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1

Introduction

1.1 Purpose of the document
This document presents a part of the work conducted in task T3.3 “Generation of data required for
simulation of use cases”of work package WP3 “Definition of control functions and use cases” of the
SmILES project. It includes a survey of control functions found in partner simulations and the definition of
a suitable format for transferring these functions between different simulation tools and approaches.
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. Achieving this is not straightforward: Each of the partners
has a different research focus, simulation approach, 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’ research interests have been shown to overlap
but to differ considerably in details such as the modelling depth, temporal and geographical scale etc. [1].
The main instrument for achieving this goal will be so‐called cross‐simulation, i.e. the replication of one
partner’s system configuration/use case combination in another partner’s simulation tool in order to
provide complementary results. Due to the large differences in simulation approaches and tools, the
direct exchange of simulation code ‐ i.e. implemented simulation models ‐ is not considered to be feasible.
Instead, the source simulation setup and many of the underlying assumptions must be documented in
sufficient detail to allow a complete reconstruction in the target environment.
Identifying a reliable method for cross‐simulation between partners will be a large step towards meeting
another main goal of the project: Dissemination of reference simulation models to a wider research
audience outside of the consortium. This can be seen as another cross‐simulation exercise, with the added
difficulty of much less support being available to the implementer in the target environment, especially
after the end of the SmILES project. This further raises the bar for the quality of the documentation.
Work package WP3 “Definition of control functions and use cases” is central to this documentation effort.
It focuses on two main aspects: Input data and control functions. Input data describes exogenous
influences on the simulated system by the environment it is embedded into. Control functions, on the
other hand, describe the extrinsic dynamic behaviour of individual parts of the system, as opposed to the
intrinsic behaviour which is typically captured in the model equations of the simulation.
This deliverable D3.3 “Specification of a common data format” documents the process of identifying a
suitable documentation format for input data. It is being released together with its sibling D3.2
“Specification of a controller definition format” which performs a similar exercise in order to identify a
documentation format for control functions.

1.2 Scope of document
The work description of task T3.3 “Generation of data required for simulation of use cases”of the SmILES
project defines the following subtasks:


Specify a common data format for the representation of the time series. An existing data format
should be used and tested for the use in the different modelling environments.
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Define procedures for closing availability gaps, including template implementations of the
procedures using the common data format. The procedures will explicitly specify checks for error
detection (e.g. natural limits, user defined thresholds, conservation of energy at nodes) and
completeness of data. Standardised error correction methods will be specified if applicable.



Synthesise the required data for all use cases according to the above procedure, establish data
integrity and make final cross checks between the partners. Package the data and make it
available to the consortium.



Make necessary adjustments to the data to reflect changing requirements as the simulation work
progresses in WP5.

The scope of this deliverable D3.3 “Specification of a common data format” is narrower than the task
scope and covers only the first subtask, i.e. the definition of a common format for the documentation of
input data. The development of common procedures for the conditioning and synthesis of input data sets
(second subtask) will be covered by a later deliverable D3.4 “Specification of data synthesis procedures
and associated sanity checks”. The actual data will be generated for deliverable D3.6 “Data packages
covering all use cases” and will be continuously updated until the final version is released as part of
deliverable D3.7 “Final data set”.

1.3 Structure of the document
The main part of the document begins with a discussion of input data and its role in transferring
simulations between different tools (section 2).
Section 3 covers the process of gathering requirements for an input data description format. Subsection
3.1 describes a survey of preliminary test cases which are later used as a basis for the collection of
requirements. Subsection 3.2 briefly summarizes the test cases submitted by the partners. Criteria for a
survey of input data requirements are discussed in subsection 3.3. Subsequently, the survey results are
summarized in subsection 3.4.
Section 4 is dedicated to the main output of the deliverable D3.3 “Specification of a common data format”:
A sufficiently detailed description format for input data to be used later in the project. Subsection 4.1
provides a short overview of existing description formats. Subsection 4.2 defines a number of selection
criteria. The final selection is presented in subsection 4.3, together with a discussion of adaptations in
order to suit the needs of the SmILES project.

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 D3.3 “Specification of a common data
format”, 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.
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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.
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.
Input data is a detailed description of inputs required in the context of a particular UC or TC. The input
data describes the exogenous variables or parameters which inform the specific behaviour of the
simulated system or its components. Input data may be both static, e.g. by specifying operating modes
for a component, or dynamic, such as time series data.
Most of the above definitions are inspired by, and closely aligned with, similar terminology used in the
ERIGrid project as documented in [2]. 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 Relation to other work within SmILES
Task 3.3 “Generation of data required for simulation of use cases”, under which the work in this
deliverable D3.3 “Specification of a common data format” 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 set of input data relevant for a particular simulation depends on the use case which the
simulation implements. Task 3.3 “Generation of data required for simulation of use cases” builds
upon the use case definitions performed during task 3.1 “Description of relevant control functions
and use cases”, and adds a preliminary test case definition which will be replaced by work
5
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performed in work package WP4 “Consolidated Simulation Approach & Evaluation Criteria” at a
later point in time.


Within work package WP3 “Definition of Use Cases and Generation of Input Data”, this deliverable
D3.3 “Specification of a common data format” establishes the foundation for the execution of
deliverables D3.4 “Specification of data synthesis procedures and associated sanity checks”, D3.6
“Data packages covering all use cases” and D3.7 “Final data set”. The combination of test cases
and cross‐simulation use cases defines the set of input data which must be processed and
provided.



The input data definitions are necessary input to the main simulation effort in work package WP5
”Modelling and Analysis”.



Finally, the detailed input data descriptions will eventually be published on the shared
information platform implemented in work package WP6 “Shared Data and Information
Platform”. Finally, the detailed control function descriptions will eventually be published on the
shared information platform implemented in work package WP6 “Shared Data and Information
Platform”.
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2

The role of input data in simulation transfer

In the SmILES project, a primary aim is to enable the sharing of simulation methods and systems between
partners. One milestone of the project is to achieve this sharing via cross‐simulation, where one partner’s
test case is implemented in another partner’s simulation setup. In practice, achieving a cross‐simulation
is complicated, as ‘simulation’ may refer to a computational process taking place at any of several levels
of detail, both in terms of spatial or temporal resolution, or the complexity of the system as simulated.
While a simulation could in principle make use of every aspect of the world, e.g. temperature, defined
everywhere at the system boundary at sub‐millimeter scales per nanosecond, due to computational
resources and available data, a simulation will typically need data at a level of detail commensurate with
the goal of the simulation. As such, a simulation looking to model how the electrical demand placed on a
battery yields transients due to defects of the control system requires electrical demand data at a very
different level of detail compared to a national model seeking to formulate optimal investment plans
several years in advance.
One way to allow exchange between two setups is through the careful documentation of the data used
as inputs for each simulation setup. In this way, the receiving partner can then decide on a means of
reduction or abstraction to modulate the input data for their particular setup. The need for this careful
documentation of the data needed is particularly apparent when the receiving partner is external. In this
case, if the data documentation is not exhaustive enough so as to be self‐documenting, the receiving
partner will be unable to properly implement the test case for which the data is constructed.

