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1 Introduction

The SmILES project aims at improving the knowledge on the integration of electrical and thermal storages
in local multi-energy systems. Transfers between energy carriers are expected to lead to a higher flexibility
and a better management of the energy infrastructure as a whole, in particular to support further integration
of intermittent renewable energies. To verify this, suitable study cases will be analyzed based on cross-
simulations using different methodologies available at the partner institutes (AIT, DTU, EDF, KIT,
VITO/EnergyVille). The overall procedure applied (described in deliverable D3.1) is based on a consistent
set of definitions and a logical distinction between system configurations (SC), use cases (UC), societal
contexts (reflecting on the Social, Technological, Environmental, Economic and Political contexts, aka.
STEEP) and test objectives, all of which together motivate the test cases and studies. Figure 1 shows the
relation between these elements in the testing procedure based on a simple example.

The system configuration is the fAstatico part of a sy
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.| n Fi gure 1, the simple example of a room and a
settingso.

Use cases 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 agoal. T wo possi bl e wiseg caiseeasr  Admad
a working sessiono) are shown in Figure 1.

The societal context reflects on 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.
The broad societal contexts of Spain and Sweden are used as examples in Figure 1.

A combination of {SC + UC + STEEP} defines the perimeter of the studies on local multi-energy systems.
Multiple test cases can be performed, depending on the test objective to achieve. Figure 1 gives the
example of a test case with the assessment of the good or poor performance of the lighting control in a
room where a group of persons is having diner in Spain.

System Configurations Use cases Societal contexts

o-

EOSwedenE
Y A i

Figure 1: Flow chart of the testing procedure
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A cross-simulation study refers to the r epl i cati on of one partneros
combination in another partner d6s mséntaryresaltsi on t ool

Information exchange between partners is facilitated by the development of standardized formats which
define a common structure for information and data. WP2 focuses on the development of a reference
description template for system configurations, i.e. the static components of the study cases on local hybrid
energy systems. The objective for WP2 is twofold:

i to assure an adequate and detailed description of local multi-energy system configurations
9 to list the necessary data to be collected for their simulation

The reference description form will be made public to support end-use dissemination, increased
collaboration and further cross-simulations between stakeholders involved in the field. This is embedded in
the overall SmILES projecto b j e c t detting upafsharedd at a and i nf ormati on

Previous work in deliverable D2.2 covered the selection and brief description of the system configurations,
using a simplified reference description template. In extension, this document (deliverable 2.3) contains the
first version of a detailed system configuration reference description form, and details the key criteria
considered for its development.

Sys

pl atf
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2 Design equirements

The development of the system configuration reference description form was guided by multiple
requirements. The key design criteria were defined during the working process of T2.3. A list of additional
requirements was identified based on experience with the development and use of the simplified SC
reference description form of D2.2 (see Appendix A), the selection of partner pairings for cross-simulation
studies and partner experience in modelling local multi-energy systems.

Requirement #
Editing flexibility R1 While some aspects of a SC description can be formalized (this applies in

particular to quantifiable information and object relations), others are
contextual and defy a rigid format. Therefore, a description format must
be able to hold free-text descriptions as well as coded information. Textual
paragraphs in a format easy to edit were considered the most appropriate
to provide for enough flexibility and freedom with regards to the
information the writer of the SC form would want to provide.

Documentation ofa | R2 The methodology for cross-simulation applied in SmILES is based on a
reference state clear division between the static components of a local multi-energy
system (documented in the system configuration form) and the dynamic
behaviour of certain components and their functional role in the system
(described as use cases and test cases). The description of embedded
control systems, i.e. the mechanisms governing the extrinsic behaviour of
a specific element, are not in the scope of the SC reference form and are
documented separately (cf D3.2 and D3.5). The same applies in principle
to exogenous influences on individual elements which are typically linked
to a particular test case, such as e.g. the air temperature during the testing
period. These are documented in D3.3 and D3.6.

