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Abstract. Simulations play a crucial role in energy systems research, yet their execution is often
complex and computationally intensive. To address these challenges, this work presents the
infrastructure for a Simulation-as-a-Service (SimaaS) hub that enables on-demand execution of
simulations while also providing complementary services to support their use. The proposed
architecture is structured into three layers Service, Communication, and Infrastructure, which
together offer scalable access to simulation tools, standardized interfaces, and reliable execution
environments.

Keywords: Co-Simulation, Simulation-as-a-Service, Infrastructure

1. Introduction

Energy system research is often based on simulation, which enables the analysis of complex
systems and the testing of new concepts under controlled conditions [1]. In particular, studies on
the integration of renewable energies rely on simulations to evaluate system behavior, assess
novel technologies, and provide evidence-based insights for political and regulatory decisions.
However, performing complex simulations often requires substantial IT resources, which can be
cost-prohibitive and underutilized outside peak research periods [2].

To address these challenges, the NFDI4Energy consortium aims to simplify access to
simulation tools by developing a Simulation-as-a-Service (SimaaS) approach. SimaaS allows
researchers to run complex simulations without investing in dedicated infrastructure, providing
flexible scalability and easy access to powerful computational tools. By lowering the technical
and financial barriers, SimaaS accelerates research processes, supports scenario analysis
for renewable energy integration, and contributes to evidence-based strategies for the energy
transition [1]. This work presents an overview of the infrastructure underlying the SimaaS hub,
currently being developed as part of NFDI4Energy.
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2. Overall Architecture

In previous work [3], present an initial mock-up of the SimaaS hub. The core services of the
hub comprise the software registry and the SimaaS component itself. The software registry is
designed to provide an overview of existing energy research software and models by cataloging
their associated metadata. The SimaaS component enables users to execute simulations with
mosaik [4], DaceDS [5], and the VILLASframework [6] directly over the internet. These three
co-simulation frameworks serve different purposes within the energy domain. mosaik [4] is widely
adopted in the energy research community and supports co-simulation through established
domain-specific simulation tools. DaceDS [5] employs a publish–subscribe mechanism that
enables a very loose coupling of simulation components and additionally incorporates simulators
from the traffic domain. The VILLASframework [6] enables real-time co-simulation with hardware-
in-the-loop setups. To implement the SimaaS hub, we are developing a prototype based on the
infrastructure shown in Figure 1. The architecture is structured into three layers: the Service
Layer, the Communication Layer, and the Infrastructure Layer.

A related work for the SimaaS approach is the OpenPlan tool, which provides a similar
service for the use with oemof a open-source framework for the optimization of energy supply
systems. It allows to create scenarios directly in the browser and execute them on a server
infrastructure. The scenario management has different requirements for our co-simulation
frameworks, but the infrastructure part of OpenPlan is comparable and will be used as starting
point for our SimaaS approach.

Figure 1. Architecture overview of SimaaS Hub

2.1 Service Layer

The Service Layer includes the frontend, user management, and scenario management
components. The frontend provides access to the available services, enabling users to configure
and execute simulations as well as to add and browse registry entries. The user management
component ensures that created artifacts and resources can be assigned to individual users,
allowing, for example, subsequent edits to entries in the software registry. Scenario management
stores simulation scenarios and enables users to share them with others. By ensuring that
scenarios can be re-executed consistently, this layer contributes to scientific reproducibility.
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2.2 Communication Layer

The Communication Layer acts as the connector between the frontend and the backend. It
comprises two APIs that interface with the software registry and the co-simulation frameworks.
For the connection between the scenario management and the execution in the co-simulation
frameworks a ontology-based data schema will be implemented. It is based on the NFDI4Energy
scenario ontology, which defines the concepts contained in a simulation scenario as well as the
relationships between them [7]. Since all three co-simulation frameworks rely on the scenario
ontology as input, it also functions as a common schema described by one of the APIs. Using
supporting tools such as pydantic [8], the validity of a scenario file can be automatically verified
against this ontology. The OpenPlan tool provides an existing API implementation for oemof [9].
Its lightweight design allows for straightforward adaptation, which we leveraged in our prototype.
For the software registry, however, we will develop a dedicated API because the registry is
based on the ERS-Meta [10] schema, which differs significantly from the scenario ontology [7].
ERS-Meta [10] is a metadata schema developed within NFDI4Energy by Ferenz to describe
energy research software in a structured and interoperable manner. Through the API of the
software registry, its contents can be accessed by external services.

2.3 Infrastructure Layer

The Infrastructure Layer contains the software registry database and the three co-simulation
frameworks. To avoid interference between frameworks, we deploy each in its own container. To
address the scalability and interoperability challenges inherent in heterogeneous simulation en-
vironments, we leverage a cloud-native architecture based on Docker [11] and Kubernetes [12].

The OpenPlan simulation server offers not only an API but also a task-distribution
mechanism that receives API requests and forwards them to the simulation framework. We
extended it to a generalized Simulation Server that routes incoming requests and their associated
input files to any implemented worker via a message queue, rather than being coupled directly to
a single simulation tool. In this architecture, each simulation framework contains a self-contained,
long-running core service that executes simulations. The core service consumes task messages
from the message queue and translates them into an ephemeral job specification that it submits
to the Kubernetes API. The Kubernetes API schedules the jobs dynamically and executes them
in isolation. This separation means that how we manage tasks does not depend on the specific
setup we use, allowing us to easily switch from a local computer to a larger distributed system in
the future without changing the code.

While Kubernetes manages container resource-level scheduling, the coordination between
the OpenPlan API and the simulation workers requires an additional application-level messaging
mechanism. To this end, we use a message broker (RabbitMQ) and an in-memory data store
(Redis). RabbitMQ implements the AMQP protocol, enabling language-agnostic communication
between the API and the simulation workers. When the API receives a request, it publishes a
task message to a durable RabbitMQ queue rather than invoking a simulation process directly.
The queue ensures the API remains responsive under load by buffering incoming requests and
dispatching them to available workers at their own pace. Redis complements this mechanism by
providing real-time tracking of task states. Each simulation task is assigned a universally unique
identifier, and its status is maintained in Redis. When the worker finishes its task, it saves links
to the created result files in Redis. This lets the API quickly respond to status requests without
having to check the simulation containers or the storage layer directly.
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3. Conclusion

The paper provides an overview of the SimaaS hub prototype, developed within the NFDI4Energy
consortium, to help energy researchers use simulations for their projects.

The SimaaS hub features a well-structured architecture organized into three layers:

• Service Layer: Enables user interaction and scenario management.
• Communication Layer: Connects frontend with backend services and simulation frame-

works.
• Infrastructure Layer: Houses databases and co-simulation frameworks.

Utilizing a cloud-native design with Docker and Kubernetes, SimaaS enhances scalability
and interoperability while ensuring scientific reproducibility. The paper highlights SimaaS’s
potential to enhance energy research processes and support the integration of renewable
energy by providing flexible and efficient simulation capabilities.

Data availability statement
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ontology. ”GitHub repository for collecting other relevant ontologies and other resources
related to the ontology.”
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