.1 Actors
Grouping
‐
Actor name

Actor type

Actors
Group description
‐
Actor description

‐

‐

‐

Further information
specific to this use
case
‐

5.13.4 Step by step analysis of use case (optional)
5.13.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No.
Scenario
Scenario
Primary
Triggering
Pre‐condition
Post‐
name
description
actor
event
condition
‐
‐
‐
‐
‐
‐
‐

5.13.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
D3‐1
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Scenario
Scenario name :
Step
Event
Name of
No.
process/
activity

Descrip‐
tion of
process/
activity

Service

Informa‐
tion
producer
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.13.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.14 Use Case UC 15
5.14.1 Description of the use case UC15
5.14.1.1 Name of use case
ID
UC15

System
configuration(s)
[List of system con‐
figurations which this
UC can be applied to]

Use case identification
Name of use case
Using automated demand response to shift the energy use of
families to periods with cheap market prices.

5.14.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

07/07/2017

Pieter Valkering

First version

Approval
status
Work
progress

in

5.14.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

Objective(s)
Belongs to use case
group (if applicable)

D3‐1

Due to its technical simplicity, dynamic pricing is a popular method used
in attempts to influence the electrical energy consumption of residential
end‐users. The simplest and most straightforward application of dynamic
tariffs is via manual demand response, i.e. informing end‐users of variable
prices and relying on those same users to manually shift electrical
consumption from expensive periods to cheaper ones. However, the Linear
project has shown the decreasing efficiency of such manual schemes due
to response fatigue. Here, the end‐user tires of continuously checking
prices and the ensuing adverse impact on comfort, which results in
decreased involvement or a switch to non‐dynamic pricing schemes. The
alternative is automated demand response, where smart appliances
automatically respond to prices and the impact on user comfort is limited
to the configuration of these smart appliances.
O1: Analyse the cost reductions users can obtain by enrolling in an
automated demand response.
Demand response, User interaction
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5.14.1.4 Narrative of use case
Narrative of use case
Short description
This UC implies shifting electricity consumption to times of low electricity costs, typically from morning
to afternoon, and from evening to night.
The UC first requires a dynamic tariff scheme. Linear deployed a tariff scheme that divided each day
into 6 fixed time zones. The variable tariff per time zone was based on a dynamic energy and distribution
component while the transmission and levies components remained constant.
Second, one needs a pool of electrical appliances (like a dishwasher, washing machine, tumble dryer,
domestic hot water buffer) that can be controlled within the boundary of certain user specified comfort
settings. These settings refer to the deadline users set for when a particular appliance should be ready
with its task (for dishwasher, washing machine, tumble dryer), or to the minimum state‐of‐charge level
to be respected (for the domestic hot water buffer).
Third, one needs a control methodology to schedule residential appliances within the user‐specified
boundary conditions to minimize electricity costs. In Linear, each appliance was scheduled individually
based on the prices published and the user’s settings. For the white goods appliances, a secondary
control criterion was applied to avoid concurrent consumption peaks: dishwashers were started as early
as possible, washing machines as late as possible, and tumble dryers at the first moment during which
no overlap with other appliances occurred. This secondary optimization took place at cluster level, i.e.
for all appliances configured at that time for all users. User settings and prices always took precedence
over this secondary objective.
Complete description
‐

5.14.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives
‐
‐
‐
‐

5.14.1.6 Use case definitions
Use case conditions
Assumptions
‐
Prerequisites
‐

5.14.1.7 General remarks
General remarks
‐

5.14.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram
‐
b) UML Sequence diagram(s)
‐

5.14.3 Technical details
5.14.3.1 Actors
Grouping
‐
D3‐1

Actors
Group description
‐
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Actor name

Actor type

Actor description

‐

‐

‐

Further information
specific to this use
case
‐

5.14.4 Step by step analysis of use case (optional)
5.14.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No.
Scenario
Scenario
Primary
Triggering
Pre‐condition
Post‐
name
description
actor
event
condition
1

5.14.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.14.5 Terms and Definitions
Common terms and definitions
Definition

Term

5.15 Use Case UC 16
5.15.1 Description of the use case UC16
5.15.1.1 Name of use case
ID
UC16

System configuration(s)
[List
of
system
configurations
which
this UC can be applied
to]

Use case identification
Name of use case
Using automated demand response for wind balancing.

