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NFDI (at
The NFDI4Cat Consortium Governance

Steering Board

Budget Planning
Representation
Strategic Decisions
Coordination

~ Fraunhofer

FOKUS

Strategic Decisions, Budget .
allocation, Integration of new Project Management Board
Partners

Support, Representation & Steering group of the Task Areas (TA) Advisory Board
Development of TAs Heads of TAs & One representative per organization

Industry
representatives

Strategic Discussion, Validation, & Evaluation

Definition of Tasks Project Partners
Project Work

- F¢' DECHEMA

Scientific institutions and societies that contribute key
projects, infrastructure, & scientific results
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| NFDI(at
Core Development Topics of NFDI4Cat

TA1l: Ontology Development and TA5: Dissemination and Outreach/
Metadata Standards Training

TA2: Data Standards, Data TA6: Networking with NFDIs, SFBs
Collection, Interfaces and International

TA3: Data Analysis, Quality TA7: Intellectual Property and
Management and Re-Use Confidentiality, Licences and
Reward models
TAA4: Linked Extensible Infrastructure
and Access Management

TA8: Management

Data Science & Community &

Data & Meta Data Standards . .
Information Infrastructure Design User-related Aspects

DOI: 10.5281/zen0do.5882747 (o) 4



NFDIz(at
Task Area 4 C

% Fraunhofer TAA4: Linked Extensible H L R :I: =
FOKUS Infrastructure and

Access Management

Hochstleistungsrechenzentrum ‘ Stuttgart

=  Requirements analysis
= Requirements elicitation, based on stakeholder interviews
= Requirements document
= Next steps
= Architecture document,
= Software evaluation, pilot system

DOI: 10.5281/zenodo.5882747 @ ® G 5



NFDI(at
TA4: Agenda and Overview

= Measures

1. Initial phase
1. Requirements Analysis ,
2. Software Evaluation B Software Evaluation
3. Pilot System ’

2. Development phase
4. Repository Layer
5. Presentation Layer
6. Additional Services |
7. User Access & User Management

3. Evaluation phase |
8. Operations ' : :
9. Sustainability of the Infrastructure § § B User Acceptance Tests
10. Specification Review & | | | | :
11. User Accepta nce Tests Year 1 Year 2 Year 3 Year 4 Year 5

Requirements Analysis

Pilot System

Operations & Sustainability
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NFDI(at

Requirements Elicitation & Analysis

Proceeding

Requirements elicitation
"= Interviews with partners
= Definition of personas,
epics and user stories
Requirements analysis
=  Requirements document
= Architecture document

DOI: 10.5281/zenodo0.5882747

NFDI4Cat Metaportal
for Research Data

Presentation Layer

Repository B* Repository C* Repository D*

Repository A

One new general reposjtory for New repositories at sites Existing repositories
repository at HLRS

Distributed Storage Layer

Local storage at different sites

Excerpt of the Proposal of NFDI4Cat

\

@O0 H L R | S Z Fraunhofer

FOKUS

High-Performance Computing Center | Stuttgart



Requirements Elicitation

User Interviews
= |nterviews of 30 minutes each were conducted

with internal prospective users.

Representative research workflows
" For each research step, we jointly identified:
= jnput, i.e., all that needs to be present in
advance (including equipment);
= output, i.e, all that is generated as an
outcome of the research step.

Competency questions
= Useful for deriving requirements and for TA1

ontology development and metadata standards.

DOI: 10.5281/zenodo.5882747 @
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NFDI(at
User Interviews (I) 4C

user interview 2:

user interview 3: synchrotron QEXAFS
CO, methanation experiments
user interview 1:
user interview 4: technische universitat photocatély.tlc
biocatalysis dortmund water splitting
& mU|tIphase ﬂOW S, Tec_hnisc_:h_e m UNIVERSITAT
75 Brawmechaeig hialy | LEIPZIG user interview 11:
. TECHNISCHE Coupled in-situ
. . UNIVERSITAT . .
user interview 5: @ | MUNCHEN % TECHNISCHE and offline analytics
CO. electrolvsi G//=\ UNIVERSITAT
2 €IECLrolysis \C e C J7~> DARMSTADT
(f\aL;tlalnysllsv user interview 10:
. . eibniz-Institut fir Katalyse e.V. A
user;nrer\“ew 6 user interview 7: user interVieW 9: FISCher-TrOpSCh
metal-organic . _ _ . "
framewirks nanoparticle user interview 8: photocatalyt|c Process
& SILP catalysts selective NOx CO, reduction
reduction
Representative research workflows
—
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NFDI (at