However, some of these exogenous influences are not specific to a
particular use case or test case and are therefore relevant to include in
the SC definition. These are documented in the SC form as a
representation of a reference state of the local multi-energy system. Such
time series can cover for example yearly profiles of:

- Average temperature [°C]

- Average solar irradiation [kWh/mZ]

- Reference electrical consumption [kW]

Modularity of the R3 From the material available from the partners SCs, key description
description categories were identified and used to structure the simplified reference
architecture form presented in D2.2 (see Appen
descriptiono, fgemérual dechgsact d@ril
6t her mal |l ayoutd, the I ast two ca
Ainet wor ko and Afdecentralizedo se
bet ween energy fiproductiono, fAsto

in the breakdown architecture.

Considering potential SCs from external stakeholders, such a rigid
architecture would possibly not be exhaustive. Thus, the detailed
reference form should adopt a modular architecture to describe the
domains relevant to local multi-energy systems (for example electrical,
thermal, gas, compressed air etc.).

Adaptability on R4 Discussions between partners about simulation approaches, goals,
different levels of configurations, modelling approaches (for example lumped component
details model vs. disaggregated components) and scope (for example local vs.
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national scale) identified a crucial need for the reference form to be
adaptable to different levels of detail. For example, one SC could describe
buildings in an area, while another one may be limited to rooms inside one
building. In that sense, the format of the SC form should provide adequate
options with the choice of multip

Description R5 The system configuration is a detailed, technical description of an energy

categories of system (a list of energy domains, system components and their

components interrelations such as connectivity and hierarchy) and the inherent
properties of the components. i.e. component attributes and constraints.
All components should be sufficiently described with a harmonized
approach.

Documentation of R6 The description of the static components of SCs requires to define their

key characterization key characterization parameters. The SC form collects these parameters,

parameters but they are to be documented independently from any choice of
modelling.
For example, a hot water tank can be characterized by the maximum
temperature at the top and minimum temperature at the bottom [°C]. Such
parameters can be documented in the SC form. The modelling of the
internal temperature distribution could typically use a discretization of the
tank into a number of vertical layers with a homogeneous temperature.
Two choices of modelling could be, either to have a perfectly stratified
tank (two layers), or to discretize with a fine mesh. This choice should not
be mentioned in the SC form.

Interactions R7 Interactions between components must be documented. Two types of

between Averti calcéinbe distinguished:medations of containment (eg. a

components building can contain differents rooms) and relations of inheritance (eg. a
school is a type of building). AH o r i |zib nrt ealefiedt onintersaces and
interactions between components (eg. a gas boiler provides for the
heating needs of the school). All relations should be documented.

Compatibility with R8 Previous formats were issued in the scope of SmILES, eg. the Control

other templates of Function template (D3.2) and the format for input data (D3.3). The SC

SmILES description form should be in line, and reuse the formats when possible.

Compatibility with R9 Reqguirements from other work packages of SmILES also have an impact

requirements on the development of the SC reference description form and should be

identified from other considered when necessary.

WPs of SmILES

Compliance with R10 | When existing formats are available in the field, the SC description form

existing standards should rely on the standards available.

Machine readable R11 | Reference tables and time series documented in the SC reference form

data should be machine readable.

Graphical support R12 | For ease of reading, graphical representations should be used, in

particular for network diagrams or connections between components.
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3 System ConfiguratiofReference description form

The SC reference description form was developed to fulfill the requirements listed in section 2.

To enable the editing flexibility (R1) and to minimize the requirement for special tools, a word processor
document (OpenDocument Text or Word formats) was considered the most suitable format for the System
Configuration Reference Description Form.

Generic and cross-domains categories constitute the first half of the reference formé s s t rfiupcut ruproes e

of the document 0, fdocument historyo, Asystem confi gl
fclimated afgedgraphicsd0. | n apar tiheulishor t d sestionrshopld bie euseddorthec o nt e x
Shared Data and Information Platform (WP6). It includes a concise textual description of the SC with key

figures for a fast grasp of the core information on a web support. Keywords are attached to enable the

search index functionality (R9).

