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Abstract—The world is transitioning towards green energy to
address the challenges of climate change and reduce greenhouse
gas emissions. However, the complexity of Multi Energy Systems
(MES) requires advanced tools for efficient simulation, operation,
and maintenance. This study introduces a novel parser developed
using the Python open-source tool SLY, which maps critical
elements from System Modeling Language version 2 (SysML v2)
specifications to runtime model Next Generation Service Interface
- Linked Data (NGSI-LD). This approach enables seamless
communication between different energy system components. It
improves the co-simulation of energy networks by integrating
MES and supporting the mapping of the distributed nature
of energy resources. The parser successfully demonstrates the
mapping of essential SysML v2 elements to NGSI-LD, showcasing
the potential for SLY-based tools to significantly contribute to
the field of energy systems modeling. Our study highlights the
importance of open-source tools in addressing the challenges
of modern energy systems and represents a step forward in
developing such tools for energy systems.

Index Terms—Multi Energy Systems, SysML v2, NGSI-LD,
SLY, Open-Source Tools, Simulation

I. INTRODUCTION

Modern energy systems are complex, comprising di-
verse components such as heat and power plants, re-
newable electricity production units, storage systems, and
transmission and distribution networks [1]. Integrating
Multi Energy Systems (MES) and the distributed nature of
energy resources is challenging [2]. These systems operate in
a dynamic environment, influenced by renewable energy inte-
gration, demand fluctuations, and grid stability [3]. The rapid
implementation of hydrogen energy systems is essential to
meet the growing demand for clean and sustainable energy [4].
Therefore, it is necessary to have efficient tools for modeling,
simulation, and optimizing these complex systems [5]. The
integration of hydrogen into the energy system requires an
in-depth understanding of the individual components and
their interactions to ensure optimal system configuration and
operation [6]. Therefore, there is a crucial need for adaptable
and interoperable open-source software solutions, which de-
mand advanced tools that seamlessly integrate various energy
carriers and facilitate dynamic simulations [7]. Existing open-
source software provides solutions for modeling and analyzing

energy networks; however, they do not represent the actual
component from a system model perspective [8]. Those sys-
tems often lack the possibility of sector coupling tasks, which
could be a future application domain of those tools. They are
usually uniquely tailored to a specific energy carrier [9].

Digital Twins (DT) can support this and play a pivotal role
in a better understanding of those energy systems [10]. To
develop the digital object, a digital model of the physical ob-
ject needs to be created. A system model designed to compile
semi-automatic runtime models combines a data protocol for
connections and sensors with an interface for physical object
information transfer [11]. In the context of MES, a DT is
created by using system models of the different components
in the interested physical energy system and mapping those
to a runtime model, representing a digital counterpart to the
MES [12]. This mapping serves as a basis for the connection
from the physical object to the digital model already at an
early design stage. The runtime model serves as a functional
data protocol possibility when sensors are connected.
This research paper develops and applies a novel parser
designed to bridge the gap between system models and runtime
models to enable a better understanding of the components
and a coupled-component MES. The goal is to reach an easy
handling tool for mapping system models to runtime models.
The contribution of this paper is to present an open-source
SLY-based parser for this task. First, we present the required
and used open-source tools. Then, we describe the architecture
and implementation of the parser. Challenges and further
considerations are then described. A proof-of-concept use of
the parser in a possible hydrogen MES is given, followed by
a result section. The discussion section highlights alternative
approaches, and in the conclusion, an outlook is given. The
proof-of-concept SLY-parser script is under an open-source
BSD 3-Clause License publicly available.1

II. SYSML V2, NGSI-LD, AND SLY

System Modeling Language is a standard in model-based
system engineering used in various engineering disciplines,