User InterVieWS (”) user interview 21:

modelling, simulation,

optimization of fixed ) )
P user interview 20:

homogeneous catalysis

bed reactors

. . MMCHEN > MAX PLANCK INSTITUTE
user interview 12: UNIVERSITY § FOR DYNAMICS OF COMPLEX

:7‘ : TECHNICAL SYSTEMS . .
syngas-to-ethanol catalyst N MAGDEBURG user interview 19:
characterization

synthesis and characterization

of high temperature cells
E Karlsruher Institut fir Technologie q Laibnize lnsmmf¥l<u1ulyse &V

user interview 13: user interview 18:

syngas-to-ethanol catalyst syngas-to-ethanol
performance data science

UNIVERSITATGREIFSWALD
Wissen lockt. Seit 1456 \ /

user interview 17:

user interview 14: )
user interview 15: FURTHRmind

RDM for enzyme on-line GC /oli omeriz.ation user interview 16:
activity data 8 Water-gas shift

reaction )
reaction

Representative research workflows
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| | NFDI(at
Requirements Analysis — Personas

Personas

" To represent the user groups of the platform

= Characterized by name, age, profession, their overall aim and frequency in using the
platform, and their proficiency in using computers and software

Role: Scientific Data Officer

Name: Julia Huber

Age: 32 Scientist N
Local Administrator
— scientific data officer Developer
— proficient in using software Scientific Data Officer
— no intent on scientifically using the platform
Externals

— uses the platform for managing confidentiality
restrictions and is involved in the clearance process of
research data trough the platform

\
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. S NFDI
Requirements Analysis — Epics and User Stories

User stories
= A user story is a concept from software development that describes a

“functionality that will be valuable” for the user in an actionable way.
Epics

= Some user stories describe a very complex functionality which can be divided
into multiple smaller user stories and are called epics.

As a [description of user], | want [functionality] so that [benefit].

DOI: 10.5281/zen0do.5882747 (o) H L R | S Z Fraunhofer 13

FOKUS



Requirements Analysis — Epics Map

NFDI

Non-functional

at

Meta Portal Repository Storage Harvester | ([Repository Harvester Data Security Metadata Requirements Components
FAIR Data Permission Standardized : f .
GUI Preservation Data Ingest Agreement on APIs Managment Tool Annotation Teaching Materials Epics
. Multipurpose Storage| | Unified API for Data Technical Security Standardized Crediting
e and Processing Accessing i Sr e Measures Formats and Researchers
(Meta)Data Schemas
Interoperation with i
Analysis Tools Versioning vario?:s Software cosn‘:ﬁla;::ilzlnnc:m In-depth Performance
Tools Documentation
Community Tools GUI and API Legal Constraints Support complex GUI Usability
Asserions and
- Queries
Interactive Central Storage Cool-off- and Data- Seamless Integration
Dashboard . . into Workflow
ownership-models | | Providing additional
Quality A Information
uality Assessement Data Export
Tool
Quality Assurance
: Tools
N Analysis and
Reward System Data Publishing Visualization Tools
Userfriendly way of
- providing metadata
Data Managment Data Exploration
Tools
API for Management )
of preexisting Data Working Spaces
Servers
=
DOI: 10.5281/zen0d0.5882747 (9 OO H L R :I: s =~ Fraunhofer 14
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NFDI/,

Requirements Document

Interoperability and architecture requirements
analysis and metadata standardization for a
research data infrastructure in catalysis

Following an agile approach

. Kushnarenko

B. Wentzol210000-0002-0215
N. Kockmany[0000-0002-8852-3813], g g,
T. Binisch?[0000-0¢

= [terative extension of requirements document ——

{martin horsch, taras.petrenxo, volod
thomas. boeni scl
? Fraunhofer Institute for Open Con

