SARGON2 Ontology: Updating SARGON
Ontology for Semantic Data Sharing in the Energy
Domain

Su Mon Tun
Institute for Automation of Complex Power Systems
RWTH Aachen University
Aachen, Germany
su.tun@eonerc.rwth-aachen.de

Ferdinanda Ponci
Institute for Automation of Complex Power Systems
RWTH Aachen University
Aachen, Germany
fponci@eonerc.rwth-aachen.de

Abstract—The power systems are becoming a decentralized
cyber-physical system with new energy demands, grid infras-
tructure, and renewable energy sources, introducing challenges in
managing heterogeneous data across various domains within the
energy domain. As a result, the harmonization of heterogeneous
data becomes one of the possible solutions for the development
and analysis of novel solutions in the energy domain. Semantic
Web technologies serve as effective solutions to tackle the chal-
lenges of heterogeneous data integration across various sectors,
including smart energy systems. By providing machine-readable
information and facilitating a shared understanding of data
for both humans and machines, these technologies, especially
ontology, enable the linking of domain-specific information. To
address this issue, we propose the development of SARGON2
ontology by using a semi-automatic ontology development frame-
work that extends SARGON to enhance interoperability within
the energy domain. SARGON2 extends SARGON ontology to
cover more renewable energy resources, weather information,
and power system components. By integrating the ontology
with the existing standards, such as IEC61970 CIM, SARGON2
incorporates entities related to RES, building domains, and non-
energy domains like weather information.

Index Terms—SARGON, ontology, semantic interoperability,
CIM.

I. INTRODUCTION

The transition of power systems has introduced unprece-
dented changes, including in energy demand, grid infras-
tructure, low-carbon landscape, and more renewable energy
resources (RES). Due to the fact that these power systems
highly rely on the digital architecture and also include multiple
domains, the interoperability of heterogeneous data across
various domains within the energy sector has become a major
challenge. To address this issue, ontologies are considered a
crucial element of the semantic web, offering knowledge about
entities and their relationships in formats that are readable by
both humans and machines.

On the other hand, ontology plays a significant role in data
spaces by providing a structured data model for representing
knowledge and facilitating interoperability among diverse data
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sources. Data spaces are essential to promote the digitalization
of power systems, leading to a new era characterized by
enhancing efficiency, reliability, and sustainability [1]. In a
data space, ontologies can provide data discovery, sharing, and
integration by allowing systems to understand the meaning of
the data they interact with. In addition, various stakeholders
such as utilities, data providers, and data consumers with
different levels of knowledge are interconnected with the data
space. As a consequence, this kind of data management system
can introduce scalability challenges and complexity in main-
tenance for handling unstructured or rapidly changing data.
Ontologies can help address these challenges by providing
standardized vocabularies and relationships that facilitate the
interpretation of data across stakeholders, hence simplifying
integration processes and enhancing interoperability.

SARGON [2] ontology covers the smart grid and building
information by linking with CIM and IEC standards. How-
ever, the entities of SARGON related to the power systems
and renewable energy resources are not sufficient, and the
extension of the ontology is necessary by considering these
points. This work develops SARGON?2, which is an extension
of SARGON using a semi-automatic ontology development
framework in [3] by integrating the existing standards in the
energy domain like IEC61970 Common Information Model
(CIM) [4]. SARGON2 aims to include entities such as re-
newable energy resources (biomass, biogas, geothermal, solar,
and wind), the energy domain, the building domain, and
weather information. In this paper, we focus on solving the
problem of heterogeneous data by developing a SARGON2
ontology. More specifically, the paper provides the following
contributions:

o the extension of SARGON ontology by adding new
entities in RES, weather information, and more power
system components based on the specified use case;

o the step-by-step task-specific updating workflow of the
ontology by following the semi-automatic ontology de-



velopment framework.

II. LITERATURE REVIEW

This section discusses existing ontologies in the smart
energy domain, state-of-the-art ontology development tools,
the CIM standard, and ontology.

A. Existing Ontology in Smart Energy Domain

SARGON [2] ontology is developed to cover several ontolo-
gies in the smart grid and building automation. Additionally,
the requirement specifications of the ontology were surveyed
in conjunction with the CIM and IEC standards. SARGON
includes classes covering medium voltage distribution grid
automation, phasor measurement unit (PMU) interaction for
better grid monitoring, and building automation, focusing
on energy demand management through smart meters and
actuators, with active user participation.

SAREF4BLDG [5] is designed to bridge the interoperability
gap between different stakeholders (such as architects, en-
gineers, consultants, contractors, and product manufacturers)
and the applications used to manage building information
throughout the phases of the building life cycle (Planning and
Design, Construction, Commissioning, Operation, Retrofitting/
Refurbishment/ Reconfiguration and Demolition/ Recycling).
By adopting SAREF4BLDG, smart devices from manufac-
turers supporting the Industry Foundation Classes (IFC) data
model can communicate seamlessly with each other.

