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1 Introduction

Engineering sciences, such as energy system research, play an important role in de-
veloping solutions to technical, environmental, economic, and social challenges of our
modern society [1], [2]. In this context, the transformation of energy systems into
climate-neutral systems is one of the key strategies for mitigating climate change. For
the transformation of energy systems, engineers model, simulate and analyze sce-
narios and transformation pathways to initiate debates about possible transformation
strategies. For these debates and research in general, all steps of the research pro-
cess must be traceable to guarantee the trustworthiness of published results, avoid
redundancies, and ensure their social acceptance [1], [3]. However, the analysis of
energy systems is an interdisciplinary field as the investigations of large, complex en-
ergy systems often require the use of different software applications and large amounts
of heterogeneous data [2]. Engineers must therefore communicate, understand, and
(re)use heterogeneous scientific knowledge and data [2], [4]. Although the importance
of FAIR [5] scientific knowledge and data in the engineering sciences and energy sys-
tem research is increasing, little research has been conducted on this topic [1], [2].
When it comes to publishing scientific knowledge and data from publications, software,
and datasets (such as models, scenarios, and simulations) openly available and trans-
parent, energy system research lags behind other research domains [3]. According to
Schmitt et al. [1] and NieB3e et al. [2], engineers need technical support in the form of
infrastructures, services, and terminologies to improve communication, understanding,
and (re)use of scientific knowledge and data.
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2 Background

In 2020, the consortium National Research Data Infrastructure for Engineering Sci-
ences' (NFDI4Ing) began developing and deploying infrastructures, i.a., the Open Re-
search Knowledge Graph? (ORKG), and services, i.a., the Terminology Service® (TS),
for engineers to organize FAIR scientific knowledge and data [1]. At the same time,
first valuable building blocks for FAIR energy system research have been developed,
such as the Open Energy Platform* (OEP) and the Open Energy Ontology® (OEO) [4].
The ORKG is a cross-domain research knowledge graph combining manual crowd-
sourcing and (semi-)automated approaches for the production, curation, and (re)use
of FAIR scientific knowledge from publications, software, and datasets [6]-[9]. The TS
is a cross-domain service that supports the discovery, provision, design, and curation
of ontologies [10]. Based on the work of the task area Ellen® in NFDI4Ing, the ORKG
integrated the TS that in turn curates the OEO, so that engineers can describe and
organize scientific knowledge and data as so-called ORKG contributions.

3 Contribution

In this proposal for a presentation, we outline how the consortium National Research
Data Infrastructure for the Interdisciplinary Energy System Research’ (NFDI4Energy)
and thus the energy system research community can benefit from the ORKG by orga-
nizing scientific knowledge and data to improve its communication, understanding, and
(re)use. In this way, we want to illustrate how NFDI4Energy can build on the results of
NFDIl4Ing to strengthen the collaboration of both consortia towards a joint NFDI. For
this purpose, we organized scientific knowledge and data from scenarios of two ex-
emplary use cases in the ORKG. In the first use case, we organized 14 scenario fact-
sheets® of the OEP regarding the assumptions, the data used, the associated study,
and the results. In the second use case, we organized 25 scenarios from publications
on greenhouse gas (GHG) reduction studies for Germany, which have been collected
and compared regarding reported electricity supply and installed capacities for different
energy sources and the respective scenario goal by Robinius et al. [11].

In both cases, we used ORKG templates to facilitate the extraction of information
and ensure consistent modeling. ORKG templates specify the structure of ORKG con-
tributions similar to SHACL shapes [12] and can use ontologies (with the help of the
integrated TS) so that the semantic descriptions of scientific knowledge are consistent
and comparable across all considered publications. For example, we developed ORKG
templates for the scenario goal® or the electricity supply'® and used the OEO to ensure
clear definitions and the logical interpretation of different types of sectors!'.

