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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 crosssimulations 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 “static” part of a system description. It 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. In Figure 1, the simple example of a room and a boat is used to illustrate two different “static
settings”.
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 a goal. Two possible use cases (“having diner” and “having
a working session”) 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.

Figure 1: Flow chart of the testing procedure
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A cross-simulation study refers to the replication of one partner’s system configuration/use case
combination in another partner’s simulation tool in order to provide complementary results.
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:



to assure an adequate and detailed description of local multi-energy system configurations
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 project objective of “setting up a shared data and information platform”.
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.
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2

Design requirements

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

Documentation of a
reference state

R2

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.

The methodology for cross-simulation applied in SmILES is based on a
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/m²]
- Reference electrical consumption [kW]

Modularity of the
description
architecture

R3

From the material available from the partners SCs, key description
categories were identified and used to structure the simplified reference
form presented in D2.2 (see Appendix A), namely with the list of “general
description”, “general characteristics”, “buildings”, “electrical layout” and
‘thermal layout”, the last two categories being broken into a “centralized”,
“network” and “decentralized” separation. In addition, the distinction
between energy “production”, “storage” and “consumption” was also used
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
different levels of
details

R4

Discussions between partners about simulation approaches, goals,
configurations, modelling approaches (for example lumped component
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 multiple “levels” by the writer.

Description
categories of
components

R5

The system configuration 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.
All components should be sufficiently described with a harmonized
approach.

Documentation of
key characterization
parameters

R6

The description of the static components of SCs requires to define their
key characterization parameters. The SC form collects these 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
between
components

R7

Interactions between components must be documented. Two types of
„vertical“ relations can be distinguished: relations of containment (eg. a
building can contain differents rooms) and relations of inheritance (eg. a
school is a type of building). „Horizontal“ relations reflect on interfaces and
interactions between components (eg. a gas boiler provides for the
heating needs of the school). All relations should be documented.

Compatibility with
other templates of
SmILES

R8

Previous formats were issued in the scope of SmILES, eg. the Control
Function template (D3.2) and the format for input data (D3.3). The SC
description form should be in line, and reuse the formats when possible.

Compatibility with
requirements
identified from other
WPs of SmILES

R9

Requirements from other work packages of SmILES also have an impact
on the development of the SC reference description form and should be
considered when necessary.

Compliance with
existing standards

R10

When existing formats are available in the field, the SC description form
should rely on the standards available.

Machine readable
data

R11

Reference tables and time series documented in the SC reference form
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 Configuration Reference 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 form’s structure: “purpose
of the document”, “document history”, “system configuration identification”, “short description of context”,
“climate” and “geographics”. In particular, the “short description of context” section should be reused for the
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 (R4), the architecture of a “System breakdown” was
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 “levels” (of detail). Level (n+1) is a sub-component of level (n). This SBD 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 “vertical” relations between a level (n) class and a level (n+1) class. Their
representation in the SBD is compliant with UML notations (R10).
 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
 Inheritance 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. 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 „vertical“
relations. „Horizontal“ relations between instances of classes (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 „elements connections“ section of the form (R7).
Global exchange flows can be depicted in a separate section, in the form of „graphical representations of
the SC“. This allows to easily 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 classes can be characterized in the “elements description” section, but they
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 “comment” category
enables the writer to specify information that do not fit in the previous list.
In particular, the “physical characteristics” category enables the specification of the key parameters (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 “climate”, “geographics” and “elements description” sections. Those numerical values are to be
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 zip archive contains an XML file named “manifest.xml”
which provides information and metadata about all data contained in the zip file. Data – 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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4

Discussion and outlook

A first version of the System Configuration reference description form has been developed to facilitate and
set a standard for the information exchange between stakeholders. Multiple requirements were identified
during the working process of T2.3. A balance had to be found between the requirements for the form to
be well-structured but sufficiently flexible, adptable and modular to cover the differences on multiple
domains of study or level of detail.
Towards a final version of the SC reference description form
The SC reference form is an element of a broader collection of documents, developed within the work
packages 2, 3 and 4, which fully describe a simulation study as depicted in Figure 1. Coherence between
the forms is necessary to support the cross-simulation activities of work package 5. It is most likely that
information will arise from the work done in these other work packages of the SmILES project, regarding
information missing from the first version of the SC reference form. Lessons learned will be compiled from
the execution of cross-case simulations (starting with the activity of T4.1 supporting the work on component
model harmonisation). Reference data will also be collected to fully describe the objects for each SC of
interest. Regular updates will be performed in order to refine the SC reference description form. The final
version and the associated reference data collection will be included in deliverable D2.4.
Interviews
As part of ongoing work, interviews are being set up with project representatives of the different national
projects to get a better understanding of social, economic and regulatory drivers and barriers associated
with the local SC / UC combinations. A number of interviews have already been carried out for the cases
in Belgium and Denmark, and these will be complemented with additional interviews to provide full coverage
of the SmILES cases.
Results of the interviews will flow into the upcoming SmILES work in two complementary ways. First, as
part of the development of reference description forms (T2.3), the interviews will be used to refine the
description of the STEEP context template previously developed under T2.2 (see Appendix B). The set-up
of the interviews, main results, as well as the refinement of the STEEP context description will be reported
on under deliverable D2.4. Second, as part of the analysis of upscaling potentials (T5.5), the interviews are
intended to deliver insights about the upscaling potential of local multi-energy and storage solutions vis-avis social, economic and regulatory drivers and barriers. These qualitative insights will be combined with
the quantitative analysis of upscaling potential carried out with the Belgium TIMES model, which will be
described in deliverable D5.5.
Ethics
No ethics issues were identified in this deliverable.
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Appendix A: Simplified reference description form for System Configurations
from D2.2
A. General description

B. General characteristics
(Eg. District surface, specific localization etc.)

C. Buildings
(eg. Typologies, footprint, insulation, orientation, density, roof inclination, construction year etc.)

D. Electrical layout
D.1.1. Production

D.1. Centralized

D.1.2. Storage

D.2.
Network
D.3.1. Production

D.3.2. Storage
D.3.
Decentralized
D.3.3. Consumption
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E. Thermal layout
E.1.1. Production

E.1. Centralized

E.1.2. Storage

E.2.
Network
E.3.1. Production

E.3.2. Storage
E.3.
Decentralized
E.3.3. Consumption
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Appendix B: Simplified reference description form for STEEP context from D2.2
A. General description

B. Social aspects
B.1. Users

B.2. Socio-demographics

B.3. Dominant views and attitudes towards smart energy technology

B.4. Other

C. Technological aspects
C.1. Renewable energy mix in the context of the SC (e.g. national or regional scale)
C.2. Other

D. Environmental aspects
D.1. Local availability of energy sources

D.2. Climate conditions

D.3. Other
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E. Economic aspects
E.1. Market players

E.2. Energy tariffs (electricity, gas, heat)

E.3. Market regulation and metering

E.4. Other

F. Political aspects
F.1. Main policy vision

F.2. Incentives for renewable energy and storage

F.3. Regulation free zones

F.4. Other
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Appendix C: Reference description forms filled by AIT

System Configuration Description
SmartDorf (AIT)

Table of content
System Configuration Description........................................................................................................................................................................................................................ 1
1

Purpose of the document ............................................................................................................................................................................................................................. 2

2

Document History .......................................................................................................................................................................................................................................... 2

3

General description ....................................................................................................................................................................................................................................... 2
3.1

System configuration identification ..................................................................................................................................................................................................... 2

3.2

Short description of context ................................................................................................................................................................................................................. 3

3.3

Climate.................................................................................................................................................................................................................................................... 4

3.4

Geographics .......................................................................................................................................................................................................................................... 4

4

System breakdown ........................................................................................................................................................................................................................................ 5

5

Graphical representations of SC ................................................................................................................................................................................................................. 6
5.1

Diagram of the integrated district heating and electrical distribution network .............................................................................................................................. 6

6

Elements connections ................................................................................................................................................................................................................................... 7

7

Elements description ..................................................................................................................................................................................................................................... 8

1

1 Purpose of the document
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.
This document describes the System Configuration from AIT “SmartDorf”.

2 Document History
Date
22-05-18

Version
1.0.

Description
First version of SC in new description form

Author
Benedikt Pesendorfer (AIT)

3 General description
3.1 System configuration identification
ID

Name

SMD_001

SmartDorf

2

3.2 Short description of context
Context description
SmartDorf is a fictional village or part of a small town with a structure typical for the rural area of Austria. It is hosting a small number of
residential homes, offices and workshops. A high share of the building stock is connected to a district heating network that is supplied by a
central gas-fired boiler. Generation from rooftop photovoltaic power plants covers a significant part of the annual electric energy demand.
Electric boilers are installed in the district heating network with the aim to further increase the self-consumption of photovoltaic generation at a
network scale. A schematic of the system configuration is presented in Figure 1.

