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Digitalization in everyday life

Navigation to TIB Hannover

50 years ago Now

+ New Features:

→ Zoom in

→ Traffic jam warning

→ Opening hours

→ Interesting places around
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Similar in other domains….

Mail order catalogs Phone booksEncyclopedias

Who still remembers?

Whole industries got disrupted and our lives were significantly changed
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What about Science?

Over 300 years ago 100 years ago 20 years ago Today

Not much has changed!

Science does not harvest

the full potential of digitalization
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A Consequence of Document Centered Information Flows:

The Publication Flood

• ~ 2.5 Mio new publications per year

• Researchers lack overview, even in small fields

• Loss of knowledge

• Answering questions is like looking for a 

needle in the haystack
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An Example – CRISPR

.

.

.

almost half a 

million results
Specific research questions:

• Who applied CRISPR to butterflies?

• How to apply CRISPR with minimal 

costs?

• How do different genome editing

techniques compare?
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The Publication Flood – More than just an Inconvenience for

Scientists

• Globally almost $1,700,000,000,000 (1.7 

trillion) spent on research & development

• Large share wasted in inefficient system

→ Costs time & money!
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Reproducibility Crisis

Further Challenges of Document-Orientation

Deficiency of Peer-

Review

Lack of machine assistance Predatory Publishing
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The solution is not „better pdfs“…

Time to Rethink Scholarly Communication! 

“The lightbulb was not invented by 

improving the candle.”

Oren Harari

Digitalization is more than just Digitization!

Current and future scientific challenges can not be 

tackled with an outdated communication system.

________________________________________

Digitalize Knowledge, 

Not Documents!
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As the name already suggests, ORKG is a knowledge graph.

The Open Research Knowledge Graph
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Knowledge Graphs are widely used in industry…

Why not use them for (open) science as well?

https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019

Fine, but what is such a 

knowledge graph?

https://www.slideshare.net/Frank.van.Harmelen/adoption-of-knowledge-graphs-late-2019
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Representation of Information

There is a lot of information in a text…

• Metadata

• Research problem

• Methods

• Material

• Results

• …
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Representation of Information

There is a lot of information in a text…

…that can unfortunately not be understood by a 

machine.

?
??

? ?

?
? ?
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From papers… …To Knowledge

Knowledge Representation in Graphs

A practical guide to

CRISPR/Cas9 genome

editing in Lepidoptera

doi.org/10.1101/130344

R. D. Reed

orcid.org/0000-0002-6065-6728

Genome editing in 

Lepidoptera

Genome editing

wikidata.org/wiki/Q24630389

CRISPR/cas9
Experimental Data

doi.org/10.5281/zenodo.896916

!
!!

! !

!
! !
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Advantages of a Graph-Based Approach

• Machine-actionable

• Automated finding and linking of research contributions towards a 

specific problem

• Natural language question answering possible

e.g. „How do different genome editing techniques compare?“

• Explore knowledge in entirely new ways

Natural 

language

question

Answer
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An Example: SARS-CoV 2 Basic Reproduction Number
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ORKG‘s Objectives

Provide overview 

over the state-of-the-

art for specific 

research problems

Foster collaboration

Focus on scientific 

content rather than 

document

Make research FAIR

Tackle interdisciplinary challenges 

such as climate change research, 

disease prevention, etc.

Finally bring scholarly 

communication to the 21st

century!
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ORKG: Lighthouse in the Publication Flood
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What can you do 

with the ORKG?
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Let‘s have a look

at the content!
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▪ ~ 25.000 Papers described

▪ ~ 1200 Comparisons

▪ ~ 5.000 Research questions/ problems

▪ ~ 1200 Users

Current Status

…could be more!

So how do we get more

content?
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Übersetzung

Who creates ORKG content?

A practical guide to

CRISPR/Cas9 genome

editing in Lepidoptera

doi.org/10.1101/130344

R. D. Reed

orcid.org/0000-0002-6065-6728

Genome editing in 

Lepidoptera

Genome editing

wikidata.org/wiki/Q24630389

CRISPR/cas9
Experimental Data

doi.org/10.5281/zenodo.896916

?
??

? ?

?
? ?Machines?

Not precise enough!
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Übersetzung

Who creates ORKG content?