Figure 1: Abstract simulation setup

To see the effect this may have, consider the generic test setup illustrated in Fehler! Verweisquelle
konnte nicht gefunden werden.. Here, the system under investigation receives some input data, and
through simulation generates the system’s (endogenous) response to this input. As the test case will
necessarily involve criteria based on the endogenous system response, improper representation of the
exogenous input data will lead to a commensurately improper endogenous system response. That is, one
partner’s simulation may find that the system passes a certain test, while another partner finds that the
system fails the test, solely due to incomplete input data specification. This discrepancy between partners
can occur even if all other aspects of the simulation are kept the same.
As an example, suppose the exogenous input data consists of a time series of temperature data,
representing the outside temperature averaged over each hour of a day. In the simulation, this
7
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temperature impacts the heating demand of a residential building, and thus determines the load placed
on the local district heating system. In order to cross‐simulate such a setup, several pieces of information
must be supplied alongside the raw numbers for the temperature. These may include:


Is the temperature expressed in ºC, in ºF or K?



What is the precision of the measurement?



If the temperature sensors runs out of battery, how are missing numbers represented?



How are floating point numbers represented? (E.g. 170.49 vs. 1.7049e3)



If temperatures are given for multiple locations, which columns correspond to which latitudes
and longitudes?



What make and model of temperature sensor is used?



Have parts (or all) of the data been synthesized?



Are measurements given isochronously (e.g. once every hour), or does the measurement
frequency change? (e.g. the thermometer is solar powered and only updates during the day)

If any of these features are improperly documented by the source partner, the target partner’s test will
not correspond to the source partner’s test.
Thus, to enable partners to successfully achieve cross‐simulation requires defining a format for
documenting input data. This format must achieve two goals simultaneously. First, the format must be
general enough to represent the wide range of data types, time‐ and spatial scales involved in each
partner’s simulation. Second, it must be in a format that is easily amenable to machine interpretation for
ease of use in the receiving partner’s simulation setup.
In the context of SmILES, any data which is taken as input for a use case or test case, and whose impact
on the system is exogenous, i.e. independent of system state, is summarized under the term input data.
As discussed previously, testing criteria are necessarily based on the endogenous response of the system
to exogenous input data. Thus, to replicate a test from one partner’s simulation setup in another partner’s
setup, the source test case must be described in sufficient detail to allow an equivalent representation in
the target environment. This description must cover the static configuration data of the simulated system,
the intrinsic and extrinsic behaviour of all systems and subsystems down to the necessary modelling
depth, the desired function of the entire system and exogenous.
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Fehler! Verweisquelle konnte nicht gefunden werden. provides an overview of how these documentation
requirements map to system configurations, model descriptions, use cases, control functions and input
data, the latter two of which are discussed in this deliverable D3.3 “Specification of a common data
format” and its companion document, D3.2 “Specification of a controller definition format”.

Table 1: Documentation requirements for cross‐simulation
Documentation
in...
System
configuration
Model
description
Use case
Control
function
Input data

Type of information

Examples

Static system data

Line impedances, electrical
topology, nameplate data
Hydraulic equations, electrical load
flow, energy balancing equations
Peak shaving, consumption re‐
duction, optimal storage operation
Solar MPP tracker, constant flow
pump, energy market
Weather data, EV driving patterns,
energy prices

Intrinsic dynamic behaviour of
the system and its components
Desired dynamic behaviour of
the entire system
Extrinsic dynamic behaviour of
individual system parts
Exogenous influence on the
system and its components

Described
where
D2.2, D2.3,
D2.4
D4.1
(partly)
D3.1, D3.7
D3.2, D3.5,
D3.7
D3.3, D3.6,
D3.7
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3

Survey of control functions

The SmILES project proposal, specifically the description of the work in work package WP3 “Definition of
Use Cases and Generation of Input Data”, assumed a bottom‐up procedure in which control functions
would be identified first before use cases would be developed based on the control functions. However,
as described in [1], a top‐down approach where the control functions are determined as part of the
process of detailing the use cases, has been found to be more practical, especially since control functions
only have to be specified for the (much smaller number of) joint use cases. This effectively reverses the
sequence of work compared to what was assumed in the proposal.
In order to define a description format for control functions, a good overview of required control function
types must be obtained. The selected format must be flexible enough to cover all types of control
functions which may be encountered by the project. However, the use cases which have been defined by
the project so far must be assumed to evolve significantly as work packages 4 and 5 get underway,
technical issues manifest themselves and get solved. This will likely affect the set of control functions
underlying these use cases. Nevertheless, the definition of the description format cannot be postponed
to a much later stage of the project.
To obtain a list of necessary fields which the data format must cover, the following steps were taken:
1. Each partner was asked to provide a reference test case for which input data was defined. The
instructions are outlined in Section 3.2, with survey results listed in Section 3.1.
2. For each reference test case, the partner was asked to fill in a sheet listing the input data required
for the test case. These instructions are listed in Section 3.3.
3. The results of this survey are presented in Section 3.4.
4. Then, the data requirements were summarized and outlined as detailed in Section 4.
5. Finally, partners were asked to comment on the summarized form to indicate any input data from
other test cases that may not be covered by the survey results. See Section 4 for details.

10
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3.1 Preliminary test case survey
Each partner was asked to complete the survey template (reproduced below) for an arbitrary test case
relating to a use case defined by themselves. This survey was not evaluated within the scope of this
deliverable D3.3 “Specification of a common data format”; its purpose was to create a reference frame
against which the input data list could be defined. The detailed results of the survey are reproduced in
the appendix.

SmILES test case description (v0.1)
The test case provides a set of conditions under which a test can determine whether or how well a system,
component or one of its aspects is working given its expected function.
Name of test case: XXXXXXXXXX
Partner: XXXXXXXXXX

1. Scope and goal

What is the test objective, i.e. what is the purpose of carrying out the test? Try to formulate the objective within one
of the following three categories:
1.

