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Abstract:

Simulation software is crucial in energy research, serving as a key tool for analyz-
ing complex systems and testing innovative solutions. Simulations are used in this
context because real-world testing is typically expensive and time-consuming and
may jeopardize the stability and safety of critical infrastructure systems. As part
of NFDI4Energy, we are developing services to support researchers in effectively
integrating simulation into their workflows. To better understand the research com-
munity’s needs, we developed and analyzed multiple use cases that illustrate the
diverse simulation-based processes in energy research. Based on these, we designed
a structured process model that guides the use of simulation software, from plan-
ning and the initial setup over the execution to sharing results following the FAIR
principles. Notably, the process also emphasizes the value of sharing simulation
models and software, not just data, via dedicated software registries, thus enabling
research data management. Our goal within NFDI4Energy is to create new tools
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and services while integrating and connecting existing solutions through a shared
service portfolio. This paper presents an overview of the identified requirements
and the conceptual design of a Simulation-as-a-Service (SimaaS) approach tailored
to the energy research domain, offering early insights into a potential future service
landscape.

Keywords: Simulation-as-a-Service, Co-Simulation, Workflow, Use Case

1 Introduction

The use of simulation is of central importance in energy research. A simulation is a model cal-
culation that reproduces the behavior of real-world processes or systems [ESK"]. Particularly
when analyzing complex systems, such as the integration of renewable energies, simulation en-
ables testing new concepts and solutions under controlled conditions. It provides a solid basis
for decision-making for political and regulatory processes. By enabling controlled experimen-
tation without the risks, costs, or constraints of real-world implementation, simulations allow
researchers to evaluate the behavior of energy systems under varying conditions and to assess
the impact of novel technologies before deployment [PDR]. However, simulation is often asso-
ciated with a high demand for computing resources. In addition, many research groups face the
challenge of only needing performance-intensive IT infrastructure at certain times. At the same
time, the acquisition and maintenance of dedicated machines is associated with high costs [GD].

One approach to solve this problem is Simulation-as-a-Service (SimaaS), a concept that en-
ables shared computing nodes. Using cloud computing resources, simulations can be run flexibly
and efficiently on heterogeneous infrastructures [WMR . This reduces investment costs for in-
house hardware and improves the utilization of existing resources. SimaaS makes it possible to
carry out complex simulations without significant IT investments and thus supports the rapid and
flexible scaling of research activities [GD].

Particularly in energy research, easy access to powerful simulation tools accelerates the in-
vestigation of key issues and provides important insights for the energy transition [PDR]. Nev-
ertheless, technical challenges remain concerning the standardization and interoperability of the
services offered, which restricts broad access to SimaaS offerings.

In the consortium NFDI4Energy' (National Research Data Infrastructure for Interdisciplinary
Energy System Research), Task Area 5 specifically addresses challenges related to the acces-
sibility and usability of simulation tools. NFDI” as a whole has the mission to implement the
FAIR principles for research data and software [WDA ]. While not every outcome is legally re-
quired to be released as open source, there is a strong commitment across all consortia, including
NFDI4Energy, to openly publish tools, services, and data whenever possible, thereby fostering
reproducibility, transparency, and long-term accessibility. Within this context, our work con-
tributes to the development of methods and services that lower entry barriers to simulation, with
a particular focus on reproducibility and alignment with the FAIR principles for research soft-
ware. As a first step, we analyzed a set of use cases that highlight typical requirements and

! https://nfdidenergy.uol.de/
2 https://www.nfdi.de/

2/16


https://nfdi4energy.uol.de/
https://www.nfdi.de/

Eg ECEASST

challenges when using simulations in the energy domain. Based on these use cases, we de-
veloped a systematic workflow that defines the central steps and functions of a SimaaS for the
energy domain. In addition, we examined existing services and assigned them to these use cases
to identify potential gaps in the current service landscape. A crucial gap is a missing SimaaS
for the energy domain, offering access to established co-simulation frameworks. With this work,
we provide an overview of the requirements and design of the SimaaS approach and offer first
insights into a possible future service landscape.

