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Abstract: In the research domain of energy informatics, the importance of open data
is rising rapidly. This can be seen as various new public datasets are created and
published. Unfortunately, in many cases, the data is not available under a permissive
license corresponding to the FAIR principles, often lacking accessibility or reusability.
Furthermore, the source format often differs from the desired data format or does not
meet the demands to be queried in an efficient way. To solve this on a small scale a
toolbox for ETL-processes is provided to create a local energy data server with open
access data from different valuable sources in a structured format. So while the sources
itself do not fully comply with the FAIR principles, the provided unique toolbox allows for
an efficient processing of the data as if the FAIR principles would be met. The energy
data server currently includes information of power systems, weather data, network
frequency data, European energy and gas data for demand and generation and more.
However, a solution to the core problem - missing alignment to the FAIR principles - is
still needed for the National Research Data Infrastructure.
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1 Motivation

In the domain of energy system simulation, the need for open datasets for better pa-
rameterization of simulations and input data, as well as verification and evaluation of
the simulations output is crucial[1]. Often the curation and download of datasets takes
a lot of time and is done variously, as there is no common collection of existing datasets
and how they can be used. While the access to such datasets is mostly free of charge,
API keys with registration are often required. Datasets exist in various different formats
which often also need proprietary programs to visualize and edit them. Often an ETL
(Extract, Transform, Load) workflow can be used to create a local data warehouse for
research data. This is needed for datasets which do not allow public redistribution [2],
which does not correspond to the FAIR principles (Findable, Accessible, Interoperable,
Reusable)[3]. (Re-)Sharing such datasets as public records on existing Research Data
Management (RDM) tools like the Open Energy Platform [4] or Zenodo[5] is therefore
not possible.
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To work around this redistribution limitation, an ETL workflow is given to provide the
dataset in a structured database to query and filter datasets efficiently for research.
More specifically, the use of time series databases keeps the efficiency, even when
working on large datasets. To reduce the needed accesses and the load on open data
sets, such a database can be reused in various institutions across research, and create
tools which query the database mid simulation to retrieve the latest records. A central-
ized self-hosted database also aggregates data for research related to energy and can
be extended by further datasets, while providing a unified database access and lan-
guage (SQL) to access the data conveniently. The presented tool focuses on different
use cases than existing Research Data Management tools like Zenodo or Coscine, as
it makes it possible to conveniently update and append to datasets in real time and
query data in a structured way, which is often not possible in the source datasets.

2 Data sources

The target of the project is to include different valuable data sources, in a way which
allows easy reanalysis and usage in simulation projects. As the database is hosted
only inside the institutes network, other research data which can not be published for
everybody can be used too, like the data from EEX which is available to buy. On
the other hand the conversion tools to easily process files with bought access - if an
organization has licensed access - can be made freely available. The most important
datasets available include:

power plant data and generation capacities from Markstammdatenregister °
weather Data from ECMWF?

energy usage/generation data from ENTSO-E3
gas usage/import data from ENTSO-G*

power plants from Open-Power-System-Data®
cross Border Trading results from JAO®

grid information from SciGrid’

frequency data from 50Hertz

building topology from TABULA IWU?

wind turbine information

data from EEX (if paid access is available) °
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3 Technology Stack

From a technology perspective, Python is used as a scripting language to execute the
extraction and transformation of various data sources. While some datasets present
only the current state at the time of access (for example the MaStR) or have a fixed
time horizon, others can be updated on a daily or weekly base. If the database is empty
because the ETL-processes are being run for the first time, all data will be extracted

"https://www.marktstammdatenregister.de/MaStR/Datendownload
’https://climate.copernicus.eu/climate-reanalysis
Shttps://transparency.entsoe.eu/
“https://transparency.entsog.eu/
Shttps://data.open-power-system-data.org/

Shttps://jaoc.eu
"https://www.power.scigrid.de/pages/downloads.html
Shttps://webtool.building-typology.eu/
Shttps://www.eex.com/en/market-data
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starting from a pre-defined start date. Otherwise, the scripts will download the recent
data from the data source by first selecting the latest date available in the database for
the current data source and updating it until the most recent timestamp.

As a database, a PostgreSQL database is used with the open source extensions
TimescaleDB and PostGIS. Without the consideration of the time axis, most databases
would become slow due to the huge size of the primary index on the datetime col-
umn[6], particularly because of its rather complex maintenance needed for updates
and ongoing inserts. Knowing about the time column as an ordered index allows to
store data in smaller chunks across the time axis, which gives a huge performance
boost[7], [8]. Unlike other time series databases, the fact that a common SQL based
database is used, makes it easy to store additional structured datasets. Therefore,
TimescaleDB provides needed features to join and link datasets, while also providing
higher performance than other time series databases[9].

For an easy setup, a dockerized container is available to start the database which
also contains a management interface through the open-source pgAdmin[10]. The
open-source tool can the be used to automatically retreive and update open datasets
from various sources through an ETL workflow. The datasets are stored in a SQL-
compatible format, allowing them to be accessed through standard query methodology.
Various other tools can then access the PostgreSQL database for relational OLAP
(Online analytical processing) and create visualizations, for example with Grafana or
other Python tools.

This allows to efficiently reuse datasets which are not REUSE compliant inside an
organization.
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Figure 1. Sample visualization of ENTSO-E data from the database done with Grafana

4 Summary

The provided tool can be used to set up a modern time series database which contains
various datasets needed for research of energy systems. It is open-source available
and welcomes contributions for further datasets which are not covered yet. By utilizing
modern and widely used technology, accessing open datasets becomes more efficient
and convenient, which also helps to compare and analyze similar datasets to assure
the quality of open datasets [11], [12]. In the future, the focus will be on adding new
datasets to cover more of the available open datasets. The aim is to include datasets
that are not easily accessible, such as those that are split across multiple CSV files
and cannot be efficiently queried. However, a broader approach would be to address
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the issue of restrictive data licenses on a larger scale. To achieve this, national re-
search data infrastructure projects are urgently needed for the research community to
systematically manage scientific and research data.
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