Figure 1: schematic of the concept of the “SmartDorf” system configuration
Key figures
- Total annual electricity demand: ~ 500 [MWh/a]
- Total annual heat demand: ~ 1200 [MWh/a]
- Area: ~ 30000 [m²]

Key words
High PV generation
Electric boilers
Coupled heat and electric networks

3

3.3 Climate
Climate conditions
Climate is typical for Central Europe with its moderately warm summers and cold winters. Solar irradiation ranges between 800 and 1200
kWh/m².

3.4 Geographics
Geographical characteristics
District surface: ~3 ha

4

4 System breakdown

5

5 Graphical representations of SC
5.1 Diagram of the integrated district heating and electrical distribution network

Figure : schematic diagram of the thermal and electric network in SmartDorf

6

6 Elements connections
Name
Fluid port

ID
FluidPort

Type of exchange
Fluid state and mass
flow

Types of class connected

Comment
Interface for fluid flow

Heat port

HeatPort

Temperature and heat
flow rate

Interface for heat flow

Electric power
port

ElPort

Potential and current

Interface for electric power flow

7

7 Elements description
ID in SBD
Level in SBD
Class Name

1
1
Electric network

Description

This element represents an interconnection of electrical components.

Parent class

-

Contained in

SmartDorf

Requirements
Functionality
Purpose

An electric network can contain numerus different components that are interconnected with the purpose of delivering electricity
from producers to consumers.

Interfaces

-

Physical
Nominal frequency [Hz]
charact.
Instances characterization
Number of
1
elements in
SC
ID in
Grid
simulation

8

ID in SBD
Level in SBD
Class Name

1.1
2
External grid

Description

This element is used to represent an external grid.

Parent class

-

Contained in

Electric network

Requirements
Functionality
Purpose

The external grid controls the voltage, the angle and the frequency of the busbar to which it is connected.

Interfaces

ElPort

Physical
charact.
Instances characterization
Number of
1
elements in
SC
ID in
ElmXnet
simulation

9

ID in SBD
Level in SBD
Class Name

1.2
2
Line

Description

This element is used to represent cables or lines of an electric network.

Parent class

-

Contained in

Electric network

Requirements
Functionality
Purpose

Lines connect two nodes of an electric network.

Interfaces

ElPort

Physical
charact.

Line length [km]
Line resistance [Ω/km]
Line capacitance [nF/km]
Rated current [kA]

Instances characterization
Number of
114
elements in
SC
ID in
ElmLne
simulation

10

ID in SBD
Level in SBD
Class Name

1.3
2
Transformer

Description

This element is used to transform the voltage level from a high voltage side to a low voltage side.

Parent class

-

Contained in

Electric network

Requirements
Functionality
Purpose

The transformer transforms the voltage level of the node connected to the primary side to the voltage level of node connected
the secondary side.

Interfaces

ElPort

Physical
charact.

Rated apparent power [MVA]
Rated voltage HV-Side [kV]
Rated voltage LV-Side [kV]

Instances characterization
Number of
1
elements in
SC
ID in
ElmTra
simulation

11

ID in SBD
Level in SBD
Class Name

1.4
2
Node

Description

Nodes are the elements of an electric network to which other elements can be connected.

Parent class

-

Contained in

Electric network

Requirements
Functionality
Purpose

A node connects the lines, generators, loads, etc. that are connected to it.

Interfaces

ElPort

Physical
Nominal voltage [V]
charact.
Instances characterization
Number of
116
elements in
SC
ID in
ElmTerm
simulation
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ID in SBD
Level in SBD
Class Name

2
1
District heating network

Description

This element represents an interconnection of fluid and heat components.

Parent class

-

Contained in

SmartDorf

Requirements
Functionality
Purpose

A district heating network can contain numerus different components that are interconnected with the purpose of delivering
heat from producers to consumers.

Interfaces

-

Physical
charact.

Supply temperature range [°C]
Return temperature range [°C]
Annual heat demand [MWh]
Design heat load [kW]

Instances characterization
Number of
1
elements in
SC
ID in
Grid
simulation

13

ID in SBD
Level in SBD
Class Name

2.1
2
Gas-fired boiler

Description

This element describes a gas-fired boiler. It uses gas to generate heat.

Parent class

-

Contained in

District heating network

Requirements
Functionality
Purpose

The gas-fired boiler heats water and thereby increases the temperature of the fluid to a specified temperature level. It converts
gas to heat at a specific efficiency. The maximum heat generation is limited by the size of the boiler.

Interfaces

FluidPort

Physical
charact.
Instances characterization
Number of
1
elements in
SC
ID in
GasBoiler
simulation
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ID in SBD
Level in SBD
Class Name

2.2
2
Substation

Description
Parent class

This element is used to hydraulically separate two fluid networks and transfer heat from one to the other, e.g., from the main
district heating network to a building’s heating system.
-

Contained in

District heating network

Requirements
Functionality
Purpose

The substation hydraulically splits the primary and secondary side of the district heating network and allows a heat transfer
between them.

Interfaces

FluidPort

Physical
charact.

Temperature difference between primary and secondary side [K]
Design heat load condition [kW]
Minimum designed supply temperature on the secondary side [K]
Design temperature drop on the primary side [K]

Instances characterization
Number of
~20
elements in
SC
ID in
Subst
simulation

15

ID in SBD
Level in SBD
Class Name

2.3
2
Pipe

Description

Parent class

This element is used to transport a fluid from one port to the other and thereby hydraulically connecting two elements of a fluid
network. Commonly, hot water is transported in supply lines from a central heat generator to the consumer’s substation to
supply heat. The cold water is then transported back to the central station through dedicated return lines.
-

Contained in

District heating network

Requirements
Functionality
Purpose

The pipe in a district heating network is used to transport water from one point to another. Depending on the insulation of the
pipe, the surrounding temperature etc. the temperature of the fluid that is transported through the pipe changes.

Interfaces

FluidPort
HeatPort

Physical
charact.

Length [m]
Diameter [cm]
Thickness of insulation [cm]
Thermal conductivity of pipe insulation [W/(m*K)]
Nominal mass flow [m3/s]
Instances characterization
Number of
~50
elements in
SC
ID in
Pipe
simulation
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ID in SBD
Level in SBD
Class Name

2.4
2
Pump

Description
Parent class

This element describes a pump that is used to move a fluid by mechanical action. Pumps are used in district heating networks
to transport the water within the network.
-

Contained in

District heating network

Requirements
Functionality
Purpose

The pump is used to move a fluid and thereby generate a mass flow in a defined direction.

Interfaces

FluidPort

Physical
charact.
Instances characterization
Number of
~4
elements in
SC
ID in
Pump
simulation
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ID in SBD
Level in SBD
Class Name

3
1
Building

Description

This element describes a building.

Parent class

-

Contained in

SmartDorf

Requirements
Functionality
Purpose
Interfaces

A building serves as a living space, work place, to store belongings, etc. In the context of SmartDorf a building is represented
by a possible space heating demand, hot water demand, electric power demand and rooftop photovoltaic generation. These
profiles thereby define the type of building (e.g., office, school or single family home)
-

Physical
charact.
Instances characterization
Number of
~60
elements in
SC
ID in
Building
simulation
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ID in SBD
Level in SBD
Class Name

3.1
2
Space heating demand

Description

This element describes the space heating demand of a building.

Parent class

-

Contained in

Building

Requirements
Functionality
Purpose

The space heating demand of a building results from the need to keep the room temperature in the building around a specific
temperature.

Interfaces

HeatPort

Physical
Peak heat load [kW]
charact.
Annual heat demand [kWh]
Instances characterization
Number of
~60
elements in
SC
ID in
SHdemand
simulation
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ID in SBD
Level in SBD
Class Name

3.2
2
Hot water demand

Description

This element describes the hot water demand of a building.

Parent class

-

Contained in

Building

Requirements
Functionality
Purpose

The hot water demand of a building results from the need to supply hot water for different purposes (e.g., showering or tap
water).

Interfaces

HeatPort

Physical
Peak heat load [kW]
charact.
Annual heat demand [kWh]
Instances characterization
Number of
~60
elements in
SC
ID in
DHWdemand
simulation
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ID in SBD
Level in SBD
Class Name

3.3
2
Electric power demand

Description

This element describes the electric power demand of a building.

Parent class

-

Contained in

Building

Requirements
Functionality
Purpose

The electric power demand of a building results from the need supply different devices with electricity (e.g., a washing machine
or fridge).

Interfaces

ElPort

Physical
Peak heat load [kW]
charact.
Annual heat demand [kWh]
Instances characterization
Number of
~60
elements in
SC
ID in
ELdemand
simulation
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ID in SBD
Level in SBD
Class Name

3.4
2
Photovoltaic generation

Description

This element describes the photovoltaic generation of a building.