2 State of the Art

SimaaS or Modeling and Simulation as a Service (MSaaS) describes an approach in which mod-
eling and simulation capabilities are provided as a cloud-based service. The aim is to make
the entire life cycle of simulation, from modeling to execution and evaluation, available via
abstracted, user-friendly interfaces [GD]. In this context, we define a simulation model as a
representation that reproduces the behavior of a system without necessarily including a target
function [ESK"]. Building on such models, a simulation scenario specifies a concrete plan that
references a given simulation configuration and formulates objectives that motivate and guide
the planned analysis. In more complex cases, co-simulation is employed. Co-simulation is a
special kind of simulation, where multiple models are executed in individual runtime environ-
ments. A central challenge in co-simulation lies in the synchronization and orchestration of these
heterogeneous models and their solvers [SRL " 15]. The SimaaS paradigm addresses these chal-
lenges by making complex simulation infrastructures accessible through standardized interfaces,
thereby lowering the threshold for interdisciplinary research applications [GD]. To analyze the
state of the art, we discuss different aspects that SimaaS can encompass and review existing
implementations reported in the literature.

2.1 Aspects of SimaaS

Current SimaaS platforms offer a wide range of functionalities, which can typically be divided
into the following categories:

Modeling and configuration: SimaaS enables the web-based definition and adaptation of
simulation models. Users can vary parameters and define scenarios via intuitive interfaces [GD].
This is supported by functions for managing input and output data and repositories for model
storage and reuse. Some platforms explicitly offer MSaaS to provide executable model compo-
nents.

Provision and execution of simulations: Simulations can be started on demand, scaled, and
executed in a distributed manner. Various types of simulation are supported, such as agent-
based models, discrete event simulations, or complex models [HAT "]. Technically, this is often
done via containerization (e.g., Docker) or virtual machines, combined with load distribution
and prioritization of jobs [SBC]. APIs enable cross-system integration [WW].

Experiment and workflow management: SimaaS offers options for orchestrating multiple
simulation runs, including scheduling, repetitions, deadline management, and status monitor-

3/16



A Process of Using Simulation Software in Energy Research Projects E}

ing [SAW']. Complex experiments and co-simulations can be realized by combining several
services [PDR].

Data management: A central function is collecting, aggregating, and providing simulation
results. This includes user-defined aggregation logic, data persistence, and interfaces for evalu-
ating or forwarding results [SAW].

Analysis and visualization: Real-time visualizations, 3D representations, and tools for pa-
rameter analysis, sensitivity analysis, or live queries support the analysis of simulation results.
Presentation services prepare results specifically for different target groups [HAT"].

User interaction and access: SimaaS platforms offer interactive web interfaces and APIs for
simulation control. Users receive abstracted access to complex processes, can manage simula-
tions, and dynamically adjust parameters [SBC].

Platform services and infrastructure management: In the background, services provide
resource management, elastic scaling, security mechanisms, monitoring, and support for multi-
tenancy and portability. Virtualization technologies ensure isolated, secure execution of simula-
tions [SBC].

2.2 Implementations of SimaaS

Numerous research and development projects have explored the concept of SimaaS in various
domains, demonstrating its practical applicability and adaptability to domain-specific require-
ments.

One prominent example is the GEWISS [PDR] project in the energy domain, which focuses
on simulating the interactions between urban development and district heating expansion in
Hamburg. The project utilizes a multi-agent-based co-simulation system that combines building-
level simulations with urban planning models. The underlying platform leverages loosely cou-
pled REST-based web services and cloud infrastructure to enable scalable execution of simula-
tions involving more than 100,000 agents [PDR].

Another Simaa$S from the energy domain is open-plan-tool®, developed by researchers at the
Reiner Lemoine Institute. It supports the optimized planning of decentralized energy systems for
partially covering electricity and heat demand in residential neighborhoods and industrial areas
based on oemof [HKK ™ 18]. The tool follows an open-science approach, providing all methods,
data, and source code under an open-source license. It is designed to be accessible to non-
expert users, such as municipal utilities, engineering firms, and engaged citizens, and promote
reproducibility and transparency in energy system planning. It provides a scenario editor and
simulation server, which allows creating, executing, and analyzing scenarios in a web-based
environment.

