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Research Topics: 
Information, Energy and 

Bioeconomy
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Research Topics:

1. Electrochemical storage devices (batteries)
2. Solid-oxide fuel cells and electrolysis cells
3. Gas separation membranes
4. Materials for high-temperature technologies

Materials:

Ceramics, metals, alloys, etc.



INSTITUTE OF ENERGY MATERIALS AND DEVICES (IMD-2)

20.10.2026 Page 8



NATIONAL RESEARCH DATA INFRASTRUCTURE
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Members of NFDI4ING since 2018

Funding by the DFG since 2020

Archetype CADEN
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• The needs of users in the academic community

• The electronic laboratory notebook as a key tool

• RDM support at FZ Jülich: RDM Toolbox, training courses, funding

• Best Practice Handbook for RDM (Zenodo)

• RDM training

• Data management plan (DMP): Theory and practical application

• Hard- and Software for data sampling (interfaces)

• The comprehensive collection of data and metadata

• How ELNs can chat with one another

• Data flows and communication in autonomous laboratories

• Providing data for machine learning and other AI applications

• Summary



TYPICAL USER QUESTIONS
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Even after 8 years of the NFDI, I still frequently hear the following comments:

LEVEL 1:
• What is research data management (RDM) and why do I need it?
• What are the benefits of RDM for me?
• That’s just extra work!
• Why should I bother with software monsters (quote!) like an ELN?
• My data belongs to me! (I don’t want to share it at all.)
• That’s too complicated for me.

LEVEL 2:
• What are Metadata, how do I get them, and what can I do with them?
• What is Provenance-Tracking?
• What is an Ontology?
• What is semantic RDM?
• What is a Knowledge Graph?



USER EXPECTATIONS TO PRACTICAL RDM
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SURVEYS AT FZ JÜLICH, HGF, AND ALL OVER GERMANY
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1. Time savings
2. Documentation
3. Metadata
4. Data analysis
5. Reproducibility
6. Findability
7. Data security
8. Location-independent
9. Automation
10. Data exchange / Export

This is already largely in line with the FAIR principles:
Findability, Accessibility, Interoperability, and Reusability



LIFE CYCLE OF RESEARCH DATA
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ELN as a central tool
Today, almost every stage of the data cycle 
can be covered by ELNs:
• Planning (projects, teams, labs)
• Data and metadata collection
• Documentation
• Data analysis, charts
• AI applications (including intrinsic
 data analysis)
• Publication (direct transfer to other 

platforms, e.g. Zenodo)
• Archiving (in-house databases)
• Reuse (including AI modules)



RDM-TOOLS AT FZ JÜLICH
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RDM-TOOLS AT FZ JÜLICH
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BEST-PRACTICE-HANDBOOK: NEW VERSION 1.1
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Content:
1. Introduction
2. The life cycle of research data
3. Legal aspects
4. The data management plan
5. Data collection, data storage and documentation
6. Data quality
7. Data exchange and data tracking
8. Publication of data
9. Permanent data storage
10. Appendix, Bibliography, Index

First published at the CoRDI Conference (2025).

German: https://doi.org/10.5281/zenodo.18468239
English: https://doi.org/10.5281/zenodo.18468308



ELN-TRAINING: EXAMPLE
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• What is eLabFTW?
• Why should I use eLabFTW?
• How does the structure of eLabFTW look 

like?
• Which possibilities do I have as a user?
• Which rights do I have as user?

• How can I store my data?
• How can I export my data?
• Which data formats are available?
• How do I protect my data?
• Is it possible to encrypt my data?



INTERFACE: EXAMPLE
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TEMPLATES: EXAMPLE
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RDM TRAINING: SUMMER SCHOOL AT IMD-2 (13-15 OCT’26)
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DATA MANAGEMENT PLAN
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RDMO:
Research Data Management Organiser:

Server installation and administration
required. Incurs additional costs.
https://rdmorganiser.github.io/

Simple alternative:
Text document, in accordance with the
DFG guidelines.

New at FZ Jülich (under development):
A Research Data Planning Workbook.
A quite simple step-by-step guide.
(S. Rank, D. Jerger, A. Sprenger (UE))



TYPICAL EXPERIMENTS AT IMD-2
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POWDER X-RAY DIFFRACTION
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ELECTRONIC LAB NOTEBOOKS
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Problem

Automatic Transfer
of the complete data 

and metadata
from all analytic 

devices.



METADATA IN COMMERCIAL BINARY DATA
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Problem:
• The APIs of many commercial laboratory instruments often allow only partial data 

to be retrieved, whilst metadata is frequently not available at all!
• This means that FAIR data cannot be generated, and automation is prevented.
• ELNs are often unable to import measurement data automatically.
• Interface programming (API) and the use of templates in ELNs are made 

considerably more difficult.

Possible solutions:
• Manufacturers are collaborating and making their APIs available, or will produce 

new devices with open APIs in future.
• Use of the FZJ software MARBLE (S. Brinkmann, V. Hofmann, FZJ).
• Legal position: Researchers own all the data and metadata they generate!

https://jugit.fz-juelich.de/marble



METADATA IN COMMERCIAL BINARY DATA
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Measurement data is only partially

exported. Incomplete metadata.
Automation is prevented.

Software decrypts

binary files.
NO Reverse-Engineering!



METADATA IN COMMERCIAL BINARY DATA
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GitLab: MARBLE

jugit.fz-juelich.de/marble

Legal rulings / legislation::

1. OLG Naumburg (27.08.2014 – 6U 3/14)
https.//openjur.de/u/768245.html

2. Geschäftsgeheimnisse §3 GeschGehG (2019)
3. Legal departments of FZ Jülich (Helmholtz)
4. Legal departments of the Max-Planck-Society

Software decrypts

binary files.
NO Reverse-Engineering!