Characterization: a measure is given without specific requirements for passing the test. Examples:
understanding the behaviour of a system, developing a mathematical model of a component.

2.

Validation: a requirement and abstract measure is provided, but the results are subject to interpretation, i.e.
passing a test depends on a qualitative evaluation by an expert or user of the system. These tests seek to
answer the question are we building the right system? Example: Is the mathematical model good enough?

3.

Verification: acceptance of a test result depends on the direct evaluation against fixed and formalized
assessment criteria. These criteria can be formulated as quantitative measures with a set/range of acceptable
values of these measures, i.e. quantitative tests. These tests seek to answer the question are we building the
system right? Example: Testing whether a component conforms to a standard.

XXXXXXXXXX
To which system configuration does this test apply? XXXXXXXXXX
To which use case does this test apply? XXXXXXXXXX
Formulate one paragraph of narrative summarizing the test and its purpose:
XXXXXXXXXX
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2. Identification of test components

What is the System Under Test, i.e. which subset of the entire system configuration needs to be simulated in order to
achieve the test objective? (Note: In some cases this may be the entire system)
XXXXXXXXXX
What is the Object Under Investigation, i.e. which are the components of the System Under Test that are to be
characterized or validated?
XXXXXXXXXX
What is the Function Under Investigation, i.e. which of the system behaviour defined in the use case is to be
characterized, validated or verified?
XXXXXXXXXX

3. Test criteria
Formulate the target metrics, i.e. a list of quantities in the context of the System Under Test which can be used to
qualify/quantify the test result with respect to the test objective.
XXXXXXXXXX
Define quality attributes for assessing an acceptable test result. In case of a characterization test, this may be the remaining model uncertainty. For verification tests, the acceptance threshold (worst case
for passing the test) is stated. For validation tests a criterion for ending the test execution is required.
XXXXXXXXXX
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3.2 Survey of input data requirements
Each partner was the asked to list all input data required to execute the use case/test case combination
selected in the previous step, using the survey template (reproduced below).
The following information was considered to be important:


Static dataset or time‐variable dataset: Examples for static datasets could be sets of initial
conditions, weights for a neural network, parametrization of controllers etc., i.e. data which is
static but depends on use case or test case i.e. is not included in the system configuration.
Examples for time‐variable datasets would be time series (weather data, market prices,...) or
event streams (grid configuration changes, unit dispatch, resident opening a window,...)



For time variable datasets: Is the data set isochronous / are the timestamps of the dataset equally
spaced (i.e. can the timing be completely described by start time, period and length) or not (e.g.
event streams)?



Number of dimensions of the dataset. If the data belongs to an n‐dimensional set determining
the dependency of one output variable on n input variables (e.g. time series), n is of interest.



Metadata requirements for the entire dataset, i.e. requirements for storing additional
information which is not part of the data itself but describes the data (metadata). Of particular
interest is the type of metadata which is required by a simulator/optimizer. For example, if a
dataset contains power consumption time series from identical electricity meters in 10 houses, a
street address, a coupling point identifier, a meter serial number or some other identifier would
be required in order to link the correct time series to the correct house (=grid coupling point).
Without this information, the 10 time series cannot be correctly applied to the simulation.



Metadata requirements per value: This refers to additional information which is available about
each data item itself (per‐value metadata) and necessary to conduct the test. An example could
be a binary flag which determines whether the value is valid.



Metadata may just be another column in a time series table (e.g. first column: time, 2nd column:
measured value, 3rd column: precision).



Time resolution (for time series data), i.e. the sampling period of isochronous data.



Size of dataset (X*Y*Z*...): The approximate, expected or estimated (order of magnitude) size of
the data. A table containing a day of 15‐minute values of data together with timestamps would
be 2*96 (or of the order of magnitude of 2*100).



Existing storage format: The file format in which the data exists, is read by existing simulation
tools, or is expected to be available in.



Current storage requirements (e.g. x MB): The approximate, expected or estimated (order of
magnitude) size of the data in the above format.



Data type(s) required for dataset, e.g. string, timestamp, integer, floating point, complex number,
code, Excel formulas etc. Example: A time series table where column 1 contains a timestamp,
column 2 contains a wind speed measurement, column 3 contains a temperature reading, column
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4 contains a humidity measurement and column 5 contains a comments field, may require the
datatypes timestamp, floating point and string.
The detailed results of the survey are reproduced in the appendix.

Figure 2: Input data collection template
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3.3 Survey process and results
The following main findings were derived from the survey:
1. There is a need to represent both static and time‐variable datasets.
2. Both isochronous and arbitrarily‐spaced timeseries must be supported.
3. No dataset has a dimension greater than 2 (corresponding to a x‐y table).
4. Metadata is required for the entire dataset and for each individual column. No partner expressed
a requirement for metadata storage needs for each individual data element.
5. A wide range of time resolutions must be supported, with sample periods ranging from 10
seconds to 5 years.
6. The maximum expected size of a single dataset is of the order of magnitude of 100,000 x 100.
7. Existing storage formats are CSV and Excel.
8. The storage requirements are expected to be within 10 MB per dataset.
9. Data encoded as strings, time stamps, integers, floating point numbers and enumerated values
must be supported.

15
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4

Formats for representing input data

The survey process outlined in previous sections provides a well‐defined set of requirements for an input
data description format which matches the needs of the project. This chapter will introduce a set of
evaluation criteria derived from the survey results, followed by a brief overview of existing formats.
Finally, the chosen solution, a composite of existing formats, will be discussed.

4.1 Evaluation criteria
The general need for the thorough documentation of input data as part of conducting cross‐simulations
has been outlined in Section 2: To completely describe the set of exogenous input data used by a
particular use case/test case combination which is needed to reproduce an endogenous system
response in the context of a target simulation environment.
As discussed above, a format for input data documentation must be general enough to represent the
wide range of data types, time and spatial scales involved in each partner’s simulation. Furthermore, it
must be amenable to machine interpretation. The following evaluation criteria for control function
description formats were identified as relevant to the needs of SmILES:
1. Can the format describe all data organisation types identified by the survey? Relevant types
include key‐value associations as well as one‐ and two‐dimensional tabular data. Support for
isochronous as well as non‐isochronous time series is required. With respect to the individual data
elements, it must be possible to represent floating point numbers, generic strings and timestamps
with optional sub‐second resolution.
2. How flexible and capable is the format with respect to metadata representation? The survey
shows a need for being able to associate metadata elements with entire datasets/files, individual
columns in tabular data as well as individual values in key‐value data. Metadata association with
individual rows and/or individual values in tabular data has not been requested in the survey.
3. How well is the format covered by existing libraries and/or converters in usual simulation
environments (e.g. common programming languages, Matlab, common simulation tools like
Modelica,...) in order to allow data to be exported or imported without requiring the sending or
receiving partner to implement conversion software from the ground up?
4. Is the format human‐readable (this usually implies a text‐based, non binary format)? This permits
the manual verification of the conversion process. Reassembly of binary renderings of numerical
data types is one of the major sources of errors in data format conversions. Common problems
arise around signed/unsigned integers, byte order, endianness, exponent formats for floating
point numbers and reserved codes for special numerical values such as “+inf” or ”NaN”. The
identification and mitigation of conversion problems becomes more difficult with binary formats.
5. How structurally complex is the format? Added flexibility often increases the complexity of a data
structure through layering, containerization and/or modularization. Therefore, flexibility which is
not required may lead to large inefficiencies.
6. What is the implementation effort associated with the format?
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4.2 Common data storage formats
The following generic (i.e. not application specific) data storage formats are commonly used in
engineering and science applications:


Comma separated values (CSV): A simple, delimiter‐separated text format which, despite its
limitations, is in widespread use in information systems. CSV is not a well‐defined format;
however, RFC 4180 [xxx] proposes a specification for the CSV format which is commonly used.



Hierarchical Data Format (HDF5): Originally developed at the US National Center for
Supercomputing Applications, HDF5 has been specifically designed to store and organize large
amounts of scientific data in a portable way.



Extensible Markup Language (XML): While not a data storage format per se, XML is a markup
language for encoding documents in a format that is both human‐readable and machine‐readable
and can be automatically validated.



JavaScript Object Notation (JSON): A human‐readable, hierarchical format used to encode data
objects consisting of attribute–value pairs and array data types. It is a very common data format
used for communication in distributed and/or heterogeneous software systems.



Relational databases (RDB): A database following the relational data model which organizes data
into one or more tables (or "relations") of columns and rows, with a unique key identifying each
row. Rows in a table can be linked to rows in other tables by adding a column for the unique key
of the linked row. RDB data is not typically distributed as files; instead, a software system (RDBMS)
provides access to the data via a query language.



Key‐value stores (KVS): A database for storing associative arrays (dictionaries). Dictionaries may
be recursive and are accessed using a unique key. Like RDBs, KVS require a software system to act
as an interface; however, query languages are less standardized than for RDBs.



Office Open XML Spreadsheets aka Excel files (XLS): Although not originally intended for this
purpose, due to the ubiquity of spreadsheet software (in particular Microsoft Office),
spreadsheets files are not uncommon as vehicles for the exchange and storage of data in scientific
environments.



Common Data Format (CDF): A self‐describing data format for the storage of scalar and
multidimensional data in a platform‐ and discipline‐independent way. The use of CDF is through
the CDF library and toolkit developed by the National Space Science Data Center (NSSDC) at
NASA.



Network Common Data Form (NetCDF): A set of software libraries and self‐describing, machine‐
independent data formats that support the creation, access, and sharing of array‐oriented
scientific data. The format was originally based on the conceptual model of CDF, but has since
diverged and is not compatible with it.



Ein‐Ausgabe System (EAS3): A software toolkit for reading and writing structured binary data with
geometry information and for post‐processing of these data. It has been designed to exchange
floating‐point data between different computers and can be used for other kinds of structured
data sets. It is mainly used in the field of direct numerical simulations.
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All of the above formats were evaluated according to the six criteria discussed in the previous section.
The results have been summarized in
Table 2.

Table 2: Evaluation of existing data storage formats. (++)=best possible solution, (+)=possible solution,
(o)=limited solution, (‐)=strong limitations, (‐‐)=not appropriate

CSV

Data
Metadata
organisation capability
++
‐‐

Library
support
++

Human
readability
++

Structural
complexity
++

Implementa‐
tion effort
++

HDF5

++

++

+

‐‐

‐‐

o

XML

o

++

+

++

+

+

JSON

+

+

o

+

+

+

RDB

+

++

+

o

o

‐‐

KVS

o

+

o

o

o

‐‐

XLS

+

o

+

‐‐

‐

++

CDF

++

++

+

‐‐

‐‐

o

NetCDF

++

++

+

‐‐

‐‐

o

EAS3

‐

o

‐

‐‐

‐

o

4.3 Format selection
The evaluation result above reveals that none of the surveyed formats is able to offer a satisfactory rating
(++ or +) on all of the six criteria. This results in three possible approaches:
1. Adapt/modify an existing format.
2. Remove some of the requirements.
3. Combine multiple formats to cover different aspects of the input data description.
The first approach is not likely to result in a satisfactory solution because any deviation from established
formats would require adaptations to existing libraries, tools or converters, thereby automatically
worsening the ranking according to criterion 3 (library support). The second approach would only be
desirable if multiple of the criteria were in the “nice to have” category. This is not considered to be the
case; consequently a loosening of requirements should only be considered as a last resort. Finally, the
third option was chosen as the most satisfactory compromise: By dividing the documentation
requirements between multiple formats, at least some of the existing libraries, converters and
import/export capabilities can be used even though some preprocessing may be required.
In the absence of a format able to offer a satisfactory rating (++ or +) on all of the six criteria,
Table 2 reveals that a format exists which fulfills five out of six criteria. The structurally simple CSV format
lends itself to tabular as well as key‐value data, is human readable and ‐ due to its simplicity and longevity
‐ supported directly by most data processing environments. Its major drawback is the inability to support
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structured metadata in a standardized way which will not break CSV import filters. In other words, CSV is
well‐suited to data storage, but not to data description/self description.
The selected approach therefore requires a format well‐suited to the storage of structured metadata
while being satisfactory (++ or +) on as many as possible other criteria except “data organisation” (this is
now covered by CSV as a data storage format). According to
Table 2, XML is well‐suited to this task. XML is human readable, of limited complexity and enjoys good
support in virtually all programming environments. However, as a markup format with application‐specific
structure, it cannot be directly digested by existing simulation tools. Its role should therefore be to provide
context to one or multiple datasets at the preprocessing stage.
Storing the data itself and its metadata in different formats will inevitably result in multiple separate files
which must be linked together in a human‐readable as well as machine‐readable way in order to avoid
common processing errors. A common solution to this problem is to provide an archive wrapper
containing one or multiple files of raw data as well as a manifest file. Well‐known examples for this
technique is the JAR (Java Archive) format used to distribute executable Java code together with file‐based
resources such as images used by the executing software, or the FMI standard used in cosimulation which
distributes the resources belonging to a Functional Mockup Unit (FMU) in a single archive with a manifest.
A very common choice, also used by the above examples, is the use of zip (PKZIP) archives as a wrapper
format, due to their widespread use and multi‐platform support.