In the context of electrical power systems, [MVSM] addresses the real-time simulation of
fast, nonlinear grid phenomena. The project developed a distributed co-simulation architecture
that supports hardware-in-the-loop testing and virtualized simulation laboratories. Its flexible
infrastructure allows for high-fidelity simulation and validation of power system automation so-
lutions [MVSM].

3 https://open-plan-tool.org
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Beyond energy systems, the MaSS/Galaxy platform [WMR ] targets the biophysical model-
ing domain. It supports the sharing, reusing, and composing of complex models in a web-based
environment, focusing on reproducibility. Users can load and combine models and simulation
data from curated databases and collaboratively edit simulation setups [WMR " ].

Another domain-specific application is C2SuMo [CSG™], a traffic simulation platform tai-
lored to educational use cases. Built on the SUMO traffic simulator, C2SuMo offers a simplified
web-based interface for configuring, executing, and visualizing simulations, making advanced
modeling capabilities more accessible to students and non-experts [CSG™].

Despite the progress demonstrated by these initiatives, several challenges remain unresolved.
Most existing SimaaS approaches are limited in interoperability, typically supporting only spe-
cific simulation tools or frameworks. Integrating multiple heterogeneous simulation environ-
ments within a unified service architecture is still rare. Furthermore, standardization, interop-
erability, and long-term maintainability pose significant barriers, particularly in domain-specific
contexts such as energy research.

NFDI4Energy aims to address these gaps by developing a service-oriented platform that inte-
grates existing and newly developed SimaaS components. A key objective is to align simulation-
based research with the FAIR principles to make simulation models, scenarios, and results find-
able, accessible, interoperable, and reusable across the energy research community [WDA].

3 Overview of Use Cases

A set of representative use cases was compiled within the scope of Task Area 5 to better un-
derstand the current application of simulation technologies in the energy domain and identify
specific requirements for supporting services. The overarching goal of this task area is to sim-
plify and promote the use of simulation software in energy research by addressing common
challenges related to the FAIR principles.

As part of this effort, several supporting components are being developed:

* A research software registry aimed at increasing the visibility and accessibility of simula-
tion models and tools relevant to energy research.

* A scenario ontology that captures and formalizes key concepts and relationships associ-
ated with simulation scenarios, enabling semantic annotation, discovery, and reasoning
to facilitate the whole process from development to evaluation of co-simulation scenar-
ios [SSF25].

* A SimaaS platform for three co-simulation frameworks widely used in the domain: mo-
saik [SBE " 19], VILLASframework [VMRM17], and DaceDS [GD22]. This platform will
enable the on-demand, integrated execution of co-simulations using these frameworks.

The identified use cases help guide the development of the aforementioned services by captur-
ing user needs and workflows and assessing the capabilities and limitations of existing solutions.
These use cases reflect various practical activities and challenges in simulation-based energy
research.
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The following use cases exemplify typical tasks researchers face and provide insight into user
requirements for simulation support infrastructure:
UC1: Search for simulation software
UC2: Compare simulation software and models
UC3: Find best-suited co-simulation framework
UC4: Find simulation models and data for co-simulation
UCS: Find and reuse existing co-simulation scenarios
UC6: Creation of co-simulation scenarios
UC7: Guided creation of co-simulation scenario based on research goal
UCS8: Automated execution of a co-simulation scenario
UC9: Investigate and reproduce the results of a co-simulation
UC10: Add software to the NFDI4Energy research software registry
UC11: Add simulation model to the NFDI4Energy research software registry
UC12: Share the results of a co-simulation FAIRly
Each use case is documented in detail in a publicly accessible repository on GitHub #. The
documentation follows a structured format, including:

* Scope and objectives
» Relevant stakeholders
» Assumptions and prerequisites

* Possible execution sequences and workflows

By systematically analyzing these use cases, we gain a deeper understanding of the functional,
technical, and organizational requirements for enabling simulation as a FAIR, service-oriented
activity in the energy research domain. These insights directly inform the development of tools
and services within NFDI4Energy and contribute to the broader goal of supporting reproducible,
transparent, and efficient simulation-based research.