1https://gitlab.tuwien.ac.at/iet/public/sysmlv2mapngsi-ld

https://gitlab.tuwien.ac.at/iet/public/sysmlv2mapngsi-ld


including energy systems [13]. The updated System Modeling
Language version 2 (SysML v2) is still in development but
features multiple improvements. SysML v2 language provides
a standardized framework for describing system architectures,
requirements, and behavior. However, a data transfer or
information exchange is challenging. Next Generation Service
Interface - Linked Data (NGSI-LD) is a semantic data model
designed for context representation in a linked data format. It
enables seamless communication and interoperability across
diverse domains [14]. It distinguishes between Entities, types
of attributes (Properties, GeoProperty, and Relationships), and
Context data. For a clear model identification, an NGSI-LD
Uniform Resource Name (URN) is created. NGSI-LD builds
the backbone of the very well-known open-source Fiware
ecosystem. Fiware has evolved to better support linked data
in the Internet of Things applications [15].
[16] proposes a solution that bridges Open Data portals
and NGSI-LD-based data. By integrating Comprehensive
Knowledge Archive Network-based Open Data portals with
NGSI-LD standards, the solution ensures comprehensive
dataset descriptions and high-quality metadata. Their
proposed approach has been validated through real-world
implementation, achieving excellent ranking in terms of
Findable, Accessible, Interoperable, and Reusable data
principles. Another approach shows semantic enrichment
and data comprehensibility. NGSI-LD enables a linkage
to semantic data. The insight data enrichment focuses
on specific domains. It can enhance NGSI-LD Entities
containing numerical Properties within predefined categories.
For example, it supports SmartDataModel types like
AirQualityObserved, SoundPressureLevel, Temperature, and
TrafficFlowObserved. NGSI-LD contributes to improving data
comprehension and citizen-centered initiatives. Non-existing
NGSI-LD SmartDataModel types can be created easily,
stored, and then reused, publicly.2 As smart cities evolve, this
symbiosis between semantic data and smart city ecosystems
sets the stage for future exploration and refinement [17].
However, it is not designed for modeling complex system
architectures, unlike a typical system modeling language.
The challenge lies in bridging the gap between these two
domains. SysML v2 models capture the intricacies of system
components from an early design stage. In contrast, runtime
models offer an extensible format for representing context
information and integrating runtime sensor data from those
components. The heart of this research lies in developing
a Python-based parser using the SLY library.3 SLY is an
open-source lexer and parser generator that enables efficient
parsing of complex specifications.4 It improves the extraction
of critical language elements with the possibility of directly
mapping them into runtime models and emerges as a powerful
tool in this context.

2https://smartdatamodels.org/
3https://github.com/dabeaz/sly
4https://sly.readthedocs.io/en/latest/

The following list provides the main reasons for that:
• Robust Parsing Capabilities: SLY can extract critical

elements and organize them for further processing.
• Mapping Essentials: Our novel parser leverages SLY to

map essential system elements to runtime constructs. This
mapping ensures that crucial information, such as system
architecture, component interactions, and behavior, is
accurately represented in the runtime models/format.

• Seamless Communication: The parser facilitates seamless
communication between different energy system compo-
nents and vectors by translating system models to runtime
models. Hence the exchange of context information be-
tween system components can be achieved.

Next, the SLY-based parser has several practical applica-
tions:

• Multiple energy carrier systems: Energy systems often
involve multiple carriers (e.g. electricity, different types
of gas). The parser enables their integration within a
standardized runtime model. Disparate energy vectors
can “communicate” harmoniously to represent sector
coupling approaches.

• Distributed energy resources (DERs): As DERs become
more prevalent, like solar installations and home bat-
teries, the parser ensures their interoperability by map-
ping system models to functional runtime models. DERs
can dynamically adjust their behavior based on context
information shared via the runtime model. Since the
implementation is highly flexible, integrating different
types of energy resources and consumers is possible [18].
The proof-of-concept has been modeled with different
components and energy conversion units.

• Extension for co-simulation [19]: Co-simulation of en-
ergy networks, where different component models inter-
act in a simulated environment, benefits from accurate
context representation in the runtime models. However,
runtime models based on system models are quite com-
plex to create. The SLY-based parser can provide a strong
foundation for more accurate and insightful co-simulation
results.

III. ARCHITECTURE AND IMPLEMENTATION

Fig. 1 shows the semi-automatic processes needed to create
the runtime models, based on the system model of the MES.
Domain experts generate the system model by representing
the physical objects. This system model is transferred to the
SLY-based parser, which then creates the runtime models.