Parent class

-

Contained in

Building

Requirements
Functionality
Purpose
Interfaces

The photovoltaic generation of a building is the result of an installed photovoltaic power plant, typically on the roof of a building.
It uses solar radiation to generate electric power that can be used to supply the electric demand of a building or feed in an
electric network.
ElPort

Physical
Peak generation [kW]
charact.
Annual generation [kWh]
Instances characterization
Number of
~30
elements in
SC
ID in
PVgen
simulation
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ID in SBD
Level in SBD
Class Name

4
1
Electric boiler

Description
Parent class

This element describes an electric boiler that can be used to convert electricity into heat and store the heat in a water tank for
a period of time.
-

Contained in

SmartDorf

Requirements
Functionality
Purpose
Interfaces

An electric boiler converts electric power into heat at a specific efficiency and thereby increases the temperature of water in
the boiler’s water tank. The hot water in the tank can be supplied to a district heating network. The boiler is thereby connected
to a return and a supply line of a district heating network.
FluidPort
HeatPort
ElPort

Physical
Maximum electric power [kW]
charact.
Size of water tank [m3]
Instances characterization
Number of
3
elements in
SC
ID in
ElBoiler
simulation
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1

Purpose of the document

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.
This document describes the System Configuration from DTU “Nordhavn”.

2

Document History
Date
30-05-18

3

Version
1.0

Description

Author
Oliver Gehrke (DTU)

First issue for D2.3

General description

3.1 System configuration identification
ID
NHN_001

Name
Nordhavn

3

3.2 Short description of context
Context description
Nordhavn is a former industrial harbour area in Copenhagen which is in the process of being transformed into a new district. Until the year 2050,
Nordhavn is planned to have 40.000 residents and 40.000 work places. The ambition is to use it as a testbed for energy technologies, supporting
Copenhagen's goal to become carbon neutral in 2025.
The entire Nordhavn area consists of Iand reclaimed from the sea in several stages over the last 100 years as the growing sea trade could not
be accommodated in the city center anymore. Following the deindustrialization of Copenhagen in the late 20th century, a masterplan was
developed, dividing the area into a number of islets separated by canals and basins. Each of these islets is developed as an independent local
district, supporting long-term development in stages.

4

Key figures
- Annual electrical consumption [MWh/a]
- Annual thermal consumption [MWh/a]
- Spatial coverage [m²]

Key words
Urban energy networks
4th generation district heating network

3.3 Climate
Climate conditions
Copenhagen is in the oceanic climate zone (Köppen classification: Cfb). Temperatures are moderated by the ocean, with average winter
temperatures around 0°C and average summer temperatures around 20°C. Precipitation is moderate and corresponds to continental Europe.
Due to the high latitude of 55°N, solar irradiation is strongly seasonal, with day lengths varying between 7h in December and 17h in June. Due
to the low elevation and proximity to the ocean, Denmark has good wind resources.

5

3.4 Geographics
Geographical characteristics
The entire Nordhavn area covers about 4 km² (400 ha), of which approx. 3.2 km² (320 ha) is land area (the remaining area is water surface in
harbor basins and canals). Århusgadekvarteret, the first neighborhood with significant and dense development, covers about 0.2 km² (20 ha).
It is located centrally in the urban area of Copenhagen which has about 1.3 million inhabitants (2.0 million in the metropolitan area).
The Nordhavn area is flat at a height of 2-3 meters above sea level, consistent with its former use as a commercial port. Nordhavn is a
peninsula which has been gradually built into the Øresund strait over the past 100 years. The peninsula is narrow at its connection to the
mainland; all present transport and energy infrastructure is constrained by this bottleneck.
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4

System breakdown

7

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 Electrical and thermal network
Electrical network drawn in red, district heating network drawn in blue. More detailed drawings will be included in subsequent versions of this
document.
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6

Elements connections

Name

ID

Type of exchange

Types of class connected

Comment

9

7

Elements description

Not all of the elements of the System Breakdown are currently listed in the element descriptions below. Additional elements were included in the
System breakdown because the model is expected to become more detailed and complex during the course of the project. The current model
only uses the elements in the list.

7.1 Residential electricity consumer
ID in SBD
Level in SBD
Class Name

3.3.4
3
Residential electricity consumer

Description

This class represents the electrical loads of a residential building (or the residential portion of a building in case of mixed
use). In multi-apartment buildings, each instance represents the lumped behaviour of all residential units in the building.

Parent class

DER units / Electricity

Contained in

None

Requirements
Functionality
Purpose

Consumption of electricity

Interfaces

P: Electrical busbar

Physical
charact.

Floor area: Size of residential area [m2]
Residence type (apartment building/single family house)

Surroundings

-

Quality

-
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Operation
type

Not influencable (consumption profile)

Support

-

Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
Approx. 50
elements in
SC
ID in
TBD
simulation
Files attached -
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7.2 Retail electricity consumer
ID in SBD
Level in SBD
Class Name

3.3.5
3
Retail electricity consumer

Description

This class represents the electrical loads of the retail and office spaces in a building (or the retail/office portion of a building in
case of mixed use). In multi-apartment buildings, each instance represents the lumped behaviour of all retail/office units in
the building.

Parent class

DER units / Electricity

Contained in

None

Requirements
Functionality
Purpose

Consumption of electricity

Interfaces

P: Electrical busbar

Physical
charact.

Floor area: Size of retail/office area [m2]
Consumer type (Retail/Office)

Surroundings

-

Quality

-

Operation
type

Not influencable (consumption profile)

Support

-

12

Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
6
elements in
SC
ID in
TBD
simulation
Files attached -
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7.3 Residential heat consumer
ID in SBD
Level in SBD
Class Name

3.2.1
3
Residential heat consumer

Description

This class represents the heat demand of a residential building (or the residential portion of a building in case of mixed use).
In multi-apartment buildings, each instance represents the lumped behaviour of all residential units in the building.

Parent class

DER units / Heat

Contained in

None

Requirements
Functionality
Purpose

Consumption of heat

Interfaces

P: Heat exchanger

Physical
charact.

Floor area: Size of residential area [m2]
Insulation class (BR2010/BR2015/BR2020)
Residence type (apartment building/single family house)

Surroundings

-

Quality

-

Operation
type

Not influencable (consumption profile)

Support

-
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Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
Approx. 50
elements in
SC
ID in
TBD
simulation
Files attached -
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7.4 Retail heat consumer
ID in SBD
Level in SBD
Class Name

3.2.2
3
Retail heat consumer

Description

This class represents the heat demand of the retail and office spaces in a building (or the retail/office portion of a building in
case of mixed use). In multi-apartment buildings, each instance represents the lumped behaviour of all retail/office units in
the building.

Parent class

DER units / Heat

Contained in

None

Requirements
Functionality
Purpose

Consumption of heat

Interfaces

P: Heat exchanger

Physical
charact.

Floor area: Size of retail/office area [m2]
Insulation class (BR2010/BR2015/BR2020)
Consumer type (Retail/Office)

Surroundings

-

Quality

-

Operation
type

Not influencable (consumption profile)

Support

-
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Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
6
elements in
SC
ID in
TBD
simulation
Files attached -
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7.5 PV system
ID in SBD
Level in SBD
Class Name

3.3.1
3
PV system

Description

This class represents a photovoltaic system, including grid-tie inverter.

Parent class

DER units / Electricity

Contained in

None

Requirements
Functionality
Purpose

Production of electricity

Interfaces

P: Electrical busbar

Physical
charact.

Generator rating: Sum of all module (DC) power ratings under standard conditions [kW]
Inverter maximum power: Sum of the maximum (not rated) AC power of all inverters [kW]
Inverter efficiency curve [%]
Orientation (azimuth and inclination, per group of modules) [°]

Surroundings

-

Quality

-

Operation
type

Autonomous: assuming MPP tracked while DC input greater than inverter losses, assuming constant power tracking at inverter
maximum power (MPP disabled).

Support

-
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Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
1
elements in
SC
ID in
TBD
simulation
Files attached -
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7.6 Battery
ID in SBD
Level in SBD
Class Name

3.3.2
3
Battery

Description

This class represents an electrochemical storage system, including grid-tie inverter.

Parent class

DER units / Electricity

Contained in

None

Requirements
Functionality
Purpose

Storage of electricity

Interfaces

P: Electrical busbar
Charge/discharge setpoint: Control center

Physical
charact.

Nominal capacity: Storage capacity at C10 [kWh]
Rated discharge power: Rated AC power output to the grid [kW]
Rated charge power: Rated AC power input from the grid [kW]
Charge efficiency curve [%]
Discharge efficiency curve [%]
Reactive power capability (symmetrical) [kVAr]

Surroundings

-

Quality

-

Operation
type

Active power setpoint, reactive power setpoint
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Support

-

Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
1
elements in
SC
ID in
TBD
simulation
Files attached -
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7.7 EVSE
ID in SBD
Level in SBD
Class Name

3.3.3
3
EVSE

Description

This class represents an electrical vehicle charging station (electrical vehicle support equipment), including power electronic
converter(s) if required.

Parent class

DER units / Electricity

Contained in

None

Requirements
Functionality
Purpose

Consumption of electricity

Interfaces

P: Electrical busbar
Charge limit setpoint: Aggregator

Physical
charact.