SAREF4ENER [6] is designed to focus on demand re-
sponse scenarios, where consumers offer energy flexibility
to the smart grid. Use cases include optimizing appliance
operation through power profiles to enhance energy efficiency,
monitoring appliance status, and responding to grid requests
like consuming more or less energy based on availability, or
reducing power usage during emergencies.

The Smart Building Evacuation Ontology (SBEO) [7] is a
reusable framework for indoor spaces that integrates three key
data models: user, building, and context. Its structure includes
a user model to represent the characteristics and relationships
of the occupants, a building model to describe the layout and
infrastructure, and a context model to capture dynamic changes
in both the building and its occupants. Through SBEO, build-
ing evacuation processes can be enhanced by providing a
comprehensive understanding of occupants, infrastructure, and
real-time conditions.

B. Ontology Development Tools

In the matter of ontology development methodologies,
several tools have been developed, starting from the 1990s
[8]. Skeletal Methodology [9], also known as the Enterprise
Method, is used primarily to build enterprise ontologies. This
methodology emphasizes the importance of defining the ob-
jectives and understanding user requirements before beginning
the development of the ontology.

Ontology development 101 [8] is designated for developing
a domain ontology. The approach relies on an iterative design
process, enabling developers to create an ontology with the

use of Protégé [10]. This also considers reusing existing
ontologies.

The On-To-Knowledge (OTK) methodology [11] is de-
signed for the application-driven ontology development, par-
ticularly during the implementation of ontology-based knowl-
edge management (KM) systems. This methodology guides
the entire process, from the initial stages of a knowledge
management project to the final deployment of the ontology-
based application. On-To-Knowledge consists of six activities,
i.e., feasibility study, kickoff, refinement, evolution, and main-
tenance. Therefore, it involves the early stage of starting a
KM project to the final version of the ontology-based KM
application.

The methodology outlined in [12] is a scenario-based ap-
proach that identifies nine specific scenarios to develop ontolo-
gies and ontology networks. Additionally, this framework sup-
ports the creation of ontologies and ontology networks through
the reuse of existing ontologies, non-ontological resources, and
the application of ontology design patterns.

Linked Open Terms (LOT) [13] is a lightweight framework
designed for developing ontologies and vocabularies, particu-
larly focusing on industrial applications and the Semantic Web.
It integrates various activities such as requirements specifica-
tion, ontology implementation, publication, and maintenance
while emphasizing collaboration between domain experts and
software engineers. LOT encourages the reuse of existing on-
tologies and promotes best practices for publishing ontologies
in compliance with Linked Data principles.

The comparison of the above-mentioned methodologies for
developing ontology has been carried out depending on the
ontology reuse, data model transformation, ontology inte-
gration, and maintenance factors. It is discovered that the
mentioned ontology development methods, except the Skeletal
Methodology, define the ontology reuse. Nonetheless, how to
carry out the knowledge search for the existing ontology has
not been mentioned.

C. CIM standard and CIM ontology

Common Information Model (CIM) is an open standard
developed by the Electric Power Research Institute (EPRI) in
North America to represent power system components [14].
Additionally, CIM offers a standardized vocabulary used to
establish the interfaces for integrating services and applica-
tions, as well as defining internal data structures within appli-
cation database schemas and message formats for information
exchange in RDF or XML schema [15]. Typically, CIM is
represented with Unified Modeling Language (UML), which
outlines the classes, properties, and relationships that can be
utilized to describe an object.

In contrast, ontologies provide a much richer vocabulary
for expressing these relationships. CIM ontology defines the
relationships between various entities and concepts within
the CIM, allowing for better representation of knowledge
and facilitating applications like information management and
systems integration [15].



III. ONTOLOGY DEVELOPMENT

In the ontology development process, the development of
ontology (SARGON2) is performed by following the semi-
automatic ontology development framework in [3]. The pro-
cedure and components utilized in this process are illustrated
in Figure 1. The procedure is discussed in detail as follows:
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A. Determination of the domain and scope

Before starting the development of the ontology, the process
of defining the purpose of the ontology, end users, use cases,
and requirements specification was performed. By following
the guidelines mentioned in [16], the Ontology Requirement
Specification Document (ORSD) has been formulated based
on the desired use cases. The scope of the ontology is to focus
on the energy, building, and weather domains.

B. Requirement Specification

In this paper, the ontology requirements are divided
into non-functional requirements and functional requirements.
While non-functional requirements are the general require-
ments that should be met by the ontology, the functional
requirements define more specific content-based requirements
in the form of competency questions (CQ) and the answers to
them. The last section of ORSD has mentioned the frequencies
of the terminology (names, adjectives, and verbs) that appeared
in the CQs and their answers that are formally represented
in the ontology by means of entities, classes, attributes, rela-
tions, and instances. The most frequent terms are utilized as
keywords for the knowledge search section.