Expert

Parser Runtime
Model

System
Model

Multi Energy
System

Fig. 1. Semi-automatic toolchain for creating runtime models based on the
system model of the MES by integrating the SLY-based parser.

https://smartdatamodels.org/
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A. Architecture

The SLY-parser translates system models into runtime mod-
els, ensuring seamless communication between different en-
ergy system components in an open-source ecosystem. The
SLY-based parser extracts relevant system information, such as
SysML v2 parts and inner subparts, connections, and expected
engineering input and output data through ports. It then
translates this data to NGSI-LD Entities. Each system part
becomes a digital representation with associated attributes.
This includes dissecting composite systems into single Enti-
ties, representing attributes, connections, and storing relevant
engineering information in it. The linguistic analysis process,
starts with text scanning and is followed by tokenization.
The parser subsequently processes these tokens following the
defined grammar rules.

The mapping logic is crucial in architecture engineering, as
it establishes the mapping process between system elements
and runtime constructs. The architecture comprises modules
for both lexer and parser functionalities, ensuring seamless
integration of the two processes. For instance, a system part
can be transformed into a NGSI-LD runtime Entity, and its
attributes can be turned into runtime Properties. In SysML v2,
nested parts are defined as a single Entity with a “hasSubpart”-
Relationship. It is crucial to accurately map this definition
to the runtime model. This is because subparts may indi-
rectly represent possible physical connections to their main
part, which is essential for system engineering. However, the
connection element also exists in SysML v2. Therefore, a
separate “connection”-Relationship was defined. Furthermore,
the parser should be designed to be compatible with a larger
ecosystem that includes already existing system- and runtime
models, APIs, and visualization tools. The result is a well-
rounded solution that meets the needs of a wide range of users.

B. Implementation steps

Regarding SysML v2, the various elements, such as parts,
connections, and ports, must be clearly defined in the system
model to enable a correct representation. NGSI-LD uses a
linked data format that represents context information in a
standardized way. The parser ensures that SysML v2 elements
are correctly transformed into NGSI-LD Entities, Properties,
and Relationships. The first step is to define the grammar rules
for the system model shown in Listing 1.

program ::= statements
statements ::= statement statements

| empty
statement ::= ATTRIBUTE IDENTIFIER DOUBLEPOINT IDENTIFIER

SEMICOLON
| ATTRIBUTE IDENTIFIER SEMICOLON
| PART IDENTIFIER DOUBLEPOINT IDENTIFIER
"{" statement "}"
| PART IDENTIFIER DOUBLEPOINT
IDENTIFIER SEMICOLON
| PART IDENTIFIER SEMICOLON

empty ::=

Listing 1: Snippet of the generic grammar based on the
developed parser.

These rules describe the syntax and structure of the sys-
tem models, based on predefined tokens. Table I shows the
corresponding mapping logic.

SysML v2 mapping token NGSI-LD type

parts “part” Entity
attributes “attribute” Property, Relationship
connections “connection” Entity
ports “port” Entity, Relationship

TABLE I
SYSML V2 TO NGSI-LD TRANSFORMATION RULES (NOT COMPLETE)

It tokenizes the input with the help of the lexer and breaks it
down into meaningful units. Once the relevant elements have
been extracted, the parser processes these tokens according to
the defined grammar rules. Fig. 2 outlines this process, where
relevant elements such as system components, relationships,
and behavioral descriptions are identified.

Multi Energy
System

represented through

Lexing process
SysML v2 Tokens

Token(type='PART', value='part', lineno=1, ...)
Token(type='IDENTIFIER', value='Hydrogen_Storage', ...)
Token(type='DOUBLEPOINT', value=':', lineno=1, ...)
Token(type='IDENTIFIER', value='physicalEntity', ..)
Token(type='{', value='{', lineno=1, index=34, end=35)
Token(type='ATTRIBUTE', value='attribute', ...)
Token(type='IDENTIFIER', value='density_gravimetric', ...)
Token(type='SEMICOLON', value=';', lineno=1, ...)
Token(type='ATTRIBUTE', value='attribute', lineno=1, ...)
Token(type='IDENTIFIER', value='density_volumetric', ...)
Token(type='SEMICOLON', value=';', lineno=1, ...)
...

Hydrogen_Storage.sysml = '''
part Hydrogen_Storage : physicalEntity {
       attribute density_grav = 0.055;
       attribute density_vol = 0.04;
       attribute op_temp_min = -40 [C];
       attribute op_temp_max = 60 [C];
       attribute lifecycles = 1500; 
       attribute fill_time = 1.5 [kg/min];
       port storage_H2_input : GasInPort;
       port storage_H2_output : GasOutPort;
}   
'''

Fig. 2. A snippet of the lexing process SysML v2 Hydrogen Storage-part
and its related tokens.