5.15.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

07/07/2017

Pieter Valkering

First version

Approval
status
Work
progress

in

5.15.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

D3‐1

The Balancing Responsible Parties (BRP) ‐ electricity suppliers, producers,
etc. ‐ are expected to balance injection and output in their portfolio on an
intra‐day basis. The TSO manages the instantaneous imbalances that the
BRP are not able to control by making use of power reserves supplied by
certain grid users. The costs associated with using these power reserves
are transferred to the BRP via an imbalance scheme. As such, imbalance
tariffs constitute an incentive for them to optimize their portfolio.
Wind power suffers from two problems: it is an intermittent energy source
and, additionally, the predictability of wind power is limited. For this
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Objective(s)

Belongs to use case group
(if applicable)

reason, a BRP with wind generation in its portfolio has a higher risk of
imbalance and so a greater chance of having to deal with imbalance costs.
Residential demand response may compensate for imbalances caused by
the difference between predicted and actual wind production and as such
decrease the imbalance cost of the balancing responsible parties. Given
the small time scales at which this compensation must take place (typically
~15 minutes), this usage of demand response is only feasible in an
automated way.
O1: Analyse the extent to which imbalance costs of BRPs can be avoided
through residential automated demand response.
O2: Analyse which type of appliance is most effective for reducing
imbalance costs
Demand response, User interaction, Ancillary service

5.15.1.4 Narrative of use case
Narrative of use case
Short description
This UC implies shifting residential electricity consumption on an intra‐day basis to compensate for
imbalances in a BRPs portfolio caused by a difference between predicted and actual wind production.
In Linear, this UC was based on a capacity based fee to remunerate households for offering flexibility
on the use of their white good appliances (dishwasher, washing machine, tumble dryer) or for charging
their electric vehicles. The capacity fee is proportional to the hours of delay configured on the end‐
users’ smart appliances. For example, programming a dishwasher at 7 pm with 7 am the next morning
as a deadline would account for 12 hours of flexibility. The flexible use of the domestic hot water buffer
was remunerated with a different scheme.
The intraday balancing setup presumes that demand response is the only source in the BRP’s portfolio
to compensate imbalances. Every quarter hour, the following control cycle is run:
 Status, user configuration and measurement updates for all appliances in the demand response cluster
are collected.
 The change in consumption for the demand response cluster for the next quarter hour with respect to a
base line are calculated.
 If the wind has been underestimated and an increase in consumption is required, then the impact on the
base line is calculated for all sources of flexibility that can be switched on. The appliances are then sorted
in increasing order of impact and activated based on this order until the imbalance is corrected.
 Decreases in consumption can be achieved by switching off the charging of domestic hot water buffers
or electric vehicles. If the wind has been overestimated, then these devices are randomly selected and
switched off, if the comfort settings allowed, until the imbalance is rectified.
Complete description
‐

5.15.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives

5.15.1.6 Use case definitions
Use case conditions
Assumptions
‐
Prerequisites
‐

D3‐1
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5.15.1.7 General remarks
General remarks
‐

5.15.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram
‐
b) UML Sequence diagram(s)
‐

5.15.3 Technical details
5.15.3.1 Actors
Actors
Group description

Grouping
Actor name

Actor type

Actor description

Further information specific
to this use case

5.15.4 Step by step analysis of use case (optional)
5.15.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No.
Scenario
Scenario
Primary
Triggering
Pre‐condition
Post‐
name
description
actor
event
condition
1

5.15.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.15.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.16 Use Case UC 17
5.16.1 Description of the use case UC17
5.16.1.1 Name of use case
ID
UC17

D3‐1

System
configuration(s)
[List of system configurations which this
UC can be applied to]

Use case identification
Name of use case
Maximize the use of residual heat and cold at a business park