Selected format
Based on these considerations, the following rules should be followed for constructing a data file:
1. Data and metadata are combined in a zip archive.
2. The zip archive contains an XML file named “manifest.xml” which provides information and
metadata about all data contained in the zip file.
3. Data ‐ tabular as well as key‐value data ‐ is stored in CSV files which are likewise contained in the
zip archive. Data files may have arbitrary names (except for the file extension which must be .csv).
No convention is defined for the distribution of data between files; i.e. a two‐dimensional table
with 10 columns may be stored as one file, five files of two columns each etc. The manifest file is
used to describe the data in each file.
4. Each CSV file must follow the format described in RFC 4180 [3], see also the appendix, with the
following characteristics:
a. The header line (RFC 4180 section 2 rule 3) is mandatory.
b. String data must always be enclosed in double quotes (RFC 4180 section 2 rules 5 and 6)
in order to proactively prevent a number of common conversion problems.
c. Strings containing double quotes must be escaped as described in RFC 4180 section 2 rule
7.
5. The use of language‐specific and diacritical characters (Ü, æ, á etc.) is a common source of
conversion issues and should be avoided as far as possible in data files and manifest. Ideally, these
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should be transcribed to the English alphabet in a consistent manner. (Example: Århusgade ‐>
Aarhusgade, Köstendorf ‐> Koestendorf etc.)
6. Regardless of local conventions, a dot (“.”) must be used as a decimal point separator in order to
avoid confusion with the comma used as a field separator. (Example: one half is 0.5 instead of
0,5).
7. Missing or invalid data (NaN, blank fields etc.) are to be represented as empty fields in the CSV
files, i.e. without a space between the separators. (Example: 1,2,,,,6).
8. All timestamps must be provided in the UTC time zone to avoid discontinuities caused by daylight
saving, geographical distance etc. and must be written in one of the two following formats:
a. Milliseconds elapsed since 01/01/1970, 00:00:00.000 i.e. the Unix Epoch. Seconds since
the Epoch are supported by virtually all programming environments, including Matlab.
The conversion to milliseconds is trivial; some programming languages (e.g. Java) already
represent Epoch time in milliseconds. Example: Dec 1st, 2017, 13:00:00.000 central
European time corresponds to an Epoch time of 1512129600000.
b. The Internet Time format as specified by RFC 3339 [4] and ISO 8601 [5]. Note that RFC
3339 allows the capital “T” separating date and time to be replaced with a space (“ “) to
improve readability. Example: Dec 1st, 2017, 13:00:00.000 is written as “2017‐12‐01
12:00:00.000” (note the 1 hour timezone difference between CET and UTC).
These two formats correspond to the POSIXlt and POSIXct standards (epoch time and calendar time).

Manifest file
The XML manifest file should have the following overall structure:
<?xml version='1.0' encoding='UTF-8'?>
<dataset name="..." author="...">
<description>
[...]
</description>
<timeseries name="..." file="..." time-column="1">
[...]
</timeseries>
<table name="..." file="...">
[...]
</table>
<keyvalue name="..." file="...">
</keyvalue>
</dataset>
Exactly one <dataset> tag is required at the highest level of the XML tree. The general concept assumes
that only related data is distributed in the same zip archive; multiple zip archives should be created for
multiple unrelated data sets.
At the second level, <description>, <timeseries>, <table> and <keyvalue> sections are possible. Exactly
one <description> tag is mandatory. It encloses text which describes the origin and purpose of the entire
dataset in a human‐readable form. The three other tags enclose descriptions of different forms of tabular
data:
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A <table> is a generic two‐dimensional dataset in row/column form. (One‐dimensional datasets are
expressed as two‐dimensional sets with a single column).
A <timeseries> is a special kind of table in which one column carries timestamps to which all column
entries in the same row refer.
A <keyvalue> (key‐value set) is another special kind of table with exactly two columns. In each row, the
entry in the first column is a key, and the entry in the second column is the corresponding value. This is a
useful storage format for e.g. parameter lists.
The XML sections for the three tabular types are discussed in the following.

<table> section
These sections have the following general form:
<table name="..." file="...">
<description>
[...]
</description>
<column name="..." column="..." datatype="...">
<unit>[...]</unit>
<abs-accuracy>[...]</abs-accuracy>
<rel-accuracy>[...]</rel-accuracy>
<rawdata>[...]</rawdata>
<source>[...]</source>
<description>
[...]
</description>
<min-value>[...]</min-value>
<max-value>[...]</max-value>
</column>
<column name="..." column="..." datatype="...">
<description>
[...]
</description>
<enum-keys>
<key name="..." value="..."/>
</enum-keys>
</column>
</table>
Exactly one <description> tag is mandatory for the outer level <table> tag; however, the <description>
tags for the individual columns are optional. Each <table> may contain an unlimited number of <column>
entries; however, all columns have to be found in the same CSV file (file attribute).
All subtags under each <column> tag are optional (unit, description, min‐value, max‐value, enum‐keys,
source, rawdata, abs‐accuracy and rel‐accuracy) while the column attributes are mandatory: Each column
must be given a name, the (1‐based) column index in the CSV file must be provided and the data type of
the column must be indicated. Permitted data types are integers (“int”), floating point numbers (“float”),
boolean values (“bool”), enumerated values (“enum”) or general strings (“string”). For enumerated
values, an <enum‐keys> section should be provided while integers and floating point numbers should
provide a unit and the valid range of values (min‐value/max‐value) to allow cross‐checks.
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Additional information about the origin of the data may be added using the <source> tag. <rawdata> is
an optional boolean flag which indicates whether the data has been postprocessed (no) or originates
directly from a measurement (yes). If the relative and/or absolute accuracy of a measurement is known,
the <rel‐accuracy> (in p.u.) and/or <abs‐accuracy> (in the same unit as the data) tags can be used.