HOW ELN‘S CAN CHAT WITH EACH OTHER
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HOW ELN‘S CAN CHAT WITH EACH OTHER
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T. Bronger

M. Flemming

H. Schlenz

M. Selzer

M. Jayavarapu

https://scimesh.org



DATA STREAMS IN SELF-DRIVEN LABS
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N.J. Szymanski et al., An autonomous laboratory for the accelerated synthesis of novel materials,
Nature, Vol 624 (2023) 86.

The A-Lab



COMMUNICATION WITHIN THE A-LAB
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PROVISION OF DATA + METADATA FOR ML AND AI
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PROVISION OF DATA + METADATA FOR ML AND AI
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1. For what type of AI application should data be provided?
i. Machine learning (ML), deep learning (DL), language model (LLM), …

a. Structured or unstructured data?

2. Which data types/-formats shall be used?
i. ASCII / CSV, JSON, HDF5, ...
ii. Grafics, Photos, Audio-Files, Videos (Live-Stream)
iii. PDF (Literature), and other text formats

3. Which data sources are available?
i. Measuring instruments (Control computer), Cameras
ii. ELN‘s
iii. Data bases
iv. Knowledgegraphs
v. Internet



PROVISION OF DATA + METADATA FOR ML AND AI
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JSON-CodeTables (2D)

                                           

                                                                  

                                                            

                                                            

    

                                                          

    

                        

  

                                           

      

                                   

                                                   

                               

            

          

                                                         

                           

          

                             

          

                                    

          

                                                                      

                          

          

                                     

          

                                

                                 

      

                                             

                                                                         

        

      

                                         

 

                                      

                                

          

                                                          

          

      

  



PROVISION OF DATA + METADATA FOR ML AND AI
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• Programming skills (Python, Java, C, etc.)
are often required to transfer complex
data formats.

• Ideally, ready-made scripts can handle
such tasks.

• HDFView as an example of a simple,
user-friendly interface for HDF4 or
HDF5 data.

• HDF5 is the standard data format used 
by major research facilities, such as
synchrotrons (DESY, BESSY, ESRF) or
neutron core facilities, like Garching,
ESS (Sweden), and ILL (France).



REAL EXPERIMENT: TAPE CASTING OF CERAMICS
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REAL EXPERIMENT: TAPE CASTING OF CERAMICS
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RDM processing steps:
1. Python programming of the interface (API)

between the device and eLabFTW
2. Automatic collection of all processing data

and metadata with eLabFTW
3. Simulations for the characterization of the

raw material => Results stored in eLabFTW
4. Physical analysis of the samples

=> Results stored in eLabFTW
5. Export of all data and metadata from eLabFTW

in JSON format
6. Maschine learning and deep learning for

predicting optimum process parameters
=> Results stored in eLabFTW

7. Optimised process engineering as a result.
NO more Trial-and-Error!



SCIANCE: AI IN SCIENCE
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Shaping AI in Science, by Scientists, for 

Europe

The EU-funded SCIANCE project supports the

development of the Resource for AI Science in

Europe (RAISE) and coordinates AI-enabled

scientific research across Europe through a

bottom-up approach.

https://www.sciance.eu/

Projekt funding:

3 million EUR over three years

https://ec.europa.eu/commission/presscorner/detail/en/ip_25_2578
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_2578


SCIANCE: AI IN SCIENCE
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AISWG Members
10 AISWG working groups and their 
members.

Materials Science
SCIANCE co-chair: Andrey Ustyuzhanin (CU)
Román Orús (DIPC / Multiverse Computing)
Stephan Roche (ICREA and ICN2)
Sonia Conesa Boj (Delft University of Technology)
Nicola Marzari (University of Cambridge)
Karsten Reuter (Fritz Haber Institute of the Max Planck 
Society)
Gabor Csanyi (Max Planck Institute for Polymer 
Research)
Ares Argelia Gomez Gallegos (Linnaeus University)
Tejs Vegge (Technical University of Denmark)
Eleonora Ricci (University of Edinburgh)
Janine George (Federal Institute for Materials Research 
and Testing (BAM))
Hartmut Schlenz (Forschungszentrum Juelich GmbH, 
Institute of Energy Materials and Devices (IMD), Materials 
Synthesis and processing (IMD-2))
Gian-Marco Rignanese (UCLouvain)
Alfons Hoekstra (University of Amsterdam)
Maciej Haranczyk (IMDEA Materials Institute)
Michele Ceriotti (EPFL)
Gianaurelio Cuniberti (TU Dresden)

https://www.sciance.eu/aiswg-members

Planned investment in AI research (Horizon Europe): > 3 billion EUR / year.



SUMMARY

20.10.2026 Page 42

• Practice-oriented RDM opens up new opportunities in research and 

enables the generation of FAIR data and metadata.

• The needs of users must always be, and remain, the focus.

• Automation is made easier or even made possible in the first place.

• An efficient RDM is essential for the application of AI in science.

• Automated laboratories will be the future of materials research. 

 RDM is an integral part of this.

• Electronic laboratory notebooks can now be used for most tasks, 

wherever their use is appropriate and feasible.

• Our Best-Practice-Handbook is designed to make it easier for 

researchers to work with research data in practice and to clearly explain 

the use of everyday tools and how they relate to each another.
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Thank you for your attention
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