4 Workflow for Using Simulation in the Energy Domain

To comprehensively capture the diverse applications of co-simulation in energy systems research,
we organized the identified use cases into a structured workflow. This workflow is aligned with
the Research and Transfer Cycle described by Ferenz et al. [Fer22]. Additionally, we mapped
the use cases with services from the NFDI and energy systems research communities to identify
the services that should be integrated and the gaps that need new development.

4.1 Mapping to Research and Transfer Cycle

The Research and Transfer Cycle, shown in Figure 1, outlines five iterative phases of energy
systems research [Fer22]:

4 https://github.com/NFDI4Energy/simulation-service-requirements/blob/main/use_cases.md
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(D Identify competences, expertise, and related work,
(II) Define relevant scenarios based on (existing) models and data,
(IIT) Integrate models and data, configure interfaces, and couple tools and laboratories,
(IV) Extract and ensure the persistence of results, public consultation, and discourse,
(V) Identify research gaps and challenges for follow-up activities.
The mapping of those phases with the developed use cases is visualized in Figure 2 and described
in the following.

Identify competences,
expertise and relevant

related work

\' Il

|dentify research Define relevant

gaps & challenges scenarios and

for follow-up activities . experimental
nfdi4 e
energy

Integrate models and data,
ence of results, configure interfaces and

nsultation and coupling of tools and
laboratories

Figure 1: Research and Transfer Cycle [Fer22]

Our workflow begins with the use cases UC1 and UC2, which map to phases I and V of the
Research and Transfer Cycle. These use cases enable researchers to explore available tools and
identify new research directions by comparing capabilities and identifying gaps.

In phase II, which focuses on scenario development based on existing data and models, we
assigned the use cases UC3, UC4, and UCS. The latter use case is conditionally reached in the
workflow through a decision point asking whether a new scenario needs to be created. If the
answer is no, the researcher is directed to reuse existing scenarios. If yes, the workflow proceeds
to the use case UC6. This branching reflects typical decision paths in research: depending on
prior experience, one may prefer to reuse existing scenarios or develop a new one from scratch.

The subsequent use cases — UC6, UC7, and UC8— correspond to phase III of the cycle,
which centers on the integration and configuration of simulation environments. All paths con-
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UC1: Search for

simulation software

UC2: Compare
simulation software
and models

UCS3: Find best- UC4: Find
suited co- simulation models
simulation and data for co-
framework simulation

UC9: Investigate
and reproduce the
results of a co-
simulation

Model and
software in
registry?

UC8: Automated
execution of a co-
simulation scenario

UC10: Add software
to the NFDI4Energy
research software

registry

UCS5: Find and reuse

existing co-
simulation
scenarios

Create new
scenario?

UCB6: Creation of
co-simulation
scenarios

UC11: Add simulation
modelto the
NFDI4Energy research
software registry

UC12: Share the
results of a co-
simulation FAIRLly

Figure 2: Workflow for using simulation in the energy domain

verge at the automated execution step, emphasizing its central role in simulation-based research

workflows.

The use case UC9 addresses Phase 1V, following directly after the execution phase. A subse-
quent branching decision determines whether the models and software used have already been
published in a registry. If not, users are guided through the steps UC10 and UC11. If the com-
ponents are already registered, the workflow proceeds directly to UC12, promoting adherence to
the FAIR principles (Findable, Accessible, Interoperable, Reusable).

UCT7 is excluded from the core sequence of the workflow, as it serves as an overarching use
case that integrates multiple other use cases rather than representing a discrete step.
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It is important to note that the workflow is not designed as a strictly sequential process. Instead,
it allows for flexible entry and exit points, enabling researchers to adapt the process to their
specific project requirements and prior knowledge. This flexibility supports targeted and efficient
planning of simulation activities and simultaneously informs the development of the SimaaS
platform by highlighting functional and interoperability requirements across use cases.