A‐45

SmILES – 730936
D3.1
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

5.16.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

07/07/2017

Pieter Valkering

First version

Approval
status
Work
in
progress

5.16.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

Objective(s)
Belongs to use case
group (if applicable)

A 4th generation heat network is rolled out at the Thor business park
in Genk, where buildings are also equipped with PV panels, thermal
day-to-day and seasonal storage, gas boilers and heat pumps. One
use case is to use the heat network to recuperate low temperature
residual heat from the heat pumps in other buildings at the Thor park.
The residual heat and cold from the EnergyVille buildings 1 and 2
can then be maximally used to supply the other buildings at the Thor
park.
O1: Analyze the extent to which residual heat and cold from the
EnergyVille buildings can be used to supply other buildings at the
Thor business park.
Self-sufficiency, heat storage, storage long-term, cooling

5.16.1.4 Narrative of use case
Narrative of use case
Short description

‐
Complete description
-

5.16.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives

5.16.1.6 Use case definitions
Use case conditions
Assumptions
Prerequisites
-

5.16.1.7 General remarks
General remarks
-

5.16.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram
b) UML Sequence diagram(s)
-

D3‐1
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5.16.3 Technical details
5.16.3.1 Actors
Actors
Group description

Grouping
Actor name

Actor type

Actor description

Further information
specific to this use case

5.16.4 Step by step analysis of use case (optional)
5.16.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No. Scenario
Scenario
Primary
Triggering
Pre-condition Postname
description
actor
event
condition
1

5.16.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step Event Name of Descrip- Service InformaNo.
process/ tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Information exchanged
(IDs)

Requirements RID

5.16.5 Common Terms and Definitions
Common terms and definitions
Definition

Term

5.17 Use Case UC 18
5.17.1 Description of the use case UC18
5.17.1.1 Name of use case
ID
UC18

System
configuration(s)
[List of system con‐
figurations which this
UC can be applied to]

Use case identification
Name of use case
Integrating optimized local multi‐energy infrastructures in a
national scale energy system to allow the integration of a large
share of renewable energy sources.

5.17.1.2 Version management
Version
No.
1.0

Date
06/07/2017

Version management
Author(s)
Changes
Frank
Hubeny

Meinke‐

First version

Approval
status
Work
progress

in

5.17.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

D3‐1

Energy systems are traditionally designed so that power energy supply
meets demand on a national scale with transnational power grid
interconnections and import of oil and gas. The rising share of distributed
power and heat generation by renewable energy sources, local storage
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infrastructure and locally optimized multi‐energy systems disrupt this
traditional top‐down operation and investment thinking.
National scale energy system models, such as the TIMES Belgium linear
optimisation model, operate on the assumption that within a defined
region (e.g. the respective country) current and future energy demands are
met by existing and future service technologies. Optimization happens
over a mid‐to long term time horizon (e.g. decades) and on a large
geographic scale. With energy services being supplied by technologies
which are more and more geographically distributed, local optimisation
takes on a more prominent role in the energy systems of the future.

Objective(s)

Belongs to use case
group (if applicable)

For this use case we study the impact of locally‐optimized multi‐energy
infrastructures (generation, storage, distribution and end‐users
consumption) on the capacity requirements and the operation of national
scale infrastructure and technologies. The main question we address is to
what extent multi‐energy infrastructures can be scaled up to enable a
transition to a low carbon energy supply at minimum costs.
O1: Analyse the impact of locally‐optimised multi‐energy systems
(generation, storage and consumption) on the larger national energy
system infrastructure and operation.
O2: Analyse these impacts for several levels of shares of renewables.
Energy System

5.17.1.4 Narrative of use case
Narrative of use case
Short description
‐
Complete description
‐

5.17.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives

5.17.1.6 Use case definitions
Use case conditions
Assumptions
‐
Prerequisites
‐

5.17.1.7 General remarks
General remarks
‐

5.17.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram
‐
b) UML Sequence diagram(s)
‐

D3‐1
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5.17.3 Technical details
5.17.3.1 Actors
Actors
Group description

