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Abstract: Existing simulation tools from the energy domain are often limited to spe-
cific problems in the energy sector. Co-simulation frameworks enable the combination
of these models and, thus, a more realistic simulation of the energy domain. This paper
analyzes some co-simulation frameworks from the energy domain by evaluating them
according to specific criteria. Since none of the presented frameworks fulfills all the
criteria, we then present a data-centric distributed simulation framework and how we
extend it for the energy domain.
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1 Introduction

The importance of analyzing, simulating, and optimizing energy systems to manage the
energy transition increases. Since energy domain research is interdisciplinary, model-
ing energy systems is a complex task [1]. Existing analysis tools for energy and power
systems often focus on specific aspects within those systems. When used by them-
selves, these tools do not provide a realistic simulation of the entire energy sector, as
the different domains are highly interconnected and influence each other [2]. A promis-
ing solution to this problem is to make existing tools interoperable by connecting them
via middleware. This allows the co-simulation of different heterogeneous models and
provides more reliable and realistic results [2].

During co-simulation, different models are executed and solved. Therefore, synchro-
nization and orchestration are significant challenges of co-simulation [3]. There are
already various approaches to co-simulating energy simulators in the literature. In the
following, we provide an overview of several co-simulation frameworks from the energy
domain and show which criteria for co-simulation they fulfill. Afterward, we describe the
data-centric distributed simulation framework (DaceDS) [4] and how we plan to extend
it to the energy domain.
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2 Overview of Co-Simulation Frameworks

Table 1 gives an overview of co-simulation frameworks used in the energy domain. We
review the frameworks according to the following criteria:

* Are they extendable,

+ do they couple multiple domains,

+ do they use loose coupling,

+ do they enable distributed simulation,

+ do they have a graphical user interface, and
» are they open source?

A co-simulation framework should be extendable as new simulation tools are con-
stantly developed and existing tools are constantly improved. Extendability refers to
how easily the framework can be customized by adding new features, modules, or in-
terfaces to meet specific requirements or use cases. Extendable co-simulation frame-
works, like mosaik [5] and FNCS [6], allow developers to integrate additional compo-
nents, models or algorithms without redeveloping the entire system [7].

The way simulators are coupled can vary. Some simulators, like GECOS [8] and
EPOCHS [9], are directly or strongly coupled, meaning that the coupled simulators can
exchange specific functions and data directly. MESCOS [10], on the other hand, uses
a loose coupling of the simulators. Loose coupling means that the simulators work
independently of each other and communicate via an interface or middleware without
having to intervene deeply in the internal processes of the other simulator [11]. Simu-
lators can run in parallel and communicate with each other as required [12]. Loosely
coupled simulators are flexible and can easily be replaced or updated with new simu-
lators without affecting the other simulators.

Since the energy domain interoperates with other domains, a co-simulation frame-
work should allow coupling with simulators from other domains. Simulators from differ-
ent domains often use different models and data formats. Converting and harmonizing
these models to connect them can be difficult. The TOOCC [2] uses ontologies to pro-
mote interoperability between heterogeneous systems by providing a joint vocabulary
base for information exchange [2]. Simulators can have different time steps and tempo-
ral resolutions depending on what they are simulating. Synchronizing these simulators
to enable a coherent simulation is a big challenge in co-simulation [3].

Some frameworks, like the VILLASframework [13], offer the possibility to perform par-
allel simulations in addition to co-simulation. During a parallel simulation, the execution
of a single simulation is split across several processors. The aim is to shorten the ex-
ecution time of a simulation [14]. [15] summarizes these types of simulation under the
generic term distributed simulation.

The last two criteria in the table are graphical user interface and open source. These
criteria are important for a co-simulation framework as they determine the accessibility
and user-friendliness of the framework.

Table 1 shows that no framework satisfies all the criteria simultaneously. We need a
framework that meets all criteria to provide a simulation service. Therefore, in the next
section, we present DaceDS [4].
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3 A Data-Centric Distributed Simulation Framework

DaceDS provides a coupling method for distributed simulations based on a data-centric
concept. It does not store data within the individual subcomponents of a simulation but
in a shared data pool. The framework uses a middleware-based approach, with the
topic-based publish/subscribe message streaming system Kafka [4]. Using a struc-
tured, rule-based procedure, the framework couples components by exchanging pre-
defined data tuples. The components are described using a domain layer taxonomy,
which achieves a trade-off between the structured coupling of components and ad-
dressing components [29]. Hence, the framework uses loose coupling and is extend-
able. It offers the possibility to carry out parallel and distributed simulations. Via a
graphical user interface, users can compose models or components, trigger the simu-
lation of scenarios, and evaluate results from the simulation [4].

The framework can link the MATSim [30], PTV Visum [31], SUMO [32], Carla [33],
and OMNeT++ [34] simulators. It was initially developed for the mobility sector but is
not conceptually limited to this domain. To extend the framework with simulators from
the energy domain, we have to perform the following steps:

» Write a wrapper for each new simulator,

* write translators for the communication between simulators with different levels of
abstraction and

* write projectors for the communication with simulators from other domains.

We already started integrating the energy simulator Python for Power System Analy-
sis (PyPSA) [35] into the framework. Therefore, we have written a wrapper that allows
one or more instances of the simulator to be called by the framework, which allows the
parallel simulation of power systems with PyPSA. In addition, the wrapper allows the
individual instances of PyPSA to exchange messages via Kafka.

4 Conclusion

Co-simulation of different models is necessary for the complete and realistic simulation
of energy systems. There are many co-simulation frameworks in the literature. In
Table 1, we summarized different co-simulation frameworks from the energy domain
and evaluated them using different criteria. The table shows that none of the existing
frameworks from the energy domain meet all of the criteria. As shown in the previous
section, DaceDS fulfills all the criteria, but we still need to extend it to include simulators
from the energy domain. We are already working on adding the PyPSA simulator
and plan to add further simulators from the energy domain. Furthermore, we want to
simplify coupling multiple domains with the help of ontologies to make writing additional
translators or projectors no longer necessary.
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