Further, the described workflow systematically supports implementing the FAIR principles
for research software in energy research. By explicitly considering use cases such as UCI,
UC10, and UCS, central aspects such as the findability, accessibility, and reusability of software,
models, and scenarios are addressed. The structured documentation and registration of software
and simulation models increase visibility and facilitate reusability in research projects. The
selection of suitable co-simulation frameworks and the configuration of interoperable models
promote the use of standard interfaces and data formats. In addition, the workflow strengthens
the sustainability of research results through the targeted support of reproducibility and reuse,
for example, through the FAIR-compliant publication of simulation results.

The presented workflow describes an idealized process for using co-simulations in the en-
ergy domain. The workflow is intentionally high-level, making it generally applicable for co-
simulation use across different domains. However, the frameworks we plan to integrate into the
SimaaS hub are specifically designed for co-simulations in the energy domain. Therefore, our
focus in the following discussion is on this particular domain.

4.2 Mapping to Services

After developing the workflow, we analyzed existing services, primarily from the NFDI com-
munity, that aim to support various phases of the research process. The analysis included
generic base services provided by Base4NFDI, such as IAM4NFDI, Jupyter4NFDI, PIDANFDI,
and nfdi.software, as well as domain-specific tools and registries. The Base Services of the
Base4NFDI initiative provide basic infrastructure components to enable efficient and cross-
consortia use of digital resources within the NFDI. IAM4NFDI’ offers an integrated solution for
Identity and Access Management and enables researchers from different disciplines and institu-
tions to easily and securely access digital resources within the NFDI [GHH24]. Jupyter4NFDI®
supports the cross-consortia provision and use of Jupyter notebooks through a central service for
the execution, versioning, and reproducibility of scientific analyses [HBF24]. PID4NFDI’ aims
to improve the integration of persistent identifiers in the NFDI consortia, taking into account dif-
ferent levels of maturity of service providers and community adoption [BBB*24]. nfdi.software®
aims to establish a central marketplace for research software within the NFDI in order to pro-
mote cross-disciplinary access as well as the sustainable use and further development of scientific
software [HHG24].

5 https://base4nfdi.de/projects/iam4nfdi

6 https://base4nfdi.de/projects/jupyterdnfdi
7 https://base4nfdi.de/projects/pid4nfdi

8 https://base4nfdi.de/projects/nfdi-software
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Among the registries considered were Open Energy Factsheets, which include the Open En-
ergy Model Factsheets ° and Framework Factsheets '°, Helmholtz.Software '!, Software Her-
itage '?, re3data.org ', and the Open Energy Database '*.

In addition, we examined a variety of research data management and supplementary services.
The Open Energy Databus' is a transformative platform for agile data integration, collaboration,
and automation, built upon a structured metadata knowledge graph to support open energy data
management. The Leibnitz Data Manager '© is a data management system for federated search.
Ontology Mapping by NFDI4Ing!” uses the Metadata4Ing ontology to semantically describe re-
search data, particularly in engineering and related disciplines. The Open Energy Knowledge
Graph (OEKG)'® represents a semantic network of entities, types, properties, and relationships
relevant to energy system analysis. It follows the RDF standard and uses the Turtle format. The
Open Energy Academy ' provides a collection of training materials, tutorials, and FAQs to sup-
port users in interacting with the Open Energy Platform. The NFDI4Ing Terminology Service*
is a web-based application designed to reveal and connect terminologies across different re-
search communities, supporting interoperability within the Semantic Web framework. DBpedia
Lookup?®! is a web service that allows users to retrieve DBpedia URIs based on relevant key-
words, facilitating semantic annotation. SMECS?? is a web application for extracting and curat-
ing research software metadata following the CodeMeta standard. Finally, the EOSC Exchange
and Validation Node (EOSC EV Node)>* provides infrastructure for validating, exchanging, and
integrating research services within the European Open Science Cloud ecosystem.

These services were systematically mapped to the previously developed use cases to identify
coverage gaps and derive implications for service development and integration. Table 1 presents
the results of this mapping, showing which services support which use cases.

Use cases UC1 and UC3 focus on the search for suitable simulation software. This should
take place via a registry provided on the NFDI4Energy platform. In particular, the Open Energy
Factsheets and the nfdi.software registry are taken into account for this purpose. The Open
Energy Databus can be used to support the management and structuring of the registry data to
make this registry searchable.