Rated charge power: Rated AC power input from the grid [kW]
Equipment type: AC charger/DC charger
Number of phases: 1ph or 3ph
Reactive power capability (symmetrical) [kVAr]

Surroundings

-

Quality

-

Operation
type

Autonomous, charge limit setpoint, reactive power setpoint

Support

-
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Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
1
elements in
SC
ID in
TBD
simulation
Files attached -
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7.8 Electrical line
ID in SBD
Level in SBD
Class Name

1.2.1
3
Cable/Line

Description

This class represents an electrical three-phase conductor, either a cable or an overhead line.

Parent class

Electrical infrastructure / Passive

Contained in

None

Requirements
Functionality
Purpose

Carrier of electrical current

Interfaces

P: Electrical busbar

Physical
charact.

Length [km]
Conductor type
Specific resistance [Ohm/km]
Specific inductance [mH/km]
Specific capacitance [µF/km]

Surroundings

-

Quality

-

Operation
type

Passive element

Support

-
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Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
Approx. 35
elements in
SC
ID in
TBD
simulation
Files attached -
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7.9 Electrical busbar
ID in SBD
Level in SBD
Class Name

1.2.4
3
Busbar

Description

This class represents an (ideal) electrical interconnection point / node in the network.

Parent class

Electrical infrastructure / Passive

Contained in

None

Requirements
Functionality
Purpose

Connection or interconnection of several electrical circuits

Interfaces

P, Q, U, f: Electrical line, transformer

Physical
charact.
Surroundings

None (ideal connection point)

Quality

-

Operation
type

Passive

Support

-

Legal
constraints

-

-
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Economics

-

Other,
comments

-

Instances characterization
Number of
Approx. 20
elements in
SC
ID in
TBD
simulation
Files attached -
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7.10 Electrical transformer
ID in SBD
Level in SBD
Class Name

1.2.2
3
Transformer

Description

This class represents an ideal, i.e. lossless transformer in the electrical network

Parent class

Electrical infrastructure / Passive

Contained in

None

Requirements
Functionality
Purpose

Transport of electrical energy between different voltage levels

Interfaces

P, Q, U, f: Busbar

Physical
charact.

U1: Primary voltage [V]
U2: Secondary voltage [V]

Surroundings

-

Quality

-

Operation
type

Passive

Support

-

Legal
constraints

-
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Economics

-

Other,
comments

-

Instances characterization
Number of
Approx. 5
elements in
SC
ID in
TBD
simulation
Files attached -
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7.11 Infinite electrical source
ID in SBD
Level in SBD
Class Name

1.2.5
3
Infinite electrical source

Description

This class represents a strong electricity grid with the properties of an "infinite busbar", i.e. an inexhaustible source of
electrical current at a constant voltage. It is used as the equivalent of the electrical transmission network, under the
assumption that the combined electricity demand in the simulated neighborhood is very small in comparison to the entire
grid's demand. Demand fluctuations within the scope of the simulation will therefore not influence the availability or voltagea
and frequency of the source.

Parent class

Electrical infrastructure / Passive

Contained in

None

Requirements
Functionality
Purpose

Source of electrical energy

Interfaces

P, Q, U, f: Transformer, Line/Cable

Physical
charact.

Rated voltage [V]
Rated frequency [Hz]

Surroundings

-

Quality

-

Operation
type

Passive element
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Support

-

Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
1
elements in
SC
ID in
TBD
simulation
Files attached -
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7.12 District heating pump
ID in SBD
Level in SBD
Class Name

2.1.2
3
Pump

Description

This class represents a pump integrated into a branch of the district heating network in order to regulate the pressure in
different parts of the network.

Parent class

Heat infrastructure / Active

Contained in

None

Requirements
Functionality
Purpose

Regulating the pressure in a section of the district heating network.

Interfaces

Pressure, flow: District heating pipe

Physical
charact.
Surroundings

Maximum head [m]

Quality

-

Operation
type

Differential pressure control

Support

-

Legal
constraints

-

-
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Economics

-

Other,
comments

-

Instances characterization
Number of
Approx. 10
elements in
SC
ID in
TBD
simulation
Files attached -
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7.13 District heating pipe
ID in SBD
Level in SBD
Class Name

2.2.2
3
District heating pipe

Description

This class represents a segment of a district heating circuit, consisting of two parallel, insulated pipes.

Parent class

Heat infrastructure / Passive

Contained in

None

Requirements
Functionality
Purpose

Carrier of heated water

Interfaces

P: Connector

Physical
charact.

Length [km]
Pipe type
Diameter [mm]
Thermal losses per length of pipe [W/m*K] (Note that this value applies to each of the two pipes in the parallel pair).

Surroundings

-

Quality

-

Operation
type

Passive element

Support

-
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Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
Approx. 40
elements in
SC
ID in
TBD
simulation
Files attached -
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7.14 Heat exchanger
ID in SBD
Level in SBD
Class Name

2.2.4
3
Heat exchanger

Description

This class represents a heat exchanger in a district heating network. In the current model, heat exchangers are only used at
the edges of the network, i.e. at the connection to a heat source or heat consumer.

Parent class

Heat infrastructure / Passive

Contained in

None

Requirements
Functionality
Purpose

Decoupling of heating circuits

Interfaces

P: District heating pipe
P: Residential heat consumer
P: Retail heat consumer
P: Infinite heat source

Physical
charact.

Rated thermal power [kW]
Loss coefficient [%]

Surroundings

-

Quality

-

Operation
type

Passive element
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Support

-

Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
Approx. 50
elements in
SC
ID in
TBD
simulation
Files attached -
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7.15 Infinite heat source
ID in SBD
Level in SBD
Class Name

2.2.5
3
Infinite heat source

Description

This class represents an open district heating circuit containing an inexhaustible source of heat at a constant forward
temperature. It is used as the equivalent of the city's heat transmission network, under the assumption that the combined
heat consumption in the simulated neighborhood is very small in comparison to the entire city's demand. Demand
fluctuations within the scope of the simulation will therefore not influence the availability or forward temperature of the source.

Parent class

Heat infrastructure / Passive

Contained in

None

Requirements
Functionality
Purpose

Source of district heating energy

Interfaces

P: Heat exchanger

Physical
charact.
Surroundings

Forward temperature [°C]

Quality

-

Operation
type

Passive element

Support

-

-
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Legal
constraints

-

Economics

-

Other,
comments

-

Instances characterization
Number of
1
elements in
SC
ID in
TBD
simulation
Files attached -
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7.16 Ohmic grid integrated booster heater
ID in SBD
Level in SBD
Class Name

3.1.2
3
Ohmic grid booster heater

Description

This class represents a resistive heating element which is integrated into/attached to a district heating circuit in a weak
section of the network. By converting electrical power to heat, bottlenecks in the network can be mitigated by raising the
forward temperature locally.

Parent class

DER units / bridging units

Contained in

None

Requirements
Functionality
Purpose

Raising the forward temperature locally in a district heating circuit

Interfaces

P: Pipe

Physical
charact.
Surroundings

Rated electrical power [kW]

Quality

-

Operation
type

Power setpoint controlled, either in steps or continuously.

Support

-

Legal
constraints

-

-
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Economics

-

Other,
comments

-

Instances characterization
Number of
10
elements in
SC
ID in
TBD
simulation
Files attached -
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7.17 Control center
ID in SBD
Level in SBD
Class Name

4.1
2
Control center

Description

This class represents a network control center, either for an electrical distribution network or for a district heating network.

Parent class

Supervisory control

Contained in

None

Requirements
Functionality
Purpose

Monitoring the state of the network and coordinating actions to influence the state of the network (e.g. reconfiguration, activation
of utility-controlled assets etc.)

Interfaces
Physical
charact.
Surroundings

Update rate of SCADA system [s]

Quality

-

Operation
type

Complex; described by exchangeable control functions depending on test case.

Support

-

Legal
constraints

Competition laws, regulatory demands

-
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Economics

-

Other,
comments

-

Instances characterization
Number of
2
elements in
SC
ID in
TBD
simulation
Files attached -
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7.18 Aggregator
ID in SBD
Level in SBD
Class Name

4.4
2
Aggregator

Description

This class represents an aggregator of flexible electrical assets. Both the technical aggregator and the market actor are
included in this class.

Parent class

Supervisory control

Contained in

None

Requirements
Functionality
Purpose

Monitoring the state of a number of flexible assets and bidding the flexibility into an energy services market. Once the bid has
been won, control the portfolio of assets to achieve the contracted service response.

Interfaces

P setpoints: DER units

Physical
charact.
Surroundings

Roundtrip response time of control&command infrastructure [s]

Quality

-

Operation
type

Complex; described by exchangeable control functions depending on test case.

Support

-

Legal
constraints

Competition laws, regulatory demands

-
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Economics

-

Other,
comments

-

Instances characterization
Number of
2
elements in
SC
ID in
TBD
simulation
Files attached -
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System Configuration Description
Collectopia (EDF)

Content
Reference description form for System Configurations ............................................................................................................................................................................................ 1
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3.4
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5.1
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Elements connections ....................................................................................................................................................................................................................................... 9

7

Elements description ...................................................................................................................................................................................................................................... 10

1

1

Purpose of the document

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.
This document describes the System Configuration from EDF “Collectopia”.