For data analysis, we published an ORKG comparison with a DOI for each use case
to provide a referenceable, citable, and detailed overview of the scenario factsheets [13]

"https://nfdiding.de/
*https://orkg.org/
Shttps://terminology.tib.eu/ts
*https://openenergy-platform.org/
Shttps://openenergy-platform.org/ontology/
Shttps://nfdiding.de/archetypes/ellen/
"https://nfdidenergy.uol.de/
Shttps://openenergy-platform.org/factsheets/scenarios/
Snttps://orkg.org/template/R153118/
yttps://orkg.org/template/R152170/
"https://terminology.tib.eu/ts/ontologies/oeo/terms?iri=http%3A%2F%2Fopenenergy-platform. orgl
2Fontology/%2Foeo’,2FO0EQ0_00000367&subtab=graph
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and GHG scenarios [14] (see Figure 1). In contrast to the traditional way of publishing
an overview of scenarios within a publication, ORKG comparisons provide the benefit
that they are versionable and can thus be continuously (re)used, updated, and ex-
panded. When researchers publish new scenarios as factsheets or in publications, the
ORKG comparisons can be easily extended by describing the new scenarios using the
same ORKG templates, adding the new ORKG contribution to the respective ORKG
comparison, and publishing the updated ORKG comparison as a new version. The
ORKG also supports the supplementation of ORKG comparisons by creating visual-
izations based on the data contained therein either directly from the web frontend or
via various access points, such as a REST API, a Python or R package, or a SPARQL
endpoint, for example in combination with a Jupyter notebook.

Comparison of Studies on Germany's Energy Supply in 2050 # = Y
. . X . X . L . . Energy System Analysis
This comparison compiles the results from various studies analyzing a future low-carbon energy system for Germany. The focus of this study comparison is electricity generation. In the
future, however, other essential characteristics of the respective energy system designs in the individual studies will be listed. Installed capacity is given in GW and electricity generation
is given in TWh.
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Figure 1. ORKG comparison of 25 scenarios from GHG studies for Germany [14].

In addition, we established an ORKG observatory on Energy System Research'?.
The ORKG observatory serves as a central access point to all related curated publi-
cations, comparisons, and visualizations so that other researchers can easily explore
the content. For example, Auer et al. [15] already reused the curated scientific knowl-
edge from our two ORKG comparisons by identifying and answering further natural
language competency questions from domain experts beyond the previous consider-
ation. For this purpose, they specified the competency question as SPARQL query
(see Listing 1). We executed this query on the SPARQL endpoint and visualized the
results in Figure 2. In particular, these results show that average energy supply from
photovoltaics and onshore wind power increased approximately fourfold from the 2006
— 2010 interval to the 2016 — 2020 interval.

"2https://orkg.org/observatory/Energy_System_Research
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Listing 1. SPARQL query for the natural language competency question: “What is the average
energy generation for each energy source considered in 5-year intervals in Green-
house Gas Reduction Scenarios for Germany?” by Auer et al. [15]

SELECT 7range 7srcLabel AVG(?val) AS 7avgVal

WHERE {
r:R153801 p:compareContribution “?contrib.
?paper p:hasContribution ?contrib;

p:hasPublicationYear ?year.

BIND (xsd:int (?year) AS 7y).
VALUES (?range ?min ?max) {

("2001-2005" 2001 2005)

("2006-2010" 2006 2010)

("2011-2015" 2011 2015)

("2016-2020" 2016 2020)
} FILTER(?min <= 7y && 7y <= 7max).

?contrib p:hasEnergySources 7energySrc.

?energySrc rdfs:label ?srclLabel;
p:hasGeneration ?energyGen.

?energyGen p:hasValue ?genVal.

BIND (xsd:float (?7genVal) AS ?7val).
} ORDER BY ASC(?range)
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Figure 2. Visualized results from the SPARQL query by Auer et al. [15]

4 Conclusion

Overall, this proposal addresses multiple themes of the 1st NFDI4Energy conference's.
In particular, we demonstrate how engineers can use the ORKG infrastructure in in-
novative ways to organize scientific knowledge and data from publications, software,
and datasets by using ontologies, such as the OEOQ, for FAIR data management and
thus open science. We hope to encourage and motivate engineers, especially in en-
ergy system research, to use the ORKG and its integrated services to communicate,
understand, and (re)use scientific knowledge, thus promoting collaboration between
NFDI4Energy and NFDI4Ing.

Bhttps://nfdidenergy.uol.de/sites/conference/
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