. .
rin-Augusta-Allee 31,
{bianca.ventzel, sonja.schi
# TU Dortmund University, Department of
Laboratory of Equipment Design, Emil-Figy
{alexander.bebr, norbert.ko

= Total of ~ 230 epics and user stories s o

N NFDI4Cat: Local and overarching data
: infrastructures

s Sonja Schimmler!, Thomas Bénisch?, Martin Thomas Horsch?, Taras

. Petrenko?, Bjorn Schembera?, Volodymyr Kushnarenko?, Bianca.
within the German national research d| s Wentzel', Fabian Kirstein', Harald Viemann®, Martin Holefia®, and
fort undertaken by the German federal David Linke?
the digitalization of all scientific resea . avid Linke
demic system in accordance with the FJ
on initial outcomes from the NFDICal ’ !Fraunhofer Institute for Open Communication Systems, FOKUS

talysis research is analysed, and R 2
S omoutd oy Mot b oo ' 2High Performance Computing Center Stuttgart, HLRS
petency questions, and exploring the A 3Leibniz Institute for Catalysis, LIKAT
Methods from agile software developiu
nize, and present the collected requiren
the basis of metadata standards for res &
requirements for domain ontologies in 10 November 15, 2021
Keywords: Research data infrastruct
u The NFDI is a German national initiative that aims to develop repositories, tools,
1 Introduction » standards, and best practices for research data management across all scientific disci-
u plines. Until 2022, approximately 30 consortia will be formed under the umbrella of
e s st et 5 the NFDI c.V. association. NFDI for CatalysisRelated Sciences (NFDI4Cat) is one
tiative supported by the German federal " of these consortia, which targets research data management, for catalysis-related sci-
the digitalization of all scientific research w ences, a field that is of strategic importance for the economy and society as a whole.
benefit association (NFDI ¢.V.) and s adv w In this paper, we give a brief overview of the consortium and introduce its planned
w local and overarching data infrastructures. We further describe our approach for
% requirements clicitation and analysis, and provide some first insights on our findings.

=« 1 Introduction

Catalysis is one of the key technologies for tackling challenges related to climate change. This
research field is investigating the acceleration of chemical transformation by using a catalyst to
increase the reactions efficiency and minimize unwanted side products at the same time. Each
advancement in this catalytic research is an essential foundation for addressing problems like
attaining CO2 neutrality, finding a sustainable way to feed the worlds population or improving
the valorization of plastic waste. The ficld of catalytic rescarch is highly interdisciplinary covering
bio-, electro-, photo-, heterogeneous and homogeneous catalysis as well as disciplines like reactor
design and process engineering.

»  Catalysis-related sciences are currently facing some problems resulting in a slowdown of re-
search advancement. There are many different companics and institutes working on catalysis
research but most of the simulations and experiments take place in isolation, resulting in the
repetition of experiments and simulations. There is a lack of standardization regarding the

Current publications

BEE
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| | NFDI(at
Requirements Analysis — TA1 - TA4

As a scientist, TA1: Ontology
| want that metadata standards support an in-depth documentation of data sets Development and
so that other researchers can work with my data. Metadata Standards
TA2: Data Standards, As a developer,
Data Collection, | want an interface that provides access to the available data sets
Interfaces so that I can harvest the content.
As a scientific data officer, TA3_: Data Analysis,
| want algorithms for the automatic evaluation of the quality of data sets Quality Management
so that I can facilitate data quality assurance. and Re-Use
TAA4: Linked Extensible As a scientist,
Infrastructure and | want a meta data portal that provides access to different repositories
Access Management so that I can easily search for specific data sets.