A practical guide to

CRISPR/Cas9 genome

editing in Lepidoptera

doi.org/10.1101/130344

R. D. Reed

orcid.org/0000-0002-6065-6728

Genome editing in 

Lepidoptera

Genome editing

wikidata.org/wiki/Q24630389

CRISPR/cas9
Experimental Data

doi.org/10.5281/zenodo.896916

Better: Scientific 

Communities!
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Crowd-based approach for the curation process

Following the principle of Wikipedia:

Everyone can create, edit, add, complement, reuse, etc.

Who creates ORKG content?

Software

Developers
Users

Library

community
Researchers
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How to get out the most of ORKG for your discipline?

Requirements

Content

Features
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ORKG Curation – Different Expertise

Domain experts

- Scientific Communities -

+ Field specific knowledge

+ Knowledge of requirements

Data Curators

- Library Communities -

+ Knowledge on data

modelling

+ Software Development 

competence
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Observatories: Taking the Lead in Content Curation

Build a community knowledge

graph for your discipline

Organize research

in your field

Ensure high 

quality standard

Create templates

and simplify using

ORKG for beginners

Promote ORKG

Stay in contact with

development team:

Issues & Requests will be

prioritized
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Summary

Learn more: orkg.org

Contact us: info@orkg.org

Follow us: @orkg_org

Rethink

scholarly

communication

Machine-actionable

knowledge representation

Crowd-based

approach



Dr. rer. nat. Oliver Karras

November 6, 2023

67th Helmholtz Open Science Online Seminar 2023

The Open Research Knowledge Graph – A 

Lighthouse in the Publication Flood:

ORKG Use Case: NFDI4Ing – TA ELLEN
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National Research Data Infrastructure for Engineering Sciences

National Research Data Infrastructure for Engineering Sciences

“NFDI4Ing brings together the engineering communities. It offers a unique method-

oriented and user centered approach in order to make engineering research data FAIR –

findable, accessible, interoperable, and re-usable.”

NFDI4Ing Consortium

RWTH Aachen University
Leibniz University 

Hannover 
TU Munich

TU Braunschweig TIB Hannover University of Stuttgart 

TU Darmstadt Forschungszentrum Jülich German Aerospace Center 

TU Dresden 
Karlsruhe Institute of

Technology 
TU Clausthal 
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Structure of NFDI4Ing
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Structure of NFDI4Ing
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Reuse of research software in complex 

software workflows

ELLEN:

 Performing model-based simulations and 

optimization calculations

 Input: Scenarios

 Data-intensive

 Require a lot of different information from 

heterogeneous disciplines

 Tool: Research Software

 Algorithms from computer science & 

statistics

TA ELLEN: Extensive & Heterogeneous Data Requirements

Software Data Software

Software workflow



Seite 6

Reuse of research software in complex 

software workflows

ELLEN:

 Performing model-based simulations and 

optimization calculations

 Input: Scenarios

 Data-intensive

 Require a lot of different information from 

heterogeneous disciplines

 Tool: Research Software

 Algorithms from computer science & 

statistics

TA ELLEN: Extensive & Heterogeneous Data Requirements

PDF

Workflow

PublicationSoftware

Software Data Software

Software workflow

Data



Seite 7

Reuse of research software in complex 

software workflows

ELLEN:

 Performing model-based simulations and 

optimization calculations

 Input: Scenarios

 Data-intensive

 Require a lot of different information from 

heterogeneous disciplines

 Tool: Research Software

 Algorithms from computer science & 

statistics

TA ELLEN: Extensive & Heterogeneous Data Requirements

PDF

Workflow

PublicationSoftware

Software Data Software

Software workflow

Data



Seite 8

Reuse of research software in complex 

software workflows

ELLEN:

 Performing model-based simulations and 

optimization calculations

 Input: Scenarios

 Data-intensive

 Require a lot of different information from 

heterogeneous disciplines

 Tool: Research Software

 Algorithms from computer science & 

statistics

TA ELLEN: Extensive & Heterogeneous Data Requirements

PDF

Workflow

PublicationSoftware

Software Data Software

Software workflow

Data



Seite 9

Reuse of research software in complex 

software workflows

ELLEN:

 Performing model-based simulations and 

optimization calculations

 Input: Scenarios

 Data-intensive

 Require a lot of different information from 

heterogeneous disciplines

 Tool: Research Software

 Algorithms from computer science & 

statistics

TA ELLEN: Extensive & Heterogeneous Data Requirements

PDF

Workflow

PublicationSoftware

Software Data Software

Software workflow

Data



Seite 10

Reuse of research software in complex 

software workflows

ELLEN:

 Performing model-based simulations and 

optimization calculations

 Input: Scenarios

 Data-intensive

 Require a lot of different information from 

heterogeneous disciplines

 Tool: Research Software

 Algorithms from computer science & 

statistics

TA ELLEN: Extensive & Heterogeneous Data Requirements

PDF

Workflow

PublicationSoftware

Software Data Software

Software workflow

Data



Seite 11

Example from NFDI4Ing – TA ELLEN: Energy System Analysis
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Example from NFDI4Ing – TA ELLEN: Energy System Analysis

What is the average assumed emission 

reduction of the scenarios? 

