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1 Introduction 

The SmILES project aims at improving the knowledge on the integration of electrical and thermal storages 

in local multi-energy systems. Transfers between energy carriers are expected to lead to a higher flexibility 

and a better management of the energy infrastructure as a whole, in particular to support further integration 

of intermittent renewable energies. To verify this, suitable study cases will be analyzed based on cross-

simulations using different methodologies available at the partner institutes (AIT, DTU, EDF, KIT, 

VITO/EnergyVille). The overall procedure applied (described in deliverable D3.1) is based on a consistent 

set of definitions and a logical distinction between system configurations (SC), use cases (UC), societal 

contexts (reflecting on the Social, Technological, Environmental, Economic and Political contexts, aka. 

STEEP) and test objectives, all of which together motivate the test cases and studies. Figure 1 shows the 

relation between these elements in the testing procedure based on a simple example. 

The system configuration is the ñstaticò 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 ñstatic 

settingsò. 

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 (ñhaving dinerò and ñhaving 

a working sessionò) 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 partnerôs system configuration/use case 

combination in another partnerôs 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 ñsetting up a shared data and information platformò. 

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

Documentation of a 
reference state 

R2 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 ñgeneral 
descriptionò, ñgeneral characteristicsò, ñbuildingsò, ñelectrical layoutò and 
óthermal layoutò, the last two categories being broken into a ñcentralizedò, 
ñnetworkò and ñdecentralizedò separation. In addition, the distinction 
between energy ñproductionò, ñstorageò and ñconsumptionò 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 ñlevelsò 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 
Ăverticalñ 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). ĂHorizontalñ 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 formôs structure: ñpurpose 
of the documentò, ñdocument historyò, ñsystem configuration identificationò, ñshort description of contextò, 
ñclimateò and ñgeographicsò. In particular, the ñshort description of contextò 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 ñSystem breakdownò 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 ñlevelsò (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 ñverticalò 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 ñhas aò 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 ñis aò 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 Ăverticalñ 
relations. ĂHorizontalñ 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 Ăelements connectionsñ section of the form (R7). 
 
Global exchange flows can be depicted in a separate section, in the form of Ăgraphical representations of 
the SCñ. 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 ñelements descriptionò 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 ñcommentò category 
enables the writer to specify information that do not fit in the previous list. 
 
In particular, the ñphysical characteristicsò 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 ñclimateò, ñgeographicsò and ñelements descriptionò 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 ñmanifest.xmlò 
which provides information and metadata about all data contained in the zip file. Data ï 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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