\
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Task Area 1

o =
vl RS (/\Etalyms g P
Leibniz-Institut fir Katalyse = /,f\:,\ ”A MAX PLANCK INSTITUTE

o FOR DYNAMICS OF COMPLEX

\\xd/ \V“ VAGDEBURG UNIVERSITAT GREIFSWALD /(4

Hbéchstleistungsrechenzentrum | Stuttgart NEP : y . 2
: ' Wissen lockt. Seit 1456\

¥$% Universitit
< .
K
“A|%4> Braunschweig

o TA1: Ontology
. crt m Development and ﬂ(IT / e |
i G Metadata Standards \C G

Reaktionstechnik . i L
RWNTH technische universitat
dortmund M/\XH/\I\(KIN\[IH[F k

&

\ ‘,_ ]‘r\{‘\\

= overview about existing ontologies
= workflow to match existing ontologies

next steps
= workflow to extend ontologies from existing metadata standards
= gathering shared vocabularies

DOI: 10.5281/zenodo.5882747 @ ® 0O 17



NFDI(at
Task Area 1: Work Plan / Partners

catalyst synthesis data

Develop/extend ontologies for (M1-6) catalyst performance data F(>$;t;1re£)s
reactor engineering
catalysis-specific characterisation data . HLRS

Metadata standards for (M8-12) operando data - KIT
process engineering . LIKAT
- MPI-CEC
- MPI-DCTS
- FAU
- RWTH
- TUBS
for consolidated metadata standards } $8|[\)/IO
- UHGW

Development of basic pilot (M1)

Development of extended pilot (M2)

DOI: 10.5281/zenodo0.5882747 @ 19



Ontologies — How can we use them?

= Ontologies consist of a network of
information with logical relations
= |nterconnect (meta) data
= Different data types readable for humans
= Aim: Machine- and human-readable (meta) data
" [nformation in triplets

Person researches on 4.‘ Field of }
research

Subject Object

> Unified data formats through ontologies and standardized metadata schemes

DOI: 10.5281/zenodo.5882747 @ 20
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Map of Ontologies and 4C

Semantic Artefacts A

Molecular Modelling
@ Data Exchange with

e Theory

OntoCAPE

Process Design
IS0 15926 DEXPI
Cso1926 =D

Heat, Transport & .

Kinetic

E2

Catalysis Data E

7

Synthesis Operando

L,B Shared Vocabularies
Structured Data
Persistent Identifiers
FAIR Data

Quality Assurance

OntoKin -

Characterisation

§ \ |
/11

EnzymeML

l

DUI: 1U.5481/2€en000.5884/74/



Quest of top-level ontology

NFDI (at

Domain and task unspecific ontology, i.e. does not contain any
chemical, physical, etc. specific terms

Most abstract layer of an ontology

Define e.g. spatial and temporal relations, ?
physical and abstract objects, ...

Top-level ontologies allow  FAIR
for reuse, interoparability,  reusadle

matching not reusable

vy specific




NFDI (at
Subgroups for Ontology Development

= Ontology development and NFDI @ .
NFDI for Catalysis-Related Sciences ONTOLOGYACAT
refinement of core ontologies _ e
in three subgroup topics
' ' ' ANALYTICS, BIOCATALYSIS
top-level ontologies important - WILAAE  oudtbeons e
P 9 P CATALYSIS CATALYSIS PROCESSES
DAVID LINKE MARK DORR NORBERT KOCKMANN

DOI: 10.5281/zenodo0.5882747 @ 23
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The way to ontologies

= Many steps with domain and IT knowledge

= NFDI4Cat: most users are domain experts, not ontologists S

= Setup catalysis specific SKOS | .
~ e

Intermediate deliverable Ontology §

SKOS = Simple Knowledge Organization System Conceptual
May be contributed Linked Open Vocabularies graph. models

OowL
description logic

o Taxonomy UML, RDFS, OWL
c formal instance-of,
c ;
Thesaurus RDFS i
; Informal | formal isaand - ORELER
?é Hierarchy SKOS subclass-of,
3 ML narrgwer/broader : generalization
= : meaning, synonyms, : hierarch
: informal parent- . <., iation relations : Y metadata standards
text/plain child (directories, .

(glossary, dictionary) table of contents)

/ / data
Structural and syntactic interoperability } Semantic interoperability knowledge graphs

DOI: 10.5281/zeno0do.5882747 24



NFDI(at
Current workflow of NFDI4Cat — TA1

|| v Existing ontologies gathered
v’ Clustered by topics of catalysis research

Existing
OntOIOgieS - o e

Shared
vocabularies

= Workflow for automating SKOS generation

] * Template for domain experts (similar to VocExcel)

» Ontologies for catalysis research
{g] » Extended by concepts of community

Extended
Ontologies

DOI: 10.5281/zenodo0.5882747 @ 25



Ontology collection

= Now as website containing short

introduction to ontologies!