9 https://openenergyplatform.org/factsheets/models/

10 https://openenergyplatform.org/factsheets/frameworks/

1 https://helmholtz.software/

12 https://www.softwareheritage.org/

13 https://www.re3data.org/

14 https://openenergyplatform.org/dataedit/schemas

15 https://databus.openenergyplatform.org/

16 https://projects.tib.eu/datamanager/

17 https://nfdiding.pages.rwth-aachen.de/metadatading/metadatading/
18 hitps://openenergyplatform.github.io/organisation/family_members/knowledge-representation/oekg/
19 https://openenergyplatform. github.io/academy/

20 hitps://nfdiding.de/5-3/

21 hitps://lookup.hu.dbpedia.org/lookup-application/

22 https://github.com/NFDI4Energy/SMECS

23 https://open-science-cloud.ec.europa.eu/
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Table 1: Services related to the use cases

Use Case Related Services
Open Energy Factsheets
UCT1: Search for simulation software Open Energy Databus
nfdi.software
Open Energy Factsheets
UC2: Compare simulation software and models Ontology Mapping by NFDI4Ing
OEKG
Open Energy Factsheets
UC3: Find best-suited co-simulation framework Open Energy Databus
nfdi.software
Open Energy Factsheets
UC4: Find simulation models and data for co-simulation Open Energy Databus
Open Energy Database
UCS: Find and reuse existing co-simulation scenarios Open Energy Factsheets
. . . . . Open Energy Academy
UC6: Creation of co-simulation scenarios IAMANEDI
UCT7: Guided creation of simulation scenario based on research goal Open Energy Database
Leibnitz Data Manager
) . . . . Open Energy Database
UCS: Automated execution of a co-simulation scenario EOSC EV Node
TAMA4NFDI
UC9: Investigate and reproduce the results of a co-simulation Jupyter4dNFDI

Helmholz.Software
Software Heritage
Open Energy Factsheets
UCI10: Add software to the NFDI4Energy research software registry re3data.org

TAMANFDI

PID4NFDI

SMECS

re3data.org

Open Energy Factsheets
TAM4NFDI

PIDANFDI
Jupyter4dNFDI
Terminology Service
DBpedia Lookup
PIDANFDI

UC11: Add simulation model to the NFDI4Energy research software registry

UC12: Share the results of a co-simulation FAIRly

For UC2, in which a comparison of simulation software and models is planned, additional
functionalities are required in addition to the registry data, such as those provided by the ontology
mapping of NFDI4Ing and the OEKG.

UC4 is about finding suitable models and data for co-simulations. The Open Energy Factsheets
and the Open Energy Database are suitable sources for this, ideally managed via the Open Energy
Databus.

To reuse co-simulation scenarios in UCS5, these should be stored in a registry such as the Open
Energy Factsheets. No entirely suitable services are available for UC6, which addresses creating
new scenarios. However, the Open Energy Academy can serve as a tool to provide didactic
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support for the creation steps. IAM4NFDI could also facilitate saving created scenarios in the
personal user profile.

UC7, which provides for guided scenario creation based on research objectives, can be par-
tially supported by the Open Energy Database. However, specialized services for full implemen-
tation are still missing.

For UCS8, which relates to the automated execution of simulation scenarios, services such as
the Leibniz Data Manager, the Open Energy Database, the EOSC EV Node, and the IAM4NFDI
basic service can implement the infrastructure. However, additional implementations are neces-
sary to cover the entire use case functionally.

Jupyter notebooks can be used in UC9, which deals with the analysis and reproducibility of
simulation results. The basic service Jupyter4NFDI provides a suitable environment for this.

The implementation of UC10, which describes adding software to a registry, can, in principle,
be carried out with any suitable software registry. However, IAM4NFDI and PID4NFDI are also
required to ensure that entries can be identified, found, and changed in the long term. SMECS
can also be used to extract relevant registration information automatically.

The Open Energy Factsheets are also suitable for UC11, where simulation models must be
stored in a registry. Integration of IAM4NFDI and PID4NFDI is also essential here. To increase
the registry’s visibility and referenceability, it should also be listed in re3data.org.