<timeseries> section
These sections are similar to the <table> form:
<timeseries name="..." file="..." time-column="...">
<description>
[...]
</description>
<isochronous>[...]</isochronous>
<resolution>[...]</resolution> <!--Resolution in seconds between
samples -->
<column name="..." column="..." datatype="...">
<unit>[...]</unit>
<abs-accuracy>[...]</abs-accuracy>
<rel-accuracy>[...]</rel-accuracy>
<rawdata>[...]</rawdata>
<source>[...]</source>
<description>
[...]
</description>
<min-value>[...]</min-value>
<max-value>[...]</max-value>
</column>
<column name="..." column="..." datatype="...">
<enum-keys>
<key name="..." value="..."/>
</enum-keys>
<description>
[...]
</description>
</column>
</timeseries>
The main difference is the mandatory <time‐column> attribute at the outer level which specifies the (1‐
based) column index in the CSV file. One level below, two additional mandatory tags must be provided:
The boolean <isochronous> tag states whether the table rows are equidistant in time. If the data is
isochronous, <resolution> specifies the time delta between rows. <resolution> is to be omitted for non‐
isochronous data.

<keyvalue> section
These sections are very simple due to the fixed format of key‐value data:
<keyvalue name="..." file="...">
</keyvalue>
An example manifest file is provided in the appendix.
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Appendix A: Test case survey results
A.1 AIT test case
SmILES test case description (v0.1)
The test case provides a set of conditions under which a test can determine whether or how well a system,
component or one of its aspects is working given its expected function.
Name of test case: District heating production units following electrical network optimal schedule
Partner: AIT

1. Scope and goal
What is the test objective, i.e. what is the purpose of carrying out the test? Try to formulate the objective within one
of the following three categories:
1.

Characterization: a measure is given without specific requirements for passing the test. Examples:
understanding the behaviour of a system, developing a mathematical model of a component.

2.

Validation: a requirement and abstract measure is provided, but the results are subject to interpretation, i.e.
passing a test depends on a qualitative evaluation by an expert or user of the system. These tests seek to
answer the question are we building the right system? Example: Is the mathematical model good enough?

3.

Verification: acceptance of a test result depends on the direct evaluation against fixed and formalized
assessment criteria. These criteria can be formulated as quantitative measures with a set/range of acceptable
values of these measures, i.e. quantitative tests. These tests seek to answer the question are we building the
system right? Example: Testing whether a component conforms to a standard.

Verification of operational strategy of thermal-electrical coupling units and thermal storages (e.g., heat pumps and
CHPs)
To which system configuration does this test apply? Pseudodorf
To which use case does this test apply? Joint Use Case 3 / AIT UC 1
Formulate one paragraph of narrative summarizing the test and its purpose:
This test verifies the capability of thermal production units and storages in a district heating network to follow an
operational schedule received from the electrical network operator. The goal of this schedule is to maximize the
utilization of local surplus electricity while considering electrical network restrictions. Therefore, heat pump and
CHP operation aims at following electrical network demand. The test verifies that the thermal production units can
follow this schedule while maintaining necessary district heating network requirements and without worsening
electrical grid condition.
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2. Identification of test components
What is the System Under Test, i.e. which subset of the entire system configuration needs to be simulated in order to
achieve the test objective? (Note: In some cases this may be the entire system)
The thermal domain is meant to provide flexibility to the electrical domain. A schedule is enforced at the thermal
production units that aim at following this schedule as closely as possible, considering district heating network
requirements. Thermal storages are used to thereby increase operational flexibility of these units. Hence the SuT
comprises:
- The district heating network
- The thermal production units (especially all power-to-heat and CHP appliances)
- The thermal storage units
- The electrical distribution network
What is the Object Under Investigation, i.e. which are the components of the System Under Test that are to be
characterized or validated?
- Controller
What is the Function Under Investigation, i.e. which of the system behaviour defined in the use case is to be
characterized, validated or verified?
- Negative residual load of electrical network
- Deviations from original production schedule
- Supply line temperature limits at consumers
- Voltage levels at thermal-electrical coupling points (i.e., at CHP and HP)
- Loading of transformer and lines

3. Test criteria
Formulate the target metrics, i.e. a list of quantities in the context of the System Under Test which can be used to
qualify/quantify the test result with respect to the test objective.
- Sum of negative residual load of electrical network is significantly reduced
- Deviations from original production schedule are small
- Temperature operating limits of district heating network are not violated
- Electrical network constraints (such as component loading and voltages levels) are not further violated
compared to base case (i.e., no coupling)
Define quality attributes for assessing an acceptable test result. In case of a characterization test, this may be the
remaining model uncertainty. For verification tests, the acceptance threshold (worst case for passing the test) is
stated. For validation tests a criterion for ending the test execution is required.
Sum of negative residual loads of electrical network is reduced compared to base case (i.e., no coupling)
Minimal supply line temperature is met at each consumer
Pareto improvement for set of KPIs (e.g., time period where voltage deviations occur, maximum loading of
transformer etc.) from electrical domain compared to base case
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A.2 DTU test case #1
SmILES test case description (v0.1)
The test case provides a set of conditions under which a test can determine whether or how well a system,
component or one of its aspects is working given its expected function.
Name of test case: UC03-TC1: downregulation baseline
Partner: DTU

1. Scope and goal
What is the test objective, i.e. what is the purpose of carrying out the test? Try to formulate the objective within one
of the following three categories:
1.

Characterization: a measure is given without specific requirements for passing the test. Examples:
understanding the behaviour of a system, developing a mathematical model of a component.

2.

Validation: a requirement and abstract measure is provided, but the results are subject to interpretation, i.e.
passing a test depends on a qualitative evaluation by an expert or user of the system. These tests seek to
answer the question are we building the right system? Example: Is the mathematical model good enough?

3.

Verification: acceptance of a test result depends on the direct evaluation against fixed and formalized
assessment criteria. These criteria can be formulated a7s quantitative measures with a set/range of
acceptable values of these measures, i.e. quan7titative tests. These tests seek to answer the question are we
building the system right? Example: Testing whether a component conforms to a standard.