" Link to ontology documentation and files
= Sort Ontologies by tags relevant to

digital value chain in catalysis

https://nfdidcat.org/services/ontology-collection

©

® @

BY

MD

Introduction to ontology

design

Onto4Cat

i peabiog s Dingamins, wi Sie vonpeher kiser,

Knowledge has different forms such as scientific

papers, raw data, and even images. In most cases,
knowledge can only be fully understond if the context

is dear. For example, a table with concentrations in a

ontslogie abgedeckt

reactor is only useful if the user knows the reactor werden sail

and the substances used. Often there is no general,

formal conceptualization of the knowledge presented.

As a resulr, the data can only be understood in the

context of its presentation.

An antology is an explicit specification of a

o @

Die Domane
Kisren, weicher Teil eines
Fachbareiches durch die

SCHRITT

01

Begriffe sammeln
SCHRITT o wientigsten Begriffe. die

(2 ciomolsgioabdeckensall
bticy Mie 2ablcalcba

conceptualization. Thus, ontologies are |
represent relationships between concepy]
provide a more detailed representation o

relationships between concepts.

In order to work with ontologies, we pres|
with the most fundamental steps.

In the first step, the domain of interest is
delimited. This is necessary to make sure|
ontology is well defined and the borders
domain are dear.

Then the most important concepts to des
desired domain are gathered and sorted
many domain experts (step twa). This sh
an idea of the hierarchical structure of th

Because there are already many ontalogi|
is advised to first search those existing or
concepts gathered in step two, Here web)
Ontology Lookup Service or BioPortal car
either searching manually or utilizing an

Then, the ontalogy with most common cf
extended by the needed concepts defines

Finally, wrap up and dissemination of the]
important. Make sure to distribute the so

other scientists along the FAIR principles.|

Allin all this is a highly recursive process,
iteration in general and for each step pre|
highly advised until the ontology is suffici

use.

SHOW ALL

TOP LEVEL ONTOLOGY

SYNTHESIS DATA

OPERANDO DATA

PERFORMANCE DATA

CHARACTERISATION DATA

HEAT, TRANSPORT AND KINETIC DATA

ENERGY AND COST DATA

150 15926

150 15926 interoperability
standard

Heat, Transport and Kinetic Data
Process Design J Energy and Cost Data

The full title of 15015826 is
“Industrial Automation Systems
and Integration of Life-cycle Data
for Process Plants, including Oil
and Gas Production Facilities.” It
is about the standardization of
the flow of information. The word
“Integration” in the title means
that by using IS0 15926 all
applications can exchange
information with each other
without having to modify the
applications in any way.

Website |

Utilizes Top level Ontology :

PROCESS DESIGN

CAO

Chemical Analysis Ontology

Characterisation Data
Heat. Transport and Kinetic Data

The Chemical Analysis Ontology
(CAQ) is organized using the BFO
framework with entries primarily
under concepts (not complete by
any means), marterial entities,
information content entities (data
items), roles, and processes.
Currently, the ontology is more of
avocabulary in that development
of predicates (ontalogy
properties) that relate subjects to
objects has not been a focal
point.

Website |

Utilizes Top level Ontology :

0sSMO

Ontology for simulation,
modelling, and optimization

Erergy i Cont Dt

05MO is an ontologization and
extension of MODA, a workflow
metadata standard that
constitutes a mandatory
requirement within a number of
European calls and projects in the
context of materials modelling.
05MO was developed within the
Horizon 2020 project VIMMP
(Virtual Materials Marketplace)
and is part of a larger effort in
ontology engineering driven by
the European Materials Modelling
Council, with the European
Materials and Modelling Ontology
{EMMO) as its core.