2

3

Document History
Date
18-05-18

Version
1.0.

30-05-18

1.1.

Description
SC reference form filled for Collectopia

Author
Stephan Seidelt (EDF)

Integration for deliverable D2.3

Thuy-An Nguyen (EDF)

General description

3.1 System configuration identification
ID
COL_001

Name
Collectopia

2

3.2 Short description of context
Context description
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 system configuration described here is derived from the project proposal. The aim is to implement an autonomous heating system,
relying on the diversity of the local heating consumption and production units.

Figure 1: schematic of the concept of the „Collectopia“ system configuration1

Key figures
Spatial coverage 5-15 ha

1

Key words
Long-term thermal storage
4th generation district heating network
Greenhouse

Schematic and concept from A2E « Atelier d’Etudes Environnementales »,
3

3.3 Climate
Climate conditions
The North of France features an oceanic climate (Cfb in the Köppen-Geiger climate classification).
Solar irradiation ranges between 800 and 1200 kWh/m²

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

Files attached
File ID

Description

Units

4

3.4 Geographics
Geographical characteristics
District surface: 5-15 ha

Figure 3: Northern department of France

Files attached
File ID

Description

Units

5

4

System breakdown

6

5

Graphical representations of SC

5.1 Representation of interfaces between elements of SB
All available technologies and components of the Collectopia SC can be displayed in a schematic view (Figure 4). It features vertical lines to
represent different forms of energy. The boxes represent the different technologies or processes of energy transformation. The arrows going into
boxes represent consumed products and the arrows getting out represent products of the transformation.
Commodities are distinguished depending on their natures: energy demands are displayed in light grey, imports in orange, exports in yellow, local
production in light blue and renewable energy in green. The boxes cover: storage systems in blue, renewable transformations in green, grid
interaction in orange in end-usage in grey.

7

Figure 4: Schematic representation of the Collectopia SC and the flows between components

8

6

Elements connections

Name
Thermal supply

ID
Th_sup

Type of exchange
Thermal energy

Types of class connected
District heating infrastructure
Buildings

Comment
Thermal supply

Electrical supply

El_sup

Electrical energy

District heating infrastructure
Electricity infrastructure
Buildings

Electrical supply

Gas supply

Gas_sup

Thermal energy

CHP

Gas supply

Control signal

Sign_in

Control signals

District heating infrastructure
Electricity infrastructure
Buildings
Centralized Energy
Management System

Control signal

9

7

Elements description

The components at the lower levels are described in this section.
ID in SBD
Level in SBD
Class Name

1.1.1
3
Gas CHP

Description

Gas CHP fed by local biogenic resources or from gas grid

Parent class

Centralized Heat supply

Requirements
Functionality
Purpose
Interfaces

Production of heat & electricity
District heating network; Electricity grid

Physical
charact.

efficiency [%]
gas consumption [kWh]
heat output [kWh]
electricity output [kWh]
Capacity [kW]

Economics

CAPEX
OPEX
Subsidies

Instances characterization
Number of
1 in SC
elements in
SC

10

ID in SBD
Level in SBD
Class Name

1.1.2
3
Centralized Heat Pump

Description

Converts electricity into heat from external heat source

Parent class

Centralized Heat supply

Requirements
Functionality
Purpose
Interfaces

Production of heat
District heating network; electricity grid

Physical
charact.

COP
heat output [kWh]
Capacity [kW]

Economics

CAPEX
OPEX

Instances characterization
Number of
1 in SC
elements in
SC

11

ID in SBD
Level in SBD
Class Name

1.2.1
3
Decentralized Heat Pump

Description

Converts electricity into heat from external heat source

Parent class

Decentralized Heat supply

Requirements
Functionality
Purpose
Interfaces

Production of heat
District heating network; electricity grid

Physical
charact.

COP
heat output [kWh]
Capacity [kW]

Economics

CAPEX
OPEX

Instances characterization
Number of
400 in SC
elements in
SC

12

ID in SBD
Level in SBD
Class Name

1.3
2
District Heating Network

Description

Transports the heat using water as energy carrier

Parent class

District Heating Infrastructure

Requirements
Functionality
Purpose
Interfaces

Transport of heat towards end-users

Physical
charact.
Economics

Thermal supply
-

Instances characterization
Number of
1 in SC
elements in
SC

13

ID in SBD
Level in SBD
Class Name

1.4.1
3
Aquifer storage

Description

Stores heat during summer for winter

Parent class

Centralized storage

Requirements
Functionality
Purpose
Interfaces

Heat sink/heat source
District heating network

Physical
charact.

Capacity [kW]
Heat loss [%]
Temperature [°C]

Economics

CAPEX
OPEX

Instances characterization
Number of
1 in SC
elements in
SC

14

ID in SBD
Level in SBD
Class Name

2.1.1
3
Low energy Building

Description

Heat & electricity demand

Parent class

Buildings

Requirements
Functionality
Purpose
Interfaces

Determines heat & electricity demand
District heating network, electricity grid

Physical
charact.

Number of residents
Square meter [m2]
Specific annual heat consumption [MWh/a]

Surroundings

ambient temperature

Instances characterization
Number of
400 in SC (will be aggregated)
elements in
SC

15

ID in SBD
Level in SBD
Class Name

2.3.1
3
Green house

Description

Provide vegetables

Parent class

Buildings

Requirements
Functionality
Purpose
Interfaces

Provides heat in the summer and requires heat in the winter

Physical
charact.

Surface [m2]
Specific annual heat consumtion [MWh/a]

Surroundings

Geographical location; ambient temperature

District heating network

Instances characterization
Number of
1 in SC
elements in
SC

16

ID in SBD
Level in SBD
Class Name

3.1
2
Grid

Description

Represents the national electrical grid

Parent class

Electricity infrastructure

Requirements
Functionality
Purpose
Interfaces

Provides electricity from the national grid

Physical
charact.
Surroundings

Electrical supply
-

Instances characterization
Number of
1 in SC
elements in
SC

17

ID in SBD
Level in SBD
Class Name

3.2.1.
3
PV

Description

Converts solar irradiation into electricity

Parent class

Decentralized production

Requirements
Functionality
Purpose
Interfaces

Produce electricity

Physical
charact.

Efficiency [%]
Square meter [m2]

Surroundings

Geographical location

Economics

CAPEX
OPEX

Electricity grid

Instances characterization
Number of
400 in SC (will be aggregated)
elements in
SC

18

ID in SBD
Level in SBD
Class Name

3.3.1.
3
Battery

Description

storing electricity

Parent class

Decentralized storage

Requirements
Functionality
Purpose
Interfaces

Electricity sink/Electricity source

Physical
charact.

Capacity [kWh]
Cycling efficiency [%]

Electricity grid

Economics

CAPEX
OPEX
Instances characterization
Number of
1 in SC
elements in
SC
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ID in SBD
Level in SBD
Class Name

4
1
CEMS (Centralized Energy Management System)

Description

Represents the centralized controller of the district. It orchestrates and send operational signal to all components.

Parent class

-

Contained in
Requirements
Functionality
Purpose
Interfaces

It orchestrates and sends operational signal to all components to ensure all energy balances are fulfilled and components
constraints are respected
Control signal

Instances characterization
Number of
1 in SC
elements in
SC

20

Appendix F: Reference description forms filled by KIT

System Configuration Description
FlexOffice / Factory (KIT)
Content
Reference description form for System Configurations ............................................................................................................................................................................................ 1
1

Purpose of the document .................................................................................................................................................................................................................................. 2

2

Document History ............................................................................................................................................................................................................................................ 2

3
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System configuration identification ......................................................................................................................................................................................................... 2
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Short description of context ..................................................................................................................................................................................................................... 3
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Hydraulic diagram of thermal network .................................................................................................................................................................................................... 9
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6

Elements connections ..................................................................................................................................................................................................................................... 11

7

Elements description ...................................................................................................................................................................................................................................... 12

1

1

Purpose of the document

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.
This document describes the System Configuration from KIT “FlexOffice / Factory”.

2

3

Document History
Date
30-04-18

Version
1.0

02-05-18
30-05-18

Description
First issue

Author
Zhichao Wu (KIT)

1.2

Added thermal components for KIT SC

Alexander Engelmann (KIT)

1.3

Added missing information after feedback

Zhichao Wu (KIT)

General description

3.1 System configuration identification
ID
FOF_000

Name
KIT FlexOffice/Factory

2

3.2 Short description of context
Context description
One major challenge in today’s energy system is the ability store large amounts of electrical energy produced by renewable energy sources.
In the electrical system, these storages are usually not available as electrical storages are expensive and limited in capacity. On the other
hand, space heating and cooling of buildings takes a major share in today’s energy consumption. Hence, one possibility to tackle this difficulty
is using overproduction of renewable energy sources to partially cover the energy demand in the thermal domain (space heating, domestic
hot water and air conditioning).
Many small to mediums scale companies own office buildings and production plants. Furthermore, in case these plants and buildings are
recently built they often provide an advanced thermal infrastructure which can be exploited to store electrical overproduction in thermal
storages like the thermal inertia of the building itself and (economically cheap) hot water buffers.
At KIT campus North such a combination of office building and industrial production plant is located. Physically, they are located at different
places on campus. However, virtually they can be coupled in order to study the positive effect of smart thermal and electrical energy
management for these buildings on the electrical and thermal (district heating) campus infrastructure.