In order to comply with the requirements (R3) and (R
developed for an organized display of the static elements of the SCs. The system breakdown (SBD) gives

an overview of all elements which constitute the SC. The elements are categorized as classes. They are

organized on different branches of a tree to reflect on different domains and they are related to each other

on different fl eel(etl)dsta sub-edmpodenttotleévél §n). This EBD format with a tree

shape and a modular number of levels allows for sufficient flexibility to the writer for a complete description

of the SC and enough modularity to describe various SC structures, multiplicity of domains and levels of

detail.

There exist two types of fi v e r trélatoad b&tween a level (n) class and a level (n+1) class. Their
representation in the SBD is compliant with UML notations (R10).
1 Containment relation: a class-classkas aodo sub
Containment relations are depicted with a filled diamond (on the side of the container class) and a
solid line
1 Inheritance relation:asub-c | ass fiis ao subtype of its parent cl
Inheritance relations are depicted with an unfilled triangle (on the side of the parent class) and a
solid line. Inheritance relations suppose a transfer of the descriptive parameters from the parent
class to the inherited class.

The architecture of the SBD in hierarchical levels naturally enables the integration of such Averti cal f
relations. o r i z o nt a Ibéiweendnktantes af dasses (eg. a specific e-boiler provides for domestic

hot water in a specific building) were chosen not to be depicted on such a tree-shaped graphical
representation for easy readability. They reflect on energy and/or information exchanges and are
documented in the separate A e | e snm@méctionsiisection of the form (R7).

Gl obal exchange fl ows can be depicted in a separate
t he S CrfallowsTheasily grasp the relations and connections between classes of the SC (network

schemes, energy flows representations or information exchange between elements). It is compliant with
requirement (R12).

The instances of the different classescanbec har act er i zedsdas ¢ rhiep tiiied ednesnd ct i
are not listed in the SBD for easy readability. Ten description categories were identified sufficient for the

description of all classes that constitute the SCs (R5): functionality, interfaces, physical characteristics,
surroundings, quality, operation type, support, legal constraints and economics. A ficomment o ca
enables the writer to specify information that do not fit in the previous list.

I n particular, t he faedorysnabdea the spesificatianootf the key parametersd(R6¢,

with the documentation of the name, description and unit of each. In order to document the reference state

of the local multi-energy system (R2), numerical values can be specified throughout the reference form, in

the #fAclimateo, fgeographicsodo and felements descripti
documented using the formats previously defined in deliverable D3.3 (R8). According to this format, data

and metadata are combined in a zip archive. The zi p archive contains an XML
which provides information and metadata about all data contained in the zip file. Data i in the form of tables,

time series or key-value data - is stored in CSV files which are likewise contained in the zip archive. This

format is machine readable (R11).
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1 Purpose of the dokument

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. [.e. component attributes and constraints. The
system configuration Is the "stafic” 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 infarmation about the use of the system. The description of multi-energy system configurations includes - but is
not limited to - specific building typologies, local energy resaources available, electric and thermal networks, and embedded control layers.

This document constitutes the reference description form to facilitate and sef a standard for information exchanges between stakeholders on the
characterization of their System Configurations.

2 Document History

Date Version Description Author
XX=DOC-XH XX Description of update Name (organization)
13-02-18 1.0. 5C reference form structure Thuy-An Nguyen (EDF)
23-03-18 1.1 Reference form filled on simple example Thuy-An Nguyen (EDF)
03-05-18 12 Updated form after Copenhagen workshop Thuy-An Nguyen (EDF)
25-05-18 20 Updated version for D2.3 Thuy-An Nguyen (EDF)

3 General description

3.1 System configuration identification

ID Name

3 lefters and 3 digits for the SC identifier. The 3 digits represent the Name

successive evolution of a SC (right to left for evolutions more significant) Multi-Energy System Example
MES_001
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3.2 Short description of context

Context description

Free text paragraph fo describe the context of the system configuration, the project if might be related to efc.
Passibility to integrate graphical support (pictures, schemes efc.).

In a city of the North of France, the construction of an eco-district aims at promoting the solutions for sustainable and environmental-friendly
cities. The aim is to implement an autonomous heating system, relying on the diversity of the local heating consumption and production units.