This test case serves as an initial characterization of the7impact of using electrical booster heaters in the district
heating network in order to provide downregulation services to the electrical grid.
To which system configuration does this test apply? Nordhavn
To which use case does this test apply? UC03: Lower heat demand peaks in the heat distribution network by
controlling power-to-heat units
Formulate one paragraph of narrative summarizing the test and its purpose:
In this test, electrical energy is dumped into the district heating network according to the requirements of the
electrical grid, without consideration for the impact on the capacity of the district heating network to absorb the
energy. The test will be repeated for several parameter combinations to determine in which cases coordination
between electrical and heat networks is needed.
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2. Identification of test components
What is the System Under Test, i.e. which subset of the entire system configuration needs to be simulated in order to
achieve the test objective? (Note: In some cases this may be the entire system)
Entire system
What is the Object Under Investigation, i.e. which are the components of the System Under Test that are to be
characterized or validated?
District heating network and its ability to absorb energy
What is the Function Under Investigation, i.e. which of the system behaviour defined in the use case is to be
characterized, validated or verified?
Booster heater activation for the provision of downregulation service

3. Test criteria
Formulate the target metrics, i.e. a list of quantities in the context of the System Under Test which can be used to
qualify/quantify the test result with respect to the test objective.
- Load factor of the district heating network
- Occurrence of overload (capacity saturation) conditions
- Operating efficiency of the district heating network
Define quality attributes for assessing an acceptable test result. In case of a characterization test, this may be the remaining model uncertainty. For verification tests, the acceptance threshold (worst case
for passing the test) is stated. For validation tests a criterion for ending the test execution is required.
The test is successful if one or more of the test runs (parameter variation) reveal situations where uncoordinated heat
dumping leads to capacity issues in the DH network.
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A.3 DTU test case #2
SmILES test case description (v0.1)
The test case provides a set of conditions under which a test can determine whether or how well a system,
component or one of its aspects is working given its expected function.
Name of test case: UC03-TC2: coordination algorithm
Partner: DTU

1. Scope and goal
What is the test objective, i.e. what is the purpose of carrying out the test? Try to formulate the objective within one
of the following three categories:
1.

Characterization: a measure is given without specific requirements for passing the test. Examples:
understanding the behaviour of a system, developing a mathematical model of a component.

2.

Validation: a requirement and abstract measure is provided, but the results are subject to interpretation, i.e.
passing a test depends on a qualitative evaluation by an expert or user of the system. These tests seek to
answer the question are we building the right system? Example: Is the mathematical model good enough?

3.

Verification: acceptance of a test result depends on the direct evaluation against fixed and formalized
assessment criteria. These criteria can be formulated as quantitative measures with a set/range of acceptable
values of these measures, i.e. quantitative tests. These tests seek to answer the question are we building the
system right? Example: Testing whether a component conforms to a standard.

This test case serves as a proof-of-concept validation of a coordination algorithm for mitigating capacity problems
due to the dumping of electrical power into the heat network
To which system configuration does this test apply? Nordhavn
To which use case does this test apply? UC03: Lower heat demand peaks in the heat distribution network by
controlling power-to-heat units
Formulate one paragraph of narrative summarizing the test and its purpose:
In this test, a coordination scheme between the heat and electricity networks is applied to those heat dumping
situations which were identified as problematic in UC03-TC1 (baseline). The test will validate that the chosen
approach has a beneficial effect on the operation of the DH grid.
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2. Identification of test components
What is the System Under Test, i.e. which subset of the entire system configuration needs to be simulated in order to
achieve the test objective? (Note: In some cases this may be the entire system)
Entire system
What is the Object Under Investigation, i.e. which are the components of the System Under Test that are to be
characterized or validated?
Cross-network coordination algorithm/controller
What is the Function Under Investigation, i.e. which of the system behaviour defined in the use case is to be
characterized, validated or verified?
Calculation of heat network capacity constraints and observation of these capacity constraints by the aggregator
controlling the booster heaters

3. Test criteria
Formulate the target metrics, i.e. a list of quantities in the context of the System Under Test which can be used to
qualify/quantify the test result with respect to the test objective.
- Load factor of the district heating network
- Occurrence of overload (capacity saturation) conditions
- Operating efficiency of the district heating network
- Imbalances caused in the electrical network due to intervention/capacity constraints
Define quality attributes for assessing an acceptable test result. In case of a characterization test, this may be the remaining model uncertainty. For verification tests, the acceptance threshold (worst case
for passing the test) is stated. For validation tests a criterion for ending the test execution is required.
The test is successful if all overload (capacity saturation) conditions identified in UC03-TC1 can be averted by
cross-network coordination.
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A.4 IAI test case
SmILES test case description (v0.3)
The test case provides a set of conditions under which a test can determine whether or how well a system,
component or one of its aspects is working given its expected function.
Name of test case:
1. Model Predictive Controller characterization/validation
2. Building model verification
Partner: KIT-IAI

1. Scope and goal
What is the test objective, i.e. what is the purpose of carrying out the test? Try to formulate the objective within one
of the following three categories:
1.

Characterization: a measure is given without specific requirements for passing the test. Examples:
understanding the behaviour of a system, developing a mathematical model of a component.

2.

Validation: a requirement and abstract measure is provided, but the results are subject to interpretation, i.e.
passing a test depends on a qualitative evaluation by an expert or user of the system. These tests seek to
answer the question are we building the right system? Example: Is the mathematical model good enough?

3.

Verification: acceptance of a test result depends on the direct evaluation against fixed and formalized
assessment criteria. These criteria can be formulated as quantitative measures with a set/range of acceptable
values of these measures, i.e. quantitative tests. These tests seek to answer the question are we building the
system right? Example: Testing whether a component conforms to a standard.

Two test cases have to be evaluated:
1.1 The developed Model Predictive Controller has to be characterized. The interaction with the building models
has to be studied and evaluated. After optimizing the MPC algorithm, it is validated with the simulation results
for energy consumption reduction and fluctuation minimization.
1.2 The building models are verified by comparison of the simulation trajectories and physically measured values.
To which system configuration does this test apply? KIT building 445-449
To which use case does this test apply? UC11
Formulate one paragraph of narrative summarizing the test and its purpose:
In case of UC11, the developed MPC algorithm has to be tested against three test criteria. First of all, whether the
MPC interacts properly with the building models and is therefore able to control the system within given boundaries.
Next, the total energy consumption (including thermal and electrical energy) should be reduced. Furthermore, the
fluctuation in energy supply from the district heating and the electrical grid should be reduced. In these cases, an
intermediate step of building modeling is needed. The resulting building model should also be verified by given
measurement data.
For the purpose of reducing the energy consumption over a given time period, the reduction of total energy
consumption in kWh could serve as measure for success of the underlying control algorithm. In case of fluctuation
minimization, there are multiple possible candidates which could serve as measure for fluctuation. Two possibilities
are to measure the deviation from the moving average of the supply either in the l1 or in the l2-norm. In the former,
the measure would minimize the peak deviation whereas in the latter an average-like deviation would be minimized.
The building model can be validated by comparison of resulting simulation results to real measurements.
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2. Identification of test components
What is the System Under Test, i.e. which subset of the entire system configuration needs to be simulated in order to
achieve the test objective? (Note: In some cases this may be the entire system)
 The System Under Test is in both cases the whole building.
What is the Object Under Investigation, i.e. which are the components of the System Under Test that are to be
characterized or validated?
In both test cases:
 Heat pump and AC system dynamics
 Concrete core activation
 Electrical / heat grid
 Thermal dynamics of the building
What is the Function Under Investigation, i.e. which of the system behaviour defined in the use case is to be
characterized, validated or verified?
 In case 1) “Model Predictive Controller characterization/validation” the Model Predictive controller, but
with different objective function formulations according to the desired goal.
 In case 2) the deviation of simulated and measured load data.