Figure 1: Office building (left) and industrial production plant (right).

3

Key figures
- District heating consumption [MWh/a]
- Plant power consumption [kWh/week]
- Battery state of charge [%]

Key words
Short-term electrical energy storage
Model predictive controller
Peak shaving

3.3 Climate
Climate conditions
The climate in Karlsruhe is characterized by equable climates with few extremes of temperature and ample precipitation in all months. The
Köppen Climate Classification subtype for this climate is "Cfb". (Marine West Coast Climate).
Solar irradiation ranges between 1100 and 1150 kWh/m²

4

Figure 2: Solar radiation in Germany (Source: Maps of global radiation, by the Deutscher Wetterdienst)

1

Files attached1
File ID
FOF_000_Tavg

Description
Average outside temperature at the location of the FlexOffice/Factory SC.

Units
[°C]

FOF_000_SolarIrr

Average solar irradiation at the location of the FlexOffice/Factory SC.

[kWh/m²]

Files are available on the Shared Data and Information Platform or delivered upon request
5

3.4 Geographics
Geographical characteristics

Figure 3: South-western Germany

Files attached
File ID

Description

Units
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4

System breakdown
Level 0

KIT System

Level 1

Thermal Domain

Converter (Electric->heat)
1

Level 2

Sources

Storages
1.1

Level 3

Sinks
1.2

District
heating

Concrete core
activation

Consumer
2.1

Electrical
devices

Offices
1.2.1

3

Heat pump
1.3

Hot water tank
1.1.1

Electrical Domain
2

1.3.1

Thermal inertia

3.2

Smart factory
2.2

Air
conditioning
1.2.2

Supply
3.1

Battery lab

Office
appliances
2.3

3.2.1

3.1.1

PV
3.1.2

3.2.2

Grid
1.2.3
3.2.3
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5

Graphical representations of SC

5.1 Representation of interfaces between elements of SB

8

5.2 Hydraulic diagram of thermal network

9

5.3 Electric diagram of electrical network

IPE-AVT
Smart Factory

Climatization

IPE Battery Lab

Clean Room

SMD
Production

RCT
Inverter

CN solar field

CN MWh Battery

IPE Battery
DC Power
Supply

400V

Data Collection
IPE Database

Data Collection
IPE Database

Data Collection
IPE Database

Data Collection
IPE Database

Database CS
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6

Elements connections

Name
Heating supply

ID
Th_sup

Type of exchange
Thermal energy

Types of class connected
Thermal domain
Converter(El->heat)
Electrical domain

Comment
Thermal energy to supply, for example:
- from the district heating to offices
- from air conditioning to smart factory

Electricity supply

El_sup

Electrical energy

Electrical domain
Converter(El->heat)

Heat conduction

Th_cond

Thermal energy

Thermal domain

Electricity supply, for example:
from the battery to smart factory
- from the grid to electrical devices
For example, there are heat conduction between
concrete core activation and district heating

11

7

Elements description

ID in SBD
Level in SBD
Class Name

SC FOF1.2.3
3
Thermal zones (thermal inertia)

Description

This class contains the thermal inertia of building components (e.g. one zone for the whole building, for one storey or single
rooms depending on the model granularity).

Parent class
Contained in
Requirements
Functionality
Purpose

Stores thermal energy.

Interfaces

Concrete core activation, heat pump

Physical
charact.
Surroundings

Air volume [m^3], Concrete Volume [m^3], specific heat capacities for air and concrete [J/(kg x K)], thermal resistances to
neighbouring zones [W/K], thermal resistance to atmosphere [W/K], thermal resistance to ground [W/K]
Temperature band has to be considered to stay within the comfort zone for the users.

Quality
Operation
type
Support
Legal
constraints
Economics
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Other,
comments
Instances characterization
Number of
~5
elements in
SC
ID in
simulation
Files attached

ID in SBD
Level in SBD
Class Name

SC FOF1.2.1
3
Hot water buffer

Description
Parent class
Contained in
Requirements
Functionality
Purpose

Used for storing thermal energy without affecting user’s comfort.

Interfaces

Local thermal wiring.

Physical
charact.
Surroundings

Volume [m^3], specific heat capacity of water [J/(kg x K)]
Maximum and minimum Temperatures have to be considered
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Quality
Operation
type
Support
Legal
constraints
Economics
Other,
comments
Instances characterization
Number of
1
elements in
SC
ID in
simulation
Files attached

ID in SBD
Level in SBD
Class Name

SC FOF2.1
2
Heat pump

Description
Parent class

14

Contained in
Requirements
Functionality
Purpose

Converts electrical energy to thermal energy using air temperature, ground temperature or ground water temperature.

Interfaces

Local thermal wiring, local electrical wiring.

Physical
charact.
Surroundings

Max. electrical power [W], max. thermal power [W], efficiency depending on heat reservoir temperature incl. periphery (pumps,
ventilators, …) [%]
In addition to the maximum thermal and electrical power, maximum temperatures have to be considered.

Quality
Operation
type
Support
Legal
constraints
Economics
Other,
comments
Instances characterization
Number of
1
elements in
SC
ID in
simulation
Files attached
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ID in SBD
Level in SBD
Class Name

SC FOF1.1.1
3
District heating connection

Description
Parent class
Contained in
Requirements
Functionality
Purpose

Provides thermal energy for space heating.

Interfaces

Local thermal wiring

Physical
charact.
Surroundings

Max thermal power [W],

Quality
Operation
type
Support
Legal
constraints
Economics

16

Other,
comments
Instances characterization
Number of
1
elements in
SC
ID in
simulation
Files attached

ID in SBD
Level in SBD
Class Name

SC FOF1.2.2
3
Concrete core activation

Description
Parent class
Contained in
Requirements
Functionality
Purpose

Stores thermal energy in the ceilings of offices and slowly dissipates this energy to the air temperature of the thermal zones.

Interfaces

Local thermal wiring, thermal zones

Physical
charact.
Surroundings

Concrete volume [m^3], specific heat capacities for concrete [J/(kg x K)], thermal resistances to thermal zones (offices, stories
depending on model granularity) [W/K],

17

Quality
Operation
type
Support
Legal
constraints
Economics
Other,
comments
Instances characterization
Number of
1
elements in
SC
ID in
simulation
Files attached

ID in SBD
Level in SBD
Class Name

SC FOF2.2
2
Electrical devices

18

Description

All electrical devices used within the building including computers, production machines, lighting, …

Parent class
Contained in
Requirements
Functionality
Purpose

Converts electrical energy to thermal energy (increases ambient temperatures in thermal zones).

Interfaces

Local electrical wiring, thermal zones

Physical
charact.
Surroundings

Power [W]

Quality
Operation
type
Support
Legal
constraints
Economics
Other,
comments
Instances characterization
Number of
1
elements in
SC
19

ID in
simulation
Files attached

ID in SBD
Level in SBD
Class Name

SC FOF3.2.3
3
Electrical grid connection

Description
Parent class
Contained in
Requirements
Functionality
Purpose

Provides electrical energy for the building.

Interfaces

Local electrical wiring

Physical
charact.
Surroundings

Max. power [W]

Quality
Operation
type
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Support
Legal
constraints
Economics
Other,
comments
Instances characterization
Number of
1
elements in
SC
ID in
simulation
Files attached

ID in SBD
Level in SBD
Class Name

SC FOF2.3
2
Air conditioning

Description
Parent class

Converter (Electric->heat)

Contained in

None

Requirements
Functionality
Purpose

Adjust the temperature in the production plant

21

Interfaces

Grid, Battery

Physical
charact.

Power [kW]

Surroundings
Quality

Average lifetime of 10 years

Operation
type
Support
Legal
constraints
Economics
Other,
comments
Instances characterization
Number of
3 in SC
elements in
SC
ID in
simulation
Files attached
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ID in SBD
Level in SBD
Class Name

SC FOF3.2.2
3
PV Generator

Description
Parent class

Electrical Domain.Supply

Contained in

None

Requirements
Functionality
Purpose

Generate electricity with PV panel.

Interfaces
Grid, Battery.
Physical
charact.

Power output [kW]
Solar radiation [kW/m2]

Surroundings
Quality

Average lifetime of 20 years

Operation
type
Support
Legal
constraints
Economics
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Other,
comments
Instances characterization
Number of
elements in
SC
ID in
simulation
Files attached

ID in SBD
Level in SBD
Class Name

SC FOF3.2.1
3
Battery

Description
Parent class

Electrical Domain.Supply

Contained in

None

Requirements
Functionality
Purpose

Electrical Storage with Lithium ion Battery.