Website |

Utilizes Top level Ontology =

26




| | NFDI (at
First Example of an Ontology Extension

= Laboratory trials = Extension of existing = Knowledge graph with
investigating Ontologies by needed raw experimental data
Biocatalysis concepts in Database
[1]
[2] ?
P
e
'S T
X
mﬁ =
[1] Eroglu, Masterthesis, AG Apparatedesign, Technische Universitat Dortmund, 2021 [2] Marquardt W, Morbach J, Wiesner A, Yang A. OntoCAPE. Berlin, Heidelberg: Springer Berlin Heidelberg; 2010
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NFDI (at

Workflow — Analysis of data

= Collecting of objects and Analysis of
Iabora'gory trials and Extended Ontology
concepts to be modelled experimental data

= Analysis of lab trials
= Physical components
of experimental setup
"= Functional aspects of

experiment Experiments to be Modelled
. . i i 1 3 0,2 3
= (Classes, Relations, D et ety soneniatons : oW s
.« . = 3 different oxygen concentration z 130 Z: z
Individuals e L L voue 2 voue 3 U
Nerns/ Mbends - 3/13 10/3 - fu Zz =
Claccase g/l 0,2 - 0,8 8 10 0,2 10
Co % 3 7 10 T o .
- 12 different experiments u 10
12 10 0,8 10

DOI: 10.5281/zenodo.5882747 28



Workflow — Extension of ontologies

= Extension with classes,
individuals, relations and
attributes modelling the

experiments

New classes and individuals added to ontology

ﬂ. CFIComparisonEc
onomicPerforman...

E‘. MassTransferDet
emination

B. ChemicalProcess
System

“'""*-
~
—

L

\/

& CFIComparisonPl

j

* & CFiComparison1

BQ CFIComparison2

“ & CFIComparison3

* & CFiComparison4

* & GFiComparisons

* & CFIComparison6

* & CFiComparison7

ant
|

!

* & CFiComparisonP!
ant1

* & CFiComparisonP
ant2

|
|

Analysis of

laboratory trials and

experimental data

Analysis of existing
ontologies

Extended Ontology

Extension of
Ontology with
prepared objects

outlet

[1]

cross-sectional velocity
contour at the inlet of

the straight pipe

Property assertions: FHFA1

Ohject property assertions
I hasFixture PMMAHeatingBath
B jsOfConstructionMethod Framewise
B hasConstructionMaterial FEP

Data property assertions
B has_Length 4.25F
B has_Inside_Diameter 0.0016f
I has_Number_Of _Turns 3
I has_Number_Of Bends 13
B has_Pitch_Distance 0.0048f

NFDI (at

Property assertions: FHFAZ

Ohject property assertions
B isOfConstructionMethod Framewise
B hasFixture PMMAHeatingBath
B hasConstructionMaterial FEP

Data property assertions
W has_Length 4.25f
B has_Inside_Diameter 0.0016f
B has_Pitch_Distance 0.0048f
I has_Number_Of_Bends 3
Mo has_Number_Of Turns 10

Two individuals with data properties »q

relevant to the experiments




Workflow — Reasoning

= Checking for Analysis of
. . . . Iabora'gorytrlals and Extended Ontology
Inconsistencies using experimental data

reasoner HermiT
= Revision of ontology

Extension of

= Obtain extended ontology Analysis of existing Ontology with

prepared objects

Extended ﬁ] p—
ontology o0

4000 -

ontologies

l SQL-query } i

DOI: 10.5281/zenod0.5882747 @
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Reasoning

Creation of

database

5226

B I

Raw data of 35"“&
A PUthOﬂ experiments with e
Data @]—b[ Database ) o
[ @ @ code meta data derived ‘;gg
from ontology 200 - ﬁi -
100 - N 40
Classes Relations Individuals Attnbutes

@Imported Ontologies ~ m Extended Ontology

30

Axioms




NFDIz(at
Task Area 2 C

_ <J‘\Etaly5|s S -
~ Fraunhofer e el H L R

FOKUS Hochstleistungsrechenzentrum ‘ Stuttgart (IT
TA2: Data standards, ﬂ

’ Karlsruher Institut fir Technologie
Data Collection, 4 »cCrt
Technische Lehrstuhl fiir Chemische
Universitst | nte rf aces Reaktionstechnik
Berlin
technische universitat \R ILL"“"‘." RWNTH
dortm U nd A\ I c:e::;no ekulare

= definition of data standards for catalyst performance data
= development of data connections tools
= evaluation of different ELNs