Grouping
Actor name

Actor type

Actor description

Further information specific
to this use case

5.17.4 Step by step analysis of use case (optional)
5.17.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No.
Scenario
Scenario
Primary
Triggering
Pre‐condition
Post‐
name
description
actor
event
condition
1

5.17.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.17.5 Common terms and definition(s)
Common terms and definitions
Definition

Term

5.18 Use Case UC 19
5.18.1 Description of the use case UC19
5.18.1.1 Name of use case
ID
UC19

Use case identification
Name of use case

System
configuration(s)
TBD

Using vehicle‐to‐grid (V2G) capable electric vehicles for voltage
control in the distribution grid

5.18.1.2 Version management
Version
No.
1.0

Date

Version management
Author(s)
Changes

27/06/2017

O. Gehrke

First version

Approval
status
Draft

5.18.1.3 Scope and objectives of use cases
Scope and objectives of use case
Scope

D3‐1

This use case concerns the coordination of operations between a portfolio
of electrical vehicles connected to vehicle‐to‐grid (V2G) capable charging
equipment and an electrical power distribution system with regards to the
provision of a voltage regulation service to the electrical network.
The system consists of a number of electric vehicles which are subject to
recharging needs corresponding to their use as transportation. Each
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Objective(s)

Belongs to use case group
(if applicable)

vehicle can be connected to one of several pieces of stationary charging
equipment (EVSE) within the electrical distribution grid. Each vehicle can
consume and inject both active and reactive power through the EVSE when
connected, thus impacting the voltage at the point of common coupling.
The system includes one or multiple aggregator entities which are
controlling and monitoring the vehicle chargers, as well as the
communication infrastructure required for control and monitoring. The
aggregators provide a user interface to the vehicle owners to allow them
to specify their charging preferences.
O1: Support or depress the line voltage at the point of common coupling,
on demand
O2: Do not negatively impact the operation of the electrical distribution
grid
O3: Do not reduce the range of the vehicle (=battery SOC) below what has
been agreed with the vehicle's owner
O4: Do not impact the life time of the battery (by increasing the number of
charge cycles) beyond what has been contractually agreed
O5: Maximize revenue to the aggregator (to be shared with the vehicle
owners)
Distribution grid services

5.18.1.4 Narrative of use case
Narrative of use case
Short description
‐
Complete description
‐

5.18.1.5 Optimality criteria
(Directly associated with objectives. E.g. by what metric to 'minimise' something)
Optimality Criteria
ID
Name
Description
Reference to mentioned use
case objectives
C1
Service delivery
Minimize the difference between the O1
committed service profile and the
delivered service, expressed as the
Mean Absolute Error (MAE) over the
duration of the service delivery.

5.18.1.6 Use case definitions
Use case conditions
Assumptions
‐
Prerequisites
‐

5.18.1.7 General remarks
General remarks
‐

5.18.2 Graphical representation(s) of use case
Graphical representation(s) of use case
Examples of typical diagram types associated with use cases:
a) UML Use case diagram
‐
b) UML Sequence diagram(s)
‐
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5.18.3 Technical details
5.18.3.1 Actors
Actors
Group description

Grouping
Actor name

Actor type

Actor description

Further information specific to
this use case

5.18.4 Step by step analysis of use case (optional)
5.18.4.1 Overview of use case scenarios
Identify all relevant use case scenarios; rel. e.g. to Sequence Diagram or Use Case diagram
Scenario conditions
No. Scenario
Scenario
Primary
Triggering
Pre‐condition
Post‐
name
description
actor
event
condition

5.18.4.2 Steps ‐ Scenarios
Alternative / complementary to sequence diagrams.
Scenario
Scenario name :
Step
Event
Name of
Descrip‐
Service
Informa‐
No.
process/
tion of
tion
activity
process/
producer
activity
(actor)

Information
receiver
(actor)

Informa‐
tion ex‐
changed
(IDs)

Require‐
ments R‐
ID

5.18.5 Step by step analysis of use case (optional)
Term
SOC
V2G

D3‐1

Common terms and definitions
Definition
State of charge
Vehicle to grid

A‐51