Interfaces

Grid, PV, Electric consumer.

Physical
charact.

Current [A]
State of Charge [%]
Power[W]
Capacity[Ah]
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Surroundings
Quality

Average lifetime of 500 cycles

Operation
type
Support
Legal
constraints
Economics
Other,
comments
Instances characterization
Number of
elements in
SC
ID in
simulation
Files attached
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1

1

Introduction

In SmILES, the main rationale for describing system configuration is to facilitate the cross-simulation of local multi-energy systems. The rationale
for describing the national scale system configuration is different: it aims to facilitate upscaling rather than cross-simulation. Therefore, rather than
allowing others to replicate the Belgian energy system as a whole, the aim is to support others to replicate the process developed to upscale local
multi-energy systems on a national scale level, whether in Belgium or beyond.
The specific aim of the system configuration description is thus twofold. First, to give a broad overview of the main elements in the Belgian energy
system in the form of the graphical system breakdown (SBD). Second, to elaborate on those system elements in the SBD with a clear relation to
multi-energy and energy storage and an associated upscaling potential. This entails the description of the elements as such, and of the interfaces
between them.
At the current stage of research, it is not yet clear exactly which system elements with a relation to multi-energy and energy storage will become
the core of the upscaling analysis of WP5. As the scope of the current exercise, we focus on those elements that are currently considered under
the example case developed in Task 4.4. In case additional elements come to the fore in the upscaling analysis, these will be included in the
update of the reference description form provided under deliverable D2.4.
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Document History
Date
29-05-18

Version
1.0

Description
Version for D2.3

Author
Pieter Valkering, Larissa P.
N. de Oliveira, Frank MeinkeHubeny (VITO / EnergyVille)

2

3

General description

3.1 System configuration identification
ID
BEL_000

Name
Belgium national scale

3.2 Short description of context
Context description
Belgium is a small, densely populated country which covers an area of some 31.000 square kilometres and has
a population of about 11 million people. It includes three main regions: the Flemish Region (6.5 million people),
the Walloon Region (3.6 million people), and the Brussels-Capital Region (1.2 million people).

3

Key figures
 Population (2015): 11,3 million
 Population density (2015): 363 people per km2
 Main energy demands: industry, buildings (residential + tertiary), and transport (see below).
 Main energy vectors: petroleum, natural gas, electricity (see below).
 Share of renewables (2016): 6,4% of total end-use, 12,3% of electricity use
 Main renewable energy sources: biomass, PV and wind, with a minor share of hydroelectricity
 Heating networks only exist at a small scale, but are in development

Key words
National scale
Fossil fuel and nuclear based
Minor shares of renewables

Figure 1 : Energy in Belgium - consumption per energy use (left) and energy carrier (right) (Source : VITO 11/2017)
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3.3 Climate
Climate conditions
Belgium features an oceanic climate (Cfb in the Köppen-Geiger climate classification).
Specifics for solar radiation and wind can be found here:
https://globalwindatlas.info/
http://globalsolaratlas.info/

Files attached
File ID
N.a.1

Description

Units

3.4 Geographics
Geographical characteristics
See ‘Short description of context’ (Section 2.2)

Files attached
File ID
N.a.

Description

Units

1

Weather data is used to generate 2-hourly profiles for wind and solar electricity generation, which is consequently used in the simulation (see SmILES
deliverable D3.4).
5

4

System breakdown

The system breakdown (SBD) of the Belgium national scale system configuration is displayed below.






Level 1 includes all relevant sectors of supply and demand
For the sake of simplicity and readability, level 2 zooms in on those sectors of main relevance for SmILES: Electricity infrastructure, Heat
infrastructure and Residential demand. The sector Other Supply and the demand sectors Industry, Commercial, Transport and Agriculture
are not elaborated on, even though specific features of those sectors (for example Greenhouses in the Agriculture sector) may be relevant
to analyse upscaling of local system configurations adopted in SmILES.
On the supply side, the relations are mainly of inheritance. For instance, centralized power generation refers to a variety of technology
types, like natural gas, nuclear, off shore wind and so on. On the demand side, the relations are mainly of composition. For example,
residential demand is composed of a number of sub-demands like space heating, space cooling, cooking etc.
Finally we note, that the dominance of the various SC elements in the current energy system differs. For example, with the exception of
CHP, the Heat Infrastructure constitutes only a minor part of the current energy system. Yet, it is included because of its relevance for
upscaling multi-energy solutions analysed in SmILES.
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Figure 2 : System breakdown (SBD) of the Belgium national scale system configuration
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5

Graphical representations of SC

5.1 Representation of interfaces between elements of SBD
Figure 3 shows the main interfaces in terms of energy flows based on the example SC developed under T4.4, covering the buffering of heat pump
generated heat. The grey lines in the figure display the current situation without the buffering; the black lines represent the system when the
example SC is upscaled.
The diagram broadly covers five main interfaces as further specified in Section 5.







Electricity supply, linking the various electricity supply options to the end-use. End use services are either directly electricity based (e.g.
residential lighting) or other demands (such as residential heating or hot water demand) that can either be supplied by electricity-based
technologies or by other energy sources, such as gas based heating.
Electricity supply at low voltage (blue lines), linking PV generated electricity directly to the battery and other end-use services.
Thermal supply, linking the various heat supply options via the heat buffer to the heat demands based on low-temperature heat
Gas supply, linking natural gas supply to the heat demands based on low-temperature and high temperature heat
Power to Heat, the interface between the electricity and supply via the heat pump

Note, finally, that task 4.4 is currently work in progress as a result of which the diagram displayed here may still evolve. The dotted lines, for
example, are interfaces that may or may not be implemented under T4.4.
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Figure 3: Main interfaces in terms of energy flows for the Belgium SC. The following abbreviations are used: AHT – Air Heat, ELC – Electricity, GHT- Ground Heat, HP – Heat
Pump, LTH – Low Temperature Heat, NG – Natural Gas, PV – Photovoltaic, RH – Heating demand for Residential Sector, RW – Water heating demand for Residential Sector.

9

5.2 Hydraulic diagram of thermal network
Not applicable. Heating networks will not be explicitly be represented in the upscaling analysis and are hence not represented in the SC. Currently,
heating networks only exist at a small scale in Belgium.

5.3 Electric diagram of electrical network
Electricity networks will not be explicitly represented in the upscaling analysis and are hence not represented in the SC. Within the TIMES
framework, Belgium transmission grid is modelled in a simplified approach under which electricity generated is fed into low, medium and/or high
voltage grids all the way to the end-use sectoral demands. These flows account for efficiency losses and operation costs, but are considered fully
available to meet Belgium’s electricity demand. Moreover, there are no depiction of circular flows nor regional injection points, which disables the
identification of congestion. Within the TIMES Belgium model a detailed depiction of the electricity import capacity, current and planned, is included
which allows the assessment of energy dependency issues. For reference, a schematic description of the Belgian transmission network and its
main international connections is given in Figure 4.
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Figure 4: The Belgian transmission network - 380 kV (red lines) and 220 kV (green lines) - and its main international connections. Source: http://www.elia.be/nl/grid-data/GridTechnical-Data
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6

Elements connection

Name

ID

Electricity supply

El_sup

Type of
exchange
Electrical
energy

Types of class connected

Comment (see Figure 3)

Electrical infrastructure
Residential heating and other
end-use services

From:
 PV panels
 Batteries
 Grid (powered by the variety of other power generation
technologies represented in the SBD)
To:
 ELC-based technologies → RH / RW
 HP
 Other end-use services

Electricity supply –
Low Voltage

El_sup_LV Electrical
energy

Electrical infrastructure
Low voltage applications

From:
 PV panels
 Batteries
To:
 HP
 Other end-use services

Thermal supply

Th_sup

Thermal
energy

Heating infrastructure
Heating demands

From:
 HP
 Boiler
 Buffer
To:
 LTH technologies → RH / RW

Gas supply

Ga_sup

Gas

Gasinfrastructure
Heating demands

From:
 NG
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To:
 NG-based technologies → RH / RW
 Boiler
Power to Heat

PtH

Power to
Heat

Electrical infrastructure
Low temperature heating
demands

From:
 Heat Pump
To:
 LTH technologies (via Buffer)
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Elements description

We zoom in on those elements of the SBD that are of particular relevance for the example case developed under Task 4.4:
 Solar PV (1.2.1)
 Batteries (1.4.1)
 Heat pumps (2.1.2)
 Boilers (2.1.5)
 Buffers (2.2.1)
 Space heating (3.1)
 Water heating (3.2)

ID in SBD
Level in SBD
Class Name

1.2.1
3
Solar PV

Description

Photovoltaic solar panels

Parent class

Decentralized Power

13

Contained in
Requirements
Functionality
Purpose

None

Generate electricity from solar PV panels in buildings

Interfaces

El_sup_LV: electricity to the (low voltage) grid, to final building demand or to batteries

Physical
charact.
Surroundings

Building type (residential or commercial)
Power Capacity
Availability Factor
n.a.