Key figures Key words
- Descrpfion, value [unit] The list of authornized key words should be found on the “Shared Data
- Annual electrical consumption, XX [MWh/a] and Information platform” (WP86)
- Annual thermal consumption, XX [MWh/a] Multi-carriers
- Spatial coverage, XX [m?] 4" generation district heating network
Cogeneration
Decentralized heat pumps

10
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3.3 Climate

Climate conditions
The North of France features an oceanic climate (Ctb in the Kdppen-Geiger climate classification).
Solar irradiation ranges between 800 and 1200 kWh/m?

aw
.'\.

~}
il
DENMARK o
3 R
Y ) T MILARUS 3
Shi | POLAND 4 L

GERMANY.
“::5 : /'1“\--._

e L ey _ UKRAINE

g o Y
S HUNGARY, iy
: {7 ROMANIAL

Figure 2- Direct normal frradiation in Europe (Source: Global Solar Atlas by the World Bank Group)

The SC template also includes reference time series, which descnbe the reference state of the system configuration. Those time series can
include: outside temperature, solar radiation, reference end-user consumption etc.

The structure of all attached files in the SC template follow the structure of the tables and fime series as defined in D3.3.

Files attached

File 1D Description Units
MES_001_Tavg Average outside temperature at the location of the SC. [°C]
MES 001 _Solarlrr Average solar irradiation at the location of the SC. [KWh/m?]

11
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3.4 Geographics

Geographical characteristics
District surface: 5-15 ha

France L

Tosloute ~ Monian

" M e Marye e =

Bt
e,

!
AnfgE .
-~

Figure 3: Northern depariment of France

The SC template also includes reference geographical data, which describe the reference state of the system configuration. This can include for
example the geographical coordinates of 10 buildings monitored, scattered over 15 hectares.

Files attached
File ID Description Units

12
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4 System breakdown

The System Breakdown (SBD) gives an overview of all elements which constitute the SC. The elements are represented as classes in the SBD.
A tree shape enables a cafegorization of the classes on different domains, reflected by the branches of the tree. The classes are related to each
other on different “levels” (of defail).

There exist two types of relation between a level (n) class and a level (n+1) class. Their representation in the SBD is compliant with UML
notations.

- Containment relation: a class “has a” sub-class.
Containment relations are depicted with a filled diamond (on the side of the container class) and a solid line

- Inhentance relation: a sub-class “is a” subtype of its parent class
Inheritance relations are depicted with an unfilled triangle (on the side of the parent class) and a solid line
Inherifance relations suppose a transfer of the descriptive parameters from the parent class to the inherited class.

Buildings Buildings
Space heating Hospital

Figure 4: Example to ilustrars the contalnment relation (21 and inheritance relation (tight) Retween bwg clasies

Mulfiple architectures of SBD could be suitable to describe a given SC. The writer is responsible of developing one. As alf SC will include
different elements, and at different levels of details, na template can give an exhaustive list of the possibilities.
- Example 1: a SC includes the description of all electrical nodes.
=2 Add an element “electrical node™ at position 3.1.1 (in the SBD example below)
-  Example 2- a SC includes Electric Vehicles
= Two possibilities for suitable SBDs

13
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Level 0
Level 0
| Level 1 | Electrical ‘ | End |
infrastruct. Users
Level 1 | Ehch'ic:ll ‘ |MHN’ ‘ — ‘
| Level 2 ‘cumalx.l |Donenh‘£h¢‘ |mu | [ Fee |
Lewvel 2 Cemreler:. DenemrEle: Domestic Spacific =
huﬂu hot water electricity
| | |
Level 3 PV panels | Space Domestic Specific
Level 3 [ PV panels | heating hot water electricity

Eigure 5: two possible SBDs suitabls for. the placement of the. . Elecizic vehiclas * class

Each element of the SC should be placed only once in the System Breakdown architecfure. If an element has mulfiple purposes, the writer
should decide on which one s the dominant purpose.
- Example: the heat pumps supply thermal energy and absorb electrical energy. In the example SBD below, the deminant purpose is
thermal. An altemnative could have been fo locate the element 1.4.2 as 3.1.1, for example because the dominant purpose is to absarb
electrical power for stability purposes.