C. Knowledge Search

This section conducted the survey on the existing ontologies
and data models that are relevant to the domain and scope of
the ontology by using the terms from the ORSD. The keywords
participated in the discovery section include Energy, building,
weather, renewable energy resources. This knowledge search
is performed mainly on the Terminology Service NFDI4ING
[17], LOV, and FIWARE [18]. The related ontology results
can be seen in Table I.

TABLE I
KNOWLEDGE SEARCH RESULTS

Ontology Domain

SARGON Energy, Building, Device
SAREF4BLDG Energy, Building, Device
SAREF4ENER Energy, Device
SAREFAGRID Energy, Smart Grid

EM-KPI ontology Energy, Building, Device,

Weather
Semantic Sensor Network Device
Flow Systems Ontology Energy, Device
CIM Ontology Energy
Smart Building Evacuation
Ontology Building

D. Ontology Selection

In order to select the suitable ontologies to be reused
based on the requirements of ORSD, the ontology selection
is performed. Since SARGON?2 is an extension of SARGON
with the integration of CIM ontology, both SARGON and
CIM ontology are selected by default. However, there are still
entities required to meet the requirements that can be adopted
from the other ontologies. Therefore, the selection of suitable
ontologies from the knowledge search is performed using the
large language model Energy BERT [19]. Energy BERT is
an extension of the BERT pre-trained model, which learns
information from the left and right contexts of the dedicated
word and captures the different meanings for the same word
in different contexts. The Energy BERT is trained by using
dynamic masking and a larger batch size to make full use
of the semantic information contained in the energy domain
corpus. Masked Language Model (MLM) is used in training
the Energy BERT without using Next Sentence Prediction
(NSP), since it is more applied to quality assurance (QA) tasks,
which are not so helpful with semantic matching.

For the ontology selection algorithm, the lexical chain in
the relevant domain is defined based on the knowledge search
and is used as the first entry in the workflow. Then, the Energy
BERT semantic similarity score is calculated for each ontology
in the knowledge search with the word chain.

E. Ontology Matching

The selected ontologies from the previous step are used as
input for the matching step. The purpose of this step is to find
the semantic correspondence between the classes, properties,
or axioms of two ontologies that are chosen to be merged.
The reason behind this process is to avoid duplication in
the entities after the merge. To perform this, the semantic
similarity of the entities within two selected ontologies is
calculated using the pre-trained Energy BERT model. During
the process, the threshold for the similarity score is set to
only consider entities with higher scores to participate in the
merging process. The results of the classes, object properties,
and data properties that are higher than the threshold value are
checked to decide whether they are identical or a child class
of the other counterpart manually.



F. Ontology Merging

The ontology merging is the process of combining two
or more ontologies into one ontology. During the merging
process, the decisions made in the ontology matching process
are performed. Protégé [10] is used for merging two whole
ontologies: SARGON and CIM, and the merging of a cluster
of classes, seen in Figure 2, from the EM-KPI ontology.
EM-KPI ontology [20] is designed to facilitate the exchange
of master data and key performance indicators (KPIs) for
energy management at the district and building levels, fo-
cusing solely on electricity usage. It integrates KPIs and
their calculations, along with relevant master data domains,
to provide a framework for tracking and improving energy
performance. The ontology includes various components, such
as KPI, Infrastructure, Weather, Occupancy, Observation, and
Domain parameters.

G. Conceptualization

The merge between SARGON, CIM ontology, and EM-KPI
ontology fulfills the requirement specifications of the use case
to some extent. However, some of the concepts and relation-
ships need to be defined more to answer as many CQs as
possible. The modification and adaptation are performed on the
merged ontology depending on the requirements. In this step,
new concepts like Hydrogen, Biomass, Biogas, Geothermal,
Indoor Environment, indoorSpaceCooling, indoorSpaceHeat-
ing are added as classes to fulfill the requirements in the
ORSD.

H. Evaluation

Among the existing ontology evaluation tools, like OOPS
[21], SARGON? is tested and evaluated using the plug-in
reasoner available in Protégé, Pellet [22], an open-source
OWL-DL reasoner available which is faster in this case of
a huge ontology, reliable, and easier to run the evaluation
in Protégé. This reasoner is based on the tableau algorithm
and supports expressive description logics. Furthermore, the
ontology is tested with the OntoDebug tool [23] in Protégé,
which gives the final statement of the ontology as a prompt.