What software can use these scenarios as 

input for simulations?

Where do I find the implementation of the 

software for simulating the scenarios?
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How do we answer these questions so far?
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How can we achieve 

this goal?

Wouldn't it be great if we could ask the computer?

What is the average 

assumed emission 

reduction of the 

scenarios?



Open Research Knowledge Graph (ORKG)
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Example: Scenario Factsheets from the Open Energy Platform

What is the average assumed emission 

reduction of the scenarios? 

What software can use these scenarios as 

input for simulations?

Where do I find the implementation of the 

software for simulating the scenarios?

Supplementary material of software for simulations

in climate and energy system modeling
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Curation of Scenario Factsheets
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Semantic Description of Scholarly Contributions

E. Gaudchau, B. Schachler, and B. Müller:

Untersuchungen zur Energiestrategie 

Brandenburgs (appBBB_ES2030)
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E. Gaudchau, B. Schachler, and B. Müller:

Untersuchungen zur Energiestrategie 

Brandenburgs (appBBB_ES2030)

Semantic Description of Scholarly Contributions
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E. Gaudchau, B. Schachler, and B. Müller:

Untersuchungen zur Energiestrategie 

Brandenburgs (appBBB_ES2030)

Semantic Description of Scholarly Contributions
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Semantic Description of Scholarly Contributions
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E. Gaudchau, B. Schachler, and B. Müller:

Untersuchungen zur Energiestrategie 

Brandenburgs (appBBB_ES2030)

Semantic Description of Scholarly Contributions



Seite 23

Behind the Scenes of the Semantic Description

Scholarly contributions become machine-actionable and FAIR.
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Scholarly contributions become machine-actionable and FAIR.

Behind the Scenes of the Semantic Description
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Behind the Scenes of the Semantic Description

Natural 

language

question

Answer

Scholarly contributions become machine-actionable and FAIR.



Seite 26

Creating State-of-the-Art Comparison
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State-of-the-Art Comparison

Scenario Factsheet Scenario Factsheet

Unit

Emission red.

Description

Value

Time frame

Demand 

sector

Energy 

sector
…

Adding 

further

Scenario 

Factsheets

…
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Publishing State-of-the-Art Comparison

Acknowledgement

of creators

Possible to assign a DOI

Created 

visualizations

Interactive 

comparison
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Another Comparison from NFDI4Ing – TA ELLEN

Remark: Comparison of 25 contributions
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Another Comparison from NFDI4Ing – TA ELLEN

Remark: Comparison of 25 contributions
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…what can we do with machine-actionable

scientific knowledge?

Simply put: Anything we want!

1. All papers, scholarly contributions, comparisons, visualizations, lists, and 

reviews in the ORKG are available for reuse and extension to anyone

2. The ORKG provides several access points for processing all data, e.g., to 

develop novel search, retrieval, mining, and assistance applications

So far so good, but…

{ REST : API }
RDF
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Data Science with Data from the ORKG

How has the average energy generation (in TWh) per energy source

changed in 5-year intervals in the comparison “Comparison of Studies

on Germany’s Energy Supply in 2050” for the period from 2006 to 2020?
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Data Science with Data from the ORKG
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Data Science with Data from the ORKG

How has the average energy generation (in TWh) per energy source

changed in 5-year intervals in the comparison “Comparison of Studies

on Germany’s Energy Supply in 2050” for the period from 2006 to 2020?
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Data Science with Data from the ORKG
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How has the average energy generation (in TWh) per energy source

changed in 5-year intervals in the comparison “Comparison of Studies

on Germany’s Energy Supply in 2050” for the period from 2006 to 2020?

x3.87

x4.31
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Conclusion

We want to bring scholarly communication in 

engineering sciences to the 21st century!
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Dr. rer. nat. Oliver Karras

TIB – Leibniz Information Centre for Science and Technology

Data Science and Digital Libraries Research Group
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https://www.linkedin.com/in/oliver-karras/

@OliverKarras

Google Scholar

https://www.oliver-karras.de
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