Combined with the grammar they are mapped to corre-
sponding NGSI-LD constructs, shown in Fig. 3.

Tokens

Grammar

+ NGSI-LD

Fig. 3. Based on the extracted tokens and the defined grammar the NGSI-LD
model is created.

This workflow already demonstrates the flexibility of the
parser approach, as you can define utterly independent syntax



and structure rules. The parser is upward compatible to further
SysML v2 development, as new rules can be applied to the
lexer to implement the latest features of SysML v2 in the
mapping process.

C. Challenges and Considerations
Mapping system model semantics to runtime models re-

quires careful consideration. Some system elements in a
runtime model may not have direct equivalents, necessitating
creative solutions. The system models can be intricate, with
various levels of abstraction and dependencies. The SysML v2
system language has several concepts representing a physical
object. Some SysML v2 concepts, like generalization and
specialization, need to be further investigated. Those represent
abstractions of existing elements, which describe and model
actual devices of a MES. Mapping higher abstraction con-
cepts still needs to be justified, as the mapping process fo-
cuses on the actual system components instantiated. NGSI-LD
only knows the constructs Entity, Property, and Relationship.
Therefore, the parser needs to handle different constructs in
SysML v2 consistently. The following implementation solu-
tions tackle these challenges:

• parts: are converted to NGSI-LD Entities, includ-
ing context information. For a clear identification, a
NGSI-LD URN is created. All created URNs include the
described SysML v2 element. The parser also includes
a separate NGSI-LD “type”-Property, for a closer type
specification. If the part is specified by a part definition
in the SysML v2 model, its definition name is used.
Otherwise, the value part is set in the NGSI-LD model.

• attributes: are either Properties of the created Entities,
which can include number or string as a DataType, or
Relationships to other NGSI-LD Entites, via URNs.

• Nested parts:
– The NGSI-LD Entity, representing the outer part, has

a Relationship attribute “hasSubpart”, referring to all
other NGSI-LD Entities, representing the inner parts,
via URNs.

– Vice-versa, inner parts in the SysML v2 model were
transferred to single NGSI-LD Entities, including
a Relationship attribute “isSubpart” referring to the
NGSI-LD Entity representing the outer part, also via
URN.

• ports: There are currently two ways how ports are
transferred to NGSI-LD:

– A single NGSI-LD Entity with a defined “port”-type
based on the system model description is created.
It includes a Relationship attribute “belongsToPart”
with a URN to the Entity, representing the SysML v2
part using it.

– The NGSI-LD model of the SysML v2 part, which
uses the port, includes also a “port”-Relationship,
referring to the NGSI-LD port representation via
URN.

• connections: In SysML v2 connections represent physical
connections. Therefore this concept was mapped to a

single NGSI-LD Entity, including Relationship attributes
from and to based on the SysML v2 connected parts.
The mapping considers two ways in the SysML v2
model, creating a connection: either through a connection
definition or through a connect command.

This study highlights the possible modeling of a MES.
Based on the systems’ physical characteristics and engineer-
ing constraints, a system model was created. The developed
prototype parser generates NGSI-LD runtime models, which
can be used for detailed modeling of MES, as the approach is
extendable.

IV. PROOF OF CONCEPT

In the proof-of-concept for the parser, the mapping of a
hydrogen-based MES to their respective runtime models is
shown. Component data of actual units were used to model
the system’s specifications and stored in a MES model.sysml
file. Fig. 4 shows the system, which comprises an elec-
trolyzer, hydrogen storage, and a fuel cell, including com-
ponent capacities, power and gas flows. The complexity of
a model regarding different energy vectors increases very
quickly. Therefore, the physical relationships and processes
are simplified for reasons of clarity, with the possibility of
extending the approach. The simulation and investigation of
the described MES are out of scope.