3. Test criteria
Formulate the target metrics, i.e. a list of quantities in the context of the System Under Test which can be used to
qualify/quantify the test result with respect to the test objective.
3.1 Model Predictive Controller characterization/validation
3.1.1
Boundaries

The MPC can keep the system within the given boundaries (e.g. temperature comfort zones).
3.1.2
Energy consumption reduction

Reduction of energy consumption over a given time period (e.g. a month / a year) in kWh.
3.1.3
Fluctuation minimization

The maximum peak in electricity / heat demand has been reduced.

The derivation around a moving average for fluctuation has decreased.

Different metrics could be used. E.g. the deviation from a moving average in different norms (l1norm or 12-norm for example).
3.2 Building model verification

The deviation of the predicted behavior against measured data. Trajectories of the developed
model (ordinary differential equation) behave in simulation like the real system (validated by
comparison of the simulation trajectories and physically measured values, e.g. heat/electricity
load curves.)
Define quality attributes for assessing an acceptable test result. In case of a characterization test, this may be the remaining model uncertainty. For verification tests, the acceptance threshold (worst case
for passing the test) is stated. For validation tests a criterion for ending the test execution is required.
 The quantitative measures for ending the test case have to be developed during the modeling task.
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A.5 EDF test case
SmILES test case description (v0.1)
The test case provides a set of conditions under which a test can determine whether or how well a system,
component or one of its aspects is working given its expected function.
Name of test case: Sensitivity test on the storage volume
Partner: EDF-EIFER

1. Scope and goal
What is the test objective, i.e. what is the purpose of carrying out the test? Try to formulate the objective within one
of the following three categories:
1.

Characterization: a measure is given without specific requirements for passing the test. Examples:
understanding the behaviour of a system, developing a mathematical model of a component.

2.

Validation: a requirement and abstract measure is provided, but the results are subject to interpretation, i.e.
passing a test depends on a qualitative evaluation by an expert or user of the system. These tests seek to
answer the question are we building the right system? Example: Is the mathematical model good enough?

3.

Verification: acceptance of a test result depends on the direct evaluation against fixed and formalized
assessment criteria. These criteria can be formulated as quantitative measures with a set/range of acceptable
values of these measures, i.e. quantitative tests. These tests seek to answer the question are we building the
system right? Example: Testing whether a component conforms to a standard.

To which system configuration does this test apply?
Colletopia
To which use case does this test apply?
Timescales of optimum collective self-supply in sustainable long term urban energy system planning
Formulate one paragraph of narrative summarizing the test and its purpose:
The study focuses on understanding under which circumstances investing into (acquifer underground seasonal) long
term storage is an efficient way to achieving sustainability objectives such as mitigating system CO2 emissions.
Different scenarios will thus be investigated (Business as usual, CO2 tax implementation, Urban changes etc.).
For each of the scenarios, test cases aim to analyse the sensitivity of the optimum energy systems architecture given
by the methodology, considering fluctuations of different parameters (eg. electricity prices). The purpose is to
characterize the validity domain of the solution.

2. Identification of test components
What is the System Under Test, i.e. which subset of the entire system configuration needs to be simulated in order to
achieve the test objective? (Note: In some cases this may be the entire system)
Entire local energy system (production, distribution, storage, useful energy)
What is the Object Under Investigation, i.e. which are the components of the System Under Test that are to be
characterized or validated?
Storage units
What is the Decision Variable Under Investigation, i.e. which of the system behaviour defined in the use case is to
be characterized, validated or verified?
Storage capacity
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3. Test criteria
Formulate the target metrics, i.e. a list of quantities in the context of the System Under Test which can be used to
qualify/quantify the test result with respect to the test objective.
Storage capacity
Define quality attributes for assessing an acceptable test result. In case of a characterization test, this may be the remaining model uncertainty. For verification tests, the acceptance threshold (worst case
for passing the test) is stated. For validation tests a criterion for ending the test execution is required.
-

Existence of a feasible solution
Fluctuation of the storage capacity +/- X%
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Appendix B: Input data survey results
B.1 AIT
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B.2 DTU

35

SmILES – 730936
D3.3
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

B.3 EDF #1
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B.4 EDF #2
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B.5 KIT (IAI)
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Appendix C: Example data file
<?xml version='1.0' encoding='UTF-8'?>
<dataset name="testdata" author="Oliver Gehrke, DTU">
<description>
This is a test data set to illustrate the structure of the
manifest.xml file.
</description>
<timeseries name="Weather data" file="weather.csv" time-column="1">
<description>
This is a timeseries of weather data.
</description>
<isochronous>yes</isochronous>
<resolution>5</resolution> <!--Resolution in seconds between
samples -->
<column name="windspeed" column="2" datatype="float">
<unit>m/s</unit>
<abs-accuracy>0.2</abs-accuracy>
<rel-accuracy>0.015</rel-accuracy>
<rawdata>no</rawdata>
<source>Meteorology mast, DTU Risoe campus</source>
<description>
Windspeed measured by cup anemometer 10m over terrain
</description>
<min-value>0</min-value>
<max-value>100</max-value>
</column>
<column name="validity" column="3" datatype="enum">
<enum-keys>
<key name="unknown" value="0"/>
<key name="valid" value="1"/>
<key name="invalid" value="2"/>
</enum-keys>
<description>
Validity of the measured data, based on the self-diagnosis of
the data acquisition system
</description>
</column>
</timeseries>
<table name="Reactive power characteristics" file="q_1.csv">
<description>
This is a P-vs-Q mapping table of the reactive power
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characteristics of a wind turbine. Intermediate values must be
interpolated linearly between the nearest known points.
</description>

<column name="P" column="1" datatype="float">
<unit>kW</unit>
<description>
Active power measured at terminals, generator counting system
</description>
<min-value>-2</min-value>
<max-value>15</max-value>
</column>
<column name="Q" column="2" datatype="float">
<unit>kVAr</unit>
<description>
Reactive power measured at terminals, generator counting
system
</description>
<min-value>-10</min-value>
<max-value>10</max-value>
</column>
</table>
<keyvalue name="gridcode" file="gridcode.csv">
</keyvalue>
</dataset>
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