1. Maintenance

The final step of the iteration is the maintenance, which
includes the ontology publication and considering further
requirements as needed. In this step, the ontology publication
is carried out by OnToology [24]. OnToology is a web-based
application that works with Git-based environments and other
semantic web technologies. It provides the documentation,
evaluation, publication, and versioning of the ontology. Firstly,
the ontology is pushed into the git repository, and OnToology
gets access to it. Subsequently, it runs the process automat-
ically and is able to publish the ontology with the specific
Internationalized Resource Identifier (IRI). The ontology is
then checked with the Syntax checker on OnToology, and
it gives the result that the syntax is correct. The published
SARGON?2 ontology can be accessed in [25]. In this step,
according to the use case and user requirements, the editing

of the ontology can be done and publish the ontology as a
version.

IV. SARGON2 ONTOLOGY

As mentioned in III-E, the ontology matching step is per-
formed before the ontology merge to avoid duplication of the
entities after the merging of two ontologies. For this reason,
CIM and SARGON ontologies are taken into the ontology
matching process under the threshold value of 0.75 Energy
BERT similarity score. The concept behind it is to decide
whether entities should be considered as either EquivalentTo
or SubClassOf, or SubPropertyOf. In this work, the merging
of the classes are emphasized rather than the relationships
since they define the main entities and concepts. After run-
ning the matching process, 518 entities that are above the
similarity score of 0.75 were detected. Following this, the
manual decision on whether the entities should be put in the
relevant relations is performed. As a result, 13 EquivalentTo,
17 SubclassOf, and 128 SubPropertyOf relationships between
the entities of two ontologies are performed. Finally, at the
step of ontology evaluation, the ontology debugger gives the
result as ”The plug-in ontology is consistent and coherent.”.

SARGON?2 ontology has been developed based on the re-
quirements of the Crete Valley European project. This project
is envisioned as a decentralized renewable energy system that
combines leading-edge ICT technologies, interoperable, and
open digital solutions (including data sovereignty). Consider-
ing the requirements in the project, the ORSD for SARGON2
has been developed, having 22 CQs such as What are the types
of renewable energy resources? Hydrogen, Biomass, Biogas,
Geothermal, Solar, Wind, and 88 keywords both from CQs and
answers to CQs.

By following the procedures in Sectionlll, the SARGON2
ontology has been developed. As a result, the SARGON2
ontology consists of a total of 78,889 axioms, including
24974 classified as logical and 14,332 declaration axioms
count. Within its structure, there are 2,109 classes, 6,840
object properties, 2,277 data properties, and 3,093 individuals,
as well as 14 annotation properties. Moreover, it features
2,380 SubClassOf axioms, with 14 EquivalentClasses and 5
DisjointClasses. The overview structure of this final ontology
is shown in Figure 2.

The resulting ontology represents the energy domain, in-
cluding building, and weather information based on the speci-
fied use case. Additionally, this ontology has entities on RES,
consisting of hydrogen, biomass, biogas, geothermal, solar,
and wind. In the evaluation phase, where SARGON?2 is tested
for the answerability, this ontology can answer more than
80% of CQs defined in the ORSD. Therefore, the SARGON2
ontology not only covers the necessary components of the
power systems but also fulfills the requirements.

A. Application

As SARGON2 mainly focuses on the energy domain,
including RES, the ontology serves as a shared vocabulary
that facilitates the integration of data from different sources,



allowing disparate systems to communicate effectively. For
example, by providing data interoperability, SARGON2 can
significantly benefit [26], a tool which supports real-time
simulation operating in the dynamic phasor (DP) approach.
As the terminologies used for the specific data might be
different for each stakeholder, for example, Voltage is used
in Company A but V is used in Company B. In this case,
DPsim may encounter difficulties in processing data if it is
presented with inconsistent terminology. SARGON?2 addresses
this challenge by providing a standardized vocabulary and
relationships, ensuring that DPsim can accurately interpret and
utilize the data it receives.
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Fig. 2. General visualization of SARGON?2 ontology

V. CONCLUSION

In this work, the step-by-step process of developing SAR-
GON2 ontology by using a semi-automatic ontology devel-
opment framework has been discussed. Based on the require-
ments of the Crete Valley project, SARGON2 has been for-
mulated by reusing SARGON, CIM, and EM-KPI ontologies
by focusing on the extension of the SARGON ontology. The
Energy BERT language model has been utilized to select
the related ontologies, and the result is helpful in choosing
which ontology should be reused. Moreover, the process of
ontology matching with Energy BERT efficiently gives the
entities that have a high similarity score between ontologies
in a short amount of time in order to avoid duplication.
However, the extension of the SARGON ontology with the
involvement of the CIM ontology and weather information
classes from EM-KPI fulfilled the requirements with high
answerability for CQs by presenting the required power system
components according to the specified use case. As a result,
SARGON?2 ontology achieves high coverage in real-world
datasets. SARGON?2 focuses on the entities of power system
components, weather-related, and building-related.
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