The SysML v2 model of the MES is shown in Fig. 5.
The system model consists of several parts including physical
connections (green), parts, and subpart membership (red).
The individual port and item instances required to model
the processes are shown in a combined Port Def layer and
Item layer. The H2 System-part includes information about
the connections and the flows between the single components.
Its subparts include a Electrolyzer-, Hydrogen Storage- and
Fuel Cell-part. The engineering constraints of each physical
object are covered as attributes, e.g. power and capacity of
the components, modulation- and pressure ranges, and fill-
time as well as a number of life cycles for the hydrogen
storage. A Power- and Gas-item, were defined for modeling
different energy carriers. Based on those item definitions, an
Item Layer was implemented to connect the components
via ports. An input- and output-port were instantiated and
connected to each component. The ports are defined in a
Port Definition Layer. The SysML v2 is processed by the
parser, resulting in the creation of NGSI-LD models, stored
as model[number].json files.

V. RESULTS

This work introduces an open-source prototype parser that
aims to facilitate the transfer of system models to runtime
models. The open-source SLY-parser uses the system model
for creating the single NGSI-LD models. Based on the
SysML v2 elements in Table I, parts of the SysML v2 model
were mapped to single NGSI-LD Entities. The NGSI-LD En-
tity, representing the Hydrogen System-part, refers to all Enti-
ties, representing the previously assembled parts in SysML v2.
It has a URN for each subpart. The subparts are mapped
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Fig. 4. Overview of the hydrogen-based MES with its generic SysML v2 system model and the related NGSI-LD runtime models.

<<port>>
fuel_cell_process:

PowerOutPort

<<port>>
hydrogen_input:

GasInPort

Port Def Layer

Item Layer

<<item def>>
Power

attributes
type

<<item def>>
Gas

attributes
type

<<part>>
H2_System

connections
H2_Storage to FuelCell
Electrolyzer to H2_Storage

flows
Electrolyzer.[].gasSupply to
H2_Storage.[].gasSupply
H2_Storage.[].gasReturn to
Electrolyzer.[].gasReturn

<<part>>
Electrolyzer

attributes
power_capacity = 1000000 [W]
H2_capacity = 200 [m^3/h]
energy_con = 4.700 [kW*h/(m^3)]
system_efficiency = 0.75
//Modulation range
h2_prod_range_min = 40 [m^3/h]
h2_prod_range_max = 200 [m^3/h]
h2_purity = 5.0
load_change = 30 [s]
//Pressure range
h2_out_pres_min = 2000000 [Pa]
h2_out_pres_max = 3000000 [Pa]
heat_recovery_BoL = 170000 [W]
heat_recovery_EoL = 350000 [W]
water_quality = "EU [..] EU"
water_consumption = 260 [kg/h]
power = "3 x 480 V Y, 3 x 480
V[...]"
length = 13.0 [m]
width = 4 [m]
height = 6 [m]
mass = 36000 [kg]
ambient_temp_min = -20 [C]
ambient_temp_max = 40 [C]

<<part>>
Hydrogen_Storage

attributes
density_grav = 0.055 
density_vol = 0.04 [kg/L]
op_temp_min = -40 [C]
op_temp_max = 60 [C]
lifecycles = 1500
fill_time = 1.5 [kg/min]

<<part>>
Fuel_Cell

attributes
type = "Proton Exchange
Membrane (PEM)"
rated_Power = 100000 [W]
cell_count = 400
rated_current = 250 [A]
rated_voltage = 400 [V]
mass = 120 [kg]
fuel= "ISO 14687-2 (Hydrogen)"
oxidant = "Air at 1.5 bar"
coolant = "Water, max.temp 85°C"
op_temp_range_min = 60 [C]
op_temp_range_max = 80 [C]
storage_temp_min = -40 [C]
storage_temp_max = 40 [C]
power_density = 0.80 [kW/L]
//attribute dimensions
length = 0.1 [m]
width = 0.6 [m]
height = 0.4 [m]

<<port>>
power_input:
PowerInPort

<<port>>
electrolyzation_process

GasOutPort

<<port>>
storage_H2_input:

GasInPort

<<port>>
storage_H2_output:

GasOutPort

. .. .

. . . . . . . . . . . .

1

1 1 1 1 1 1

Fig. 5. Components of the MES shown in Fig. 4, modeled in SysML v2.

to unique NGSI-LD models, with a reference to the main
part included. Attributes have been mapped accordingly to
Properties and Relationships. Ports were included in the

NGSI-LD Entities as Relationships, through URN-based Prop-
erties. For each connection and port, a single NGSI-LD Entity
is created. The NGSI-LD snippets of the Hydrogen System,
the Hydrogen Storage and an example Port are shown by
Listing 2-4.