Each element can thus have a unique identifier in the System Breakdown architecture: AA BB.CC DD et

Interconnections between branches of the free are not allowed, possible interfaces befween components are described further down in the
document {section ).

14
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Level 0

Level 1

Level 2

Level 3

Example of System Breakdown:

SC Multi-Energy System Example ]

Heating
infrastructure
l | I l |
Centralized District heatg Decentr. heat Decentr.
heat suppliers network suppliers storages
A

|

o o
P

Q;%::H

.

- | Identifier of element in SBD

1

Waste heat

recovery (air
handling unit)

]

Waste heat
recovery (grey

water) -

HiSE S

[
Electrical
infrastruct.

|
BUIWF Monitoring

Decentr. Elec.
suppliers
A

PV panels

15
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5 Graphical representations of SC

This section contains graphical representations of the System Configuration. It refers to network schemes, energy flows representations or
information exchanges between elements of the SC.

5.1 Representation of interfaces between elements of SBD

Example of a schematic representation of energy exchanges from Collectopia (EDF)

Sun HeatGh Demanded HeatGh

—— 11—

RS

Exp ElecPy
ElecPy = , Elec
ElacCHP =

Heat Demanded Heat
mass
Natural Gas
—

—
IMpGas ] CHP I o2

— o

ImpElec

— ]

16
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Example of interactions from FlexOffice / Factory (KIT)

v

electrical grid] [ photovoltaic
generator

N
heat pum local thermal hot water
pump grid buffer
¥

electrical . concrete core
B radiators
devices [ ] activation

distr. heating grid

¥
air thermal
conditioning inertia

[ electrical domain
[ thermal domain

external influences

environment

17
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5.2 Network diagrams (electric, hydraulics etc.)

Example of integrated district heating network and electrical distrbution network from SmartDorf (AlT)

3 <+ <1 4
< < < ]
! a— < <~ <
| e ] I
E= = e )

< <+ =

o 4 <

R

5.3 Other

Other graphical representations.

18
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6 Elements connections

In the. System Breakdown, smisz mﬂm@i relations Q@M@m classes (containment or inhentance) are ﬁﬁm;:}:ﬂ;i Horizontal® mmmtmﬁ o

are are listed in M with:

- Name of the connecrion
- Typegfe xchang " hature of the energy and auﬁud/c-r information excha?i?ed
- Types of class connecred per definition, all inhented classes of a class listed in this column are aufomatically concemed

_ Comment

Name 1D Type of exchange Types of class connected Comment

Thermal supply | Th_sup Thermal energy Heating infrastructure Thermal supply, for example from the CHP plant to
Cooling infrastructure the district heating network
Buildings

Electncal supply | El_sup Electnical energy Heating infrastructure Electncal supply, for example:
Cooling infrastructure - from the grid to the auxiliary pumps of the CHF plant
Electrical infrastructure - from PV panels to the specific electricity needs of
Buildings some buildings

Heat conduction | Th_cond | Thermal energy Thermo-active foundations For example, there are thermo-active foundations in
Buildings buildings 1 and 2 but not 4
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7 Elements description

The table below is used to describe all elements of the SBD (quantity of information listed will depend on the level of the class in the SBD).

The example of a domestic hot water tank is given below.

ID in SBD 1D

1.5.1
Level in SED Digit

3
Responsible Name of respaonsible person (opfional)
Class Name Name

Domestic hot water buffers
Description Descripfion

This class contains all the information on the hot water tanks of the SC

Parent class

If this class inherits from a parent class
Decentralized storages (1.5)

Contained in If this class is contained in a container class
None
Requirements
Functionality What if does and why it 1s considered in the SC
Purpose Storage of hot water
Interfaces Interfaces between its parts and towards external world (eq. other elements of SBD)

Refer to connection type and ID (section 6)
Th_cond: Buildings 2, 3and 5

Physical charact.

List of main description parameters (Size, Mass, Volume efc.) - name, description, unit
Storage volume: volume of storage [m3]
Insulation thickness: thickness of insulation layer [mm]
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