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1 Use Cases for Research Data Management Services

To establish Research Data Management (RDM) services and support their use in
the research community, use cases for showcasing the services in a typical research
project are defined. These use cases include realistic energy research projects with a
typical research question. To improve existing workflows concerning RDM, research in
the use cases will be conducted differently to the status quo, by focusing on the RDM
aspect of the research process and using RDM services from NFDI and beyond. By
doing so and providing best practices or tutorials, the use cases aim to improve RDM
processes during the whole research life cycle. In the following, the specific use cases
are presented including how their outcomes improve RDM services.

1.1 Use Case 1: Co-Simulation in Laboratories with
Power-Hardware-in-the-Loop (PHiL)

Co-Simulation is a field that is used whenever multiple domains or topics need to be
combined. It is especially interesting when including hardware components. However,
many different approaches exist, and it is not easy to exchange components between
simulators.

Within NFDI4Energy, the German consortium on RDM in energy system research,
a new co-simulation ontology is being developed that shall simplify interoperability be-
tween simulators and co-simulation frameworks [1]. This use case will create an ex-
ample application of this ontology to define the simulation scenario more generically
and to demonstrate the simulation as a service (SimaaS) capabilities that shall help
to perform such simulations in the future. Therefore, demonstrating the advantages
of FAIRly published simulation models and the ease of running predefined simulations
based on semantic co-simulation models, that are machine readable.
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At the current stage of the research project, the technical boundaries and scenario
for the use case are being defined to ensure that the use case is attractive and can
test the critical features of the ontology and SimaaS. The current depiction contains
the interconnection of a low-voltage power grid, an electric car charger, a photovoltaic
system and one or more models of the thermal and electrical properties of buildings. All
components will be interconnected via the VILLASnode framework [2]. Moreover, the
voltage stability with and without controllable low-voltage transformer is investigated.

1.2 Use Case 2: Long term Energy System Scenarios, Society and Energy
Politics

Energy system scenarios provide information about potential future system designs
and corresponding transformation pathways. Such quantitative scenarios are derived
using energy system models, often applying a techno-economic optimization approach
under different types of boundary conditions [3]. From a RDM perspective, the area
of long term energy system scenarios thus includes challenges at different levels of
the research process. The underlying models integrate various methodological de-
cisions and parameter settings, thus relying on concepts published in the literature
and parameters drawn from databases. For transparent publication and communica-
tion of scenario results, both the underlying input and resulting output data from the
modeling process must be made available in an accessible format. To derive robust
information about trade-offs between different options or potential no-regret options,
scenarios from different studies must be investigated from an overarching perspective,
which poses a challenge when comparing results published using potentially inconsis-
tent data structures [4]. The second use case addresses these issues in the context of
research on long-term energy system scenarios focusing on Germany, but also includ-
ing the European perspective. The different measures aim to provide transparent and
open comparative information and data on these scenarios, including input and output
data, and a representation of modeling concepts. Scenarios for the transition towards
a climate-neutral Germany as well as selected European scenarios will be integrated
into the database infrastructure of the Open Energy Platform (OEP) [5], annotated with
terms from the Open Energy Ontology (OEO) [6]. This process has already been tested
and documented for input and output data from the European CLEVER scenario [7].
Building on work from previous projects like SIROP [8], various scenario factsheets
have been integrated into the scenario bundle framework. In the next steps, further
scenario data will be integrated and annotated, allowing qualitative and quantitative
comparisons over a wide range of existing energy system studies. At a later stage of
the work on this use case, concepts for visualizations and interactive elements will be
developed, facilitating the communication of the resulting analysis to a wide range of
stakeholders [9].

1.3 Use Case 3: Distributed Simulation in Distributed Energy Systems

Distributed simulation is increasingly important in energy systems due to the integration
of decentralized generators, potentially flexible demand and local storage options re-
sulting from the energy transition. In this use case, we consider the research question:
How to design a robust distributed system to coordinate flexibilities for the electricity
grid?

We aim to improve the current workflow regarding RDM by providing best practices
and tutorials for the specific steps in the research life cycle regarding RDM services.
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As typical research begins with finding the right models to work with, i.e. simula-
tion models, we explicitly recommend using the Open Research Knowledge Graph
(ORKG)1 for this step. While using it for different tasks within the use case, as in [10],
we collected our findings to prepare best practices on using the ORKG for energy
research. An explanation video will be created, focusing on the relevant aspects for
energy researchers, i.e. using the correct ontologies. The video will help researchers
to use the ORKG specifically for energy research and simplify the process of finding the
correct models for the simulation. We additionally consider the simulation of Distributed
Energy Resources (DER) in energy systems, including their flexibility. However, mod-
eling flexibility is a challenge due to its complexity. For this reason, we provide best
practices on which criteria to consider when dealing with flexibility. These guidelines
support others to easily find the correct model of flexibility for their use case. By pub-
lishing a website providing an overview of existing flexibility models, this step in the
research data lifecycle is simplified.

2 Conclusion: Use Cases to improve RDM

By demonstrating the usability of RDM services, providing example applications, and
making existing data easily accessible, the use cases presented will support workflows,
whether for analysis or implementation. In addition, tutorials and best practices for
existing services are prepared. In this way, the use cases showcase how the concepts
and services developed in NFDI4Energy simplify existing workflows along the research
lifecycle by supporting users in applying RDM services and thus promote their use in
the research community.
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