{
"@context": [...],
"id": "[...]:Part:[Hydrogen_System]",
"type": "physicalEntity",
"name": {
"type": "Property",
"value": "Hydrogen_System"

},
"hasSubpart": {

"type": "Relationship",
"object": [
"urn:ngsi-ld:Part:[Electrolyzer]",
"[...]:Part:[Fuel_Cell]",
"[...]:Part:[Hydrogen_Storage]"

]
}

}

Listing 2: Hydrogen System as the main system part in NGSI-
LD format (model 3.json).

{
"@context": [...],
"id": "urn:ngsi-ld:Port:[...]-988",
"type": "Port",
"belongsToPart": {

"type": "Relationship",
"object": [
"[...]:Part:[Hydrogen_Storage]"
]

},
"attributes": [],
"inItems": [],
"outItems": []
}

}

Listing 3: Port in NGSI-LD format (model 11.json).

The novel approach enhances energy system modeling by
combining open-source methodologies with an existing Python



{
"@context": [...],
"id": "[...]:Part:[Hydrogen_Storage]",
"type": "physicalEntity",
"name": {

"type": "Property",
"value": "Hydrogen_Storage"

},
"isSubpartFrom": {
"type": "Relationship",
"object": "[...]:Part:[Hydrogen_System]"

},
"density_gravimetric": {
"type": "Property",
"value": 0.055

},
....
"Port": {

"type": "Relationship",
"object": [
"[...]:Port:[...]-988"

]
}

}

Listing 4: Hydrogen Storage in NGSI-LD format as inner part
of Hydrogen System (model 2.json).

library. Its architecture highlights the capabilities of the SLY
package, providing a robust foundation for the parser’s func-
tionality. It promotes interoperability between system mod-
els and runtime models. It allows the transfer of specific
SysML v2 elements, like parts, inner parts, connections,
and ports, to single NGSI-LD runtime Entities. The parser
was used in a proof-of-concept use for MES. Based on the
SysML v2 system model, NGSI-LD runtime models were
successfully created.

VI. DISCUSSION

The SLY-based approach is promising in transferring system
models to runtime models. The runtime model is needed to
establish a mapping from the physical object to the digital
representation. SysML v2 and NGSI-LD represent both well-
known standards and have their proven scientific reason to
co-exist. SysML v2 as a system modeling language and
NGSI-LD as a functional runtime model representation. The
MES SysML v2 model provides the system specifications, pos-
sible connections, and ports. The NGSI-LD runtime models,
created by the SLY-parser represent the runtime instantiations.
As there exist other system modeling languages and tools,
as well as different runtime model options, this work helps
by conceptualizing mapping approaches for other underlying
model types. This would result in a completely new im-
plementation, however the SLY-based architecture stays the
same. New lexing tokens and a new grammar definition
would be necessary. During a newly defined mapping process,
concepts that are not clear to transfer would also need a
closer investigation of how to handle them. The complexity
of this paper’s proof-of-concept of the parser, including a
complex system model representing a MES, highlights the
flexible possibilities with such a tool. Concerning simulation,
accurate context representation enables dynamic simulations of
energy networks. Co-simulation capabilities benefit from the
NGSI-LD format since the runtime model can be a foundation

for actual behavioral models to monitor, predict, and maintain
the energy system. The approach of SmartDataModels makes
the reuse of already existing models possible. With the Python
package pysmartdatamodels5, a library for NGSI-LD models is
provided. Since the SLY parser is under the proof-of-concept
stage, it doesn’t have any system checking available at the
moment. Therefore it is assumed to use correct SysML v2
models.

VII. CONCLUSION

An open-source prototype SLY-based parser was developed
to map SysML v2 models to NGSI-LD models. In a proof
of concept, a hydrogen-based MES was used to create run-
time models based on its system model. As we strive for a
sustainable energy future, such open-source tools and Smart-
DataModels can be useful in existing tool chains to shape
our understanding and decision-making processes in MES and
the DT domain. Another useful approach that can be thought
of alongside direct mapping is graph transformations. It en-
ables seamless information integration within system models.
In future work, we will investigate how predefined runtime
models can represent the SysML v2 modeling concepts, since
the mapping approach seems promising for semi-automatic DT
development.
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