Quality

Lifetime of 25 years

Operation
type

Subject to solar irradiation

Support

n.a.

Legal
constraints

None

Economics

Investment Cost (€/MW)
Fixed O&M (€/MWh and €/MW), accounting for maintenance and inverter replacement
Assumption of new investments distribution: 60% in the commercial sector and 40% in the residential sector.

Other,
comments

Instances characterization
Number of
3 in SC reflecting existing stock in the base year, new units for the residential sector and new units for the commercial sector.
elements in
SC
ID in
tbd
simulation
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Files attached

Available on the Shared Data and Information Platform or delivered upon request

ID in SBD
Level in SBD
Class Name

1.4.1
3
Batteries

Description

Decentralized small scale batteries to storage electricity in buildings

Parent class

Decentralized Storage

Contained in

None

Requirements
Functionality
Purpose

Store electricity at local level (buildings)

Interfaces

El_sup_LV: electricity from local generation (solar PV) and (low voltage) grid, back to the (low voltage) grid or to final demand.

Physical
charact.

Surroundings

Storage Capacity
Storage Efficiency
Battery type: Lithium Ion, Vanadium Redox, Lead Acid.
Type of cycle (to define it is a small scale day-night cycle storage)
n.a.

Quality

Lifetime of 8 to 10 years

Operation type

Short-term, ‘day-night’ level storage

Support

n.a.

Legal
constraints

none
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Economics

Investment Cost (€/kWk)
Fixed O&M (€/kWh)

Other,
comments
Instances characterization
Number of
Currently 6 in SC, depicting types of batteries and types of electricity (locally generated or from the grid). Subject to change
elements in SC during TC implementation.
ID in simulation tbd
Files attached

Available on the Shared Data and Information Platform or delivered upon request

ID in SBD
Level in SBD
Class Name
Description

2.1.2
3
Heat Pump

Parent class

Heat pumps generating space or water heat to the final sectors (applicable to residential and commercial). Generation of
cooling is also possible in some types of heat pumps considered.
Decentralized heat supply

Contained in

None

Requirements
Functionality
Purpose

Convert electricity into heat for space or water heating in different building types. Some of HP types also generate cooling
with space heating.

Interfaces

Th_sup, PtH: electricity from grid, from PV panels or from batteries converted into heat or heat and cooling. There are also
heat pumps using natural gas and LPG.
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Physical
charact.
Surroundings

Heat sources (air or ground combined with electricity, natural gas or LPG)
Input share between electricity and (air or ground) heat
Seasonal Efficiency
n.a.

Quality

Lifetime of 20 years

Operation type

Performance (linked to availability) varies according to outside temperature (important for air heat pump), e.g., (air) heat pump
operation is not homogeneous within a year.
n.a.

Support
Legal
constraints

Buildings are subject to NZEB regulation.

Economics

Investment Cost (€/MW)
Variable and Fixed O&M (€/MWh and €/MW)

Other,
comments
Instances characterization
Number of
27 types in SC
elements in SC
- 27 types for the residential sector (9 per building type)
Heat pump types comprise:
- Air heat pump with electric boiler for space heating
- Air heat pump with electric boiler for space heating and cooling
- Advanced air heat pump with electric boiler for space heating
- Advanced air heat pump with electric boiler for space heating and cooling
- Ground heat pump with electric boiler for space heating
- Ground heat pump with electric boiler for space heating and cooling
- Air heat pump with natural gas boiler for space heating
- Air heat pump with LPG boiler for space heating
- Electric heat pump for water heating
ID in simulation

Tbd
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Files attached

Available on the Shared Data and Information Platform or delivered upon request

ID in SBD
Level in SBD
Class Name

2.1.5
3
Boiler

Description

Boiler to provide space and/or water heating from different sources, such as natural gas, electricity, LPG, etc.

Parent class

Decentralized heat supply

Contained in

None

Requirements
Functionality
Purpose

Convert different energy sources into heat for space heating and water heating in different building types among residential
and commercial.

Interfaces

Th_sup: different sources into space and water heating.
The model includes the following sources feeding into boilers:
- Natural gas
- Electricity
- Biodiesel
- Diesel
- LPG
- Oil

Physical
charact.

Input source (among the above mentioned)
Purpose/output: space heating and/or water heating
Efficiency
Current stock in the base year
n.a.

Surroundings
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Quality

Lifetime of 15 to 20 years

Operation
type

Flexible, according to demand.

Support

n.a.

Legal
constraints

Subject to overall GHG emission constraints for Belgium

Economics

Investment Cost (€/MW)
Variable and Fixed O&M (€/MWh and €/MW)

Other,
comments
Instances characterization
Number of
50 in SC, distributed between existing (part of the base year stock) and new (to be installed in the following years), building
elements in
type (residential urban, rural or apartment), building age (built before 2006, between 2006 and 2014 or after 2014).
SC
Boilers might be:
- Biodiesel, electricity, natural gas, LPG or oil single and dual purpose2 boiler
- Condensing natural gas dual and single purpose boiler
ID in
Tbd
simulation
Files attached Available on the Shared Data and Information Platform or delivered upon request

ID in SBD
Level in SBD
Class Name

2

2.2.1
3
Buffer

Single purpose: space heating or water heating; dual purpose: space heating and water heating.
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Description

Device for heat storage, f.i., a hot water tank.

Parent class

Decentralized heat storage

Contained in

None

Requirements
Functionality
Purpose

Heat storage to provide flexibility to the system.

Interfaces

Th_sup: heat from heat pump and/or boiler, heat to final demand

Physical
charact.
Surroundings

Capacity;
Efficiency;
Etc
n.a.

Quality

Tbd

Operation type

Tbd

Support

n.a.

Legal
constraints

n.a.

Economics

Investment Cost (€/MW)
Variable and Fixed O&M (€/MWh and €/MW)
Buffer not yet implemented in the SC

Other,
comments

Instances characterization
Number of
Tbd
elements in SC
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ID in simulation

Tbd

Files attached

Available on the Shared Data and Information Platform or delivered upon request

ID in SBD
Level in SBD
Class Name

3.1
2
Space Heating

Description

Demand for space heating in the residential sector

Parent class

None

Contained in

Residential (would be applicable for commercial as well)

Requirements
Functionality
Purpose

Set up energy demand for space heating in the residential sector

Interfaces

Physical
charact.
Surroundings

Is_in: all types of residential buildings (commercial as well).
- Rural: built before 2006, between 2006 and 2014 and to be build (new)
- Urban: built before 2006, between 2006 and 2014 and to be build (new)
- Multi-apartment: built before 2006, between 2006 and 2014 and to be build (new)
n.a.
n.a.

Quality

Not an ‘operable’ or ‘optimizable’ parameter. Exogenously defined.

Operation type

n.a.

Support

Subject to NZEB (near-zero energy buildings) regulation (EU level)
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Legal
constraints

(Future) space heating demand for each building type would be exogenously defined based on:
- Population growth (for long-term projection)
- Building stock in the base-year, renovation rate, demolishing rate, building stock age
- Average floor area (m2) per building type
- Average florr space per household (m2/HH)
Average specific energy consumption (kWh/m2) per building type

Economics
Other,
comments
Instances characterization
Number of
9 types in the SC:
elements in SC
- three types of residential buildings with 3 ‘age’ classification
ID in simulation

Tbd

Files attached

Available on the Shared Data and Information Platform or delivered upon request

ID in SBD
Level in SBD
Class Name

3.2
2
Water Heating

Description

Demand for water heating in the residential sector

Parent class

none

Contained in

Residential (would be applicable for commercial as well)

Requirements
Functionality
Purpose

Residential (would be applicable for commercial as well)
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Interfaces

Is_in: all types of residential buildings (commercial as well).
- Rural: built before 2006, between 2006 and 2014 and to be build (new)
- Urban: built before 2006, between 2006 and 2014 and to be build (new)
- Multi-apartment: built before 2006, between 2006 and 2014 and to be build (new)

Physical
charact.

(Future) water heating demand for each building type would be exogenously defined based on:
- Population growth (for long-term projection)
- Building stock in the base-year, renovation rate, demolishing rate, building stock age
- Average hot water demand per household (kWh/HH) for each building type

Surroundings

n.a.

Quality

n.a.

Operation type

Not an ‘operable’ or ‘optimizable’ parameter. Exogenously defined.

Support

n.a.

Legal
constraints

Subject to NZEB (near-zero energy buildings) regulation (EU level)

Economics

n.a.

Other,
comments
Instances characterization
Number of
elements in SC

9 types in the SC:
- three types of residential buildings with 3 ‘age’ classifications

ID in simulation

9 types in the SC:
- three types of residential buildings with 3 ‘age’ classifications

Files attached

Available on the Shared Data and Information Platform or delivered upon request
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