Finally, UC12 deals with the FAIR-compliant publication of simulation results. Existing
Jupyter notebooks from UC9 can be reused here. Additionally, results should be published in
suitable repositories or registers. The results should be provided with metadata that can be stan-
dardized and enriched by the Terminology Service and DBpedia Lookup to improve findability
and interoperability. The use of persistent identifiers is also crucial for sustainable findability
and accessibility.

The analysis reveals that individual use cases are typically not supported by a single service
alone. Instead, several services contribute to different aspects of a use case, and their com-
bined use is often necessary to achieve comprehensive support. In particular, infrastructure-
level services such as JAM4NFDI and PID4NFDI function as foundational components that
enable essential capabilities like identity management and persistent identification, rather than
directly supporting end-user tasks. Their value is facilitating interoperability and FAIR com-
pliance across the broader research software and data landscape. The mapping thus highlights
existing strengths within the NFDI service ecosystem and important gaps and opportunities for
further development, especially regarding integration and usability.

In this context, it becomes evident that a central, user-oriented SimaaS hub is needed to or-
chestrate and integrate distributed services. While individual tools already exist to support sim-
ulation workflows in research, identifying, combining, and applying them remains a fragmented
and time-consuming process. The hub therefore serves as a single entry point where frameworks
and services are jointly presented, enabling researchers to access, compare, and employ them in
a coherent manner. For newcomers to the field, the hub offers a low-threshold opportunity to
explore simulations and gain orientation, while experienced researchers can use it to set up and
execute both simple and complex co-simulations.

Beyond this integrative function, the hub is designed to advance reproducibility, transparency,
and the implementation of FAIR4RS principles [BCK '] in simulation workflows. Simulation
scenarios are stored in a dedicated registry to make them findable, and the development of a
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scenario ontology provides a shared interface across frameworks, ensuring accessibility and in-
teroperability. The ontology also supports the general description and semantic annotation of
scenarios, thus enhancing their reusability. The SimaaS service itself is implemented accord-
ing to FAIR4RS guidelines: it will be registered in the NFDI4Energy service portfolio, enriched
with metadata, and exposed via standardized APIs whose endpoints are aligned with the scenario
ontology. Moreover, to foster reuse and community-driven development, the implementation of
the SimaaS will be openly published on GitHub.

Within NFDI4Energy, we are developing and implementing this SimaaS hub as an openly
available service for the energy research community, aiming to foster broad adoption and col-
laborative advancement. To ensure long-term sustainability, the hub’s development and mainte-
nance are embedded in the organizational structures of NFDI4Energy and supported by institu-
tional partners and dedicated teams, thereby securing both technical continuity and community-
driven evolution.

5 Conclusion

In this work, we presented a structured analysis of the application of SimaaS in energy systems
research. Based on a comprehensive collection of use cases within the NFDI4Energy consortium,
we defined a workflow that reflects typical research processes and the associated simulation
activities. This workflow enables a systematic understanding of how co-simulation services can
support research, from identifying suitable tools and models to sharing results in a FAIR manner.

We mapped these use cases to existing services from the NFDI community and beyond, reveal-
ing both synergies and significant gaps. While various infrastructure-level and domain-specific
services already exist and partially support the identified use cases, no single service fully cov-
ers the needs of researchers across the entire simulation lifecycle. Moreover, the fragmentation
of the service landscape and the lack of integration limit the accessibility and effectiveness of
simulation-based research workflows.

These findings underline the necessity of developing a central SimaaS hub that integrates and
orchestrates existing services. Such a hub would serve as a unifying interface for researchers,
facilitating the reuse of models and software, enhancing interoperability, and lowering the barrier
to entry for complex co-simulation tasks. Ultimately, this supports the technical implementation
of FAIR principles and the broader goals of transparency, reproducibility, and collaboration in
energy systems research.

Future work will focus on the iterative development of this hub in close collaboration with
stakeholders, the expansion of the use case catalog, and the refinement of ontology-driven ap-
proaches to scenario modeling and service discovery.
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