= next steps:
=  coupling ELNs and data connections tools

DOI: 10.5281/zenodo.5882747 @ ® G 31



NFDI (at
Task Area 2: Work Plan / Partners

catalyst synthesis data

Data standards (M1-6) N catalyst performance data
__reactor engineering Partners
catalysis-specific characterisation data (Year 1)
i ; operando data
Data collection tools (M8-12) | Drocess engineering  FOKUS
- HLRS
_ - KIT
(DMel/gC])_%nent of local pilots specific pilots, cross-cutting pilots :E%S‘T
- RWTH
- TUB
Interface specification for local - TUDo
repositories (M7) \ /

@NOIS >



M1-6 Data standards: NFDI @
ELNs Task Force Overview

= Purpose:
= To understand and document the requirements, user
concerns and organizational concerns in implementing an ELN
for catalysis research
= Activities:
= Monthly meetings
= Distribute and analyze user surveys
= QOrganize ELN testing
= Discuss with organizations who already use ELNs

DOI: 10.5281/zenodo.5882747 @O0 34



M1-6 Data standards: NFD|4@
ELNs from the User’s Perspective

User Stories User Concerns
= As aresearcher, | want: * ‘Will | need to change the way |

= easy to use tool work?’

" link experiments with e ‘Will this ELN be supported long
r.esults. term?”’

= find prior research , ,

= access from anywhere * ‘Can | access the notes if | move to

= work collaboratively a new organization?

find chemicals quickly

20.01.2022 @ 35



M2 Data standards for catalyst performance NFDI @
data: Archiving of Catalyst Data including Metadata

Experimentally measured catalyst performance data including metadata

= Fixed bed flow reactor = Data archive

=  Tubular flow reactor = Extraction of metadata for

= Monolithic flow reactor setting up input files for models
Reactor data : :
and simulation

— Performance

EXPERIMENT  type of experiment B leasess
title: Fan et al. (C02) thermal decomposition, 10% Ni/MgAlZ
FIXEDBED  length L 1.07601] m . 5 L gata: /data Fan chemal
diameter Yo 8.00E-03| m 1 H2 CO2 CO CH4 H20 = label: 7
total mass Y. 05| g 405.098] 0.051253 0.041878 0.00E+00 0.00E+00 0.00E+00 e e fracsions
bed porosity 3. 38.1| % 481.252| 0.050393 0.041886 0 0 0 f configuration: §
river: detchem_channe
particle shape - sphere 545.448| 0.047249 0.040464 0 0.001178 0.002785 output: ./mole fractions
e A oo i ] P — # output: ./conversions
N i Nl el . —————— - E parameters:
R Rl e = GR0E:03 e 632.301 0.029937 0.033865 0.001901 0.005651 0.013151 prossure; 1os
parflcletherma'condU_ct]v'tv <1 }W/"‘K 688.944| 0.023335 0.031192 0.003335 0.007264 0.018335 temperature: {Sdata: T
'a‘:;:“he'"‘a'“’:‘d”“""“’ - ‘1”/""( 746.846| 0.025841 0.029769 0.006376 0.005662 0.017805 . ierbmricAat it
t ti . )
o C??:ﬁea o vlumeratio ~ k/"‘z 806.007 | 0.032097 0.027811 0.011739 0.002632 0.016918 coz:
it t) :
e &/m 863.909] 0.035317 0.024959 0.016209 0 0.017281 | Nei min
= channel :
T T p— ~ = 929.364| 0.034966 0.022644 0.019073 0.000323 0.019073 et 1202
L radius: 1.68e-
e ~ ™ 986.007| 0.0339 0.021043 0.020686 0 0.020686 e e
all thevmnal conaugivity Y g« W/mK | 1048.944} 0.032299 0.019442 0.022299 0 0.022299 % T cat_geo: 10000
oUtside heat transfer coeff N w/m*k | 1114.399} 0.031234 0.017663 0.024627 0 0.023734 4 o
overall heat transfer coeff Yo W/m*K | :ﬁi:;;;;:iii:::nn}tep}ize: e
heat flux V3. W/m? 1 absolute tolerance: le-20
relative_tolerance: le-6
S max_integration step size: le-4
CATALYST active catalyst/metal s NI = solver:
< 5] initial_integration_step size: ls-10
metal loading 20| % max_integration step size: le-4
particle porosity e % grid:
radial points:

R. Chacku, S. Angeli, D. Schmider, H. Gossler, O. Deutschmann

© AT =
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M9 Data collection tool for catalyst NFD'JJ@
perormance data

Monitor and document processing of original data including analytics and catalyst information

GGGGGGGGGGG

00000000
eeeeeeeeeeeeeeeeee

n,\‘ut. ‘ 1no[

L’T L:} 00000000
Hmmr‘imn = mr‘}{:a

55555555

begend N-Type Thermocouple

Data archive and extraction of metadata for
Reactor data Analytics data setting up input files for models and simulation

H. Gossler et al., PhysChemChemPhys 20 (2018) 10857; Catalysts 9 (2019) 227.
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M8-M12 Data Workflow
FURTHRMINd FUQT'_lQ

APl to access and write
data via scripts™*

—)
ﬁ ‘ E @ .mongoDB

Personalized
application
for data
import

A

*  Standard user

Server

»
eeeeeeeee Expo rt*
2= Import*
SSSSSS l_gii ~> FU?T}-{Q ﬁ
File )= -
— —

Manual
entry of
data*

** Programming required

— ]

Data analysis

A

Plotting data and
comparisons®

® 9°

NFDI (at

Targets:
* Find a suitable ELN

* Testing in the working group

* Accessibility
 Automatisation

Sub-targets:

* Training of students

* Geta,feeling” for data
 Make it attractive

S. Palkovits
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| . NFDI4(at
M14 Develop basic local cross-cutting pilots

uu;- .‘5& mu&,@mor rcgste@d user 2@@ user . S 6 p -
= A system to support researchers of
| WPDIYCot infrastructure PV S different catalysis sub-disciplines to
| 2T oo | | locally handle their data
MetaPortal E 1 ] Goals:
. = Provide benefits to users in daily
; o, research routine
repositories | DataCite = Linked-data compatible FAIR data
: | ; storage
““““ N = Enable sharing & publishing via
o A NFDI4Cat meta portal
govivl = Support complex access control
Intemet V ey schemes
Intronet

LIKAT, local RDM

DOI: 10.5281/zenodo.5882747 (o) ‘J\Etalysis g 39



M14 Local cross-cutting pilots:
LIKAT s approach

v" LIKAT internal cross-cutting user survey
v’ Collection of user stories
v’ Review & evaluation of tools landscape

* Data-repository software

* ELN and LIMS systems

* Data formats

* Web development technology stacks
v' Decision about technical basis
o Implementation ongoing

DOI: 10.5281/zen0do.5882747 @

NFDI(at

> ckan

Lab{ ollector
RSpace  SciNote' chemotion

Qlabstep  labguru openBIS
! o .
-;"’ Kadi“vat

€F) eLabJournal
@ eLabFTW
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M13-17: Development of local pilots: NFD'4@
Intranet web application for local RDM

Homo-

Catalysis
#20

User Photo

Stories Catalysis
@LIKAT #9

Hetero-

Catalysis
#10

20.01.2022 DOI: 10.5281/zenodo.5882747



M13-17: Development of local pilots: NFDIzat
BasCat Pilot

General Goals
= Pilot will address the conversion of synthesis gas (CO + hydrogen) into larger hydro carbons and oxygenates.

= Development of methods and software tools for heterogeneous catalysis that support the whole data work
flow from defined experimental data, data import, data storage as well as further data processing in terms

of curation and visualization.

- Instance of repository for BasCat at FOKUS BasCat Pilot

This repository is only for testing purpose so please DO NOT store any confidential data!

= First step:

- Exploration of in-built functionalities: e e e e Wl e e
. and interfaces
- Data import (GUI, API)
- Data storage

- Data publishing and permission management
- Data exploration

Copyright € 2021 | Privacy Palicy .
Powered by ¥
i Datavelsﬂ [55 v 5.6 build 5681-1c2d8d8

—
DOI: 10.5281/zenodo.5882747 (c9) ~ Fraunhofer 42
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M13-17: Development of local pilots: NFD'“”J@
BasCat Pilot

Import of performance data for storage in BasCat repository (explore import/export functionality)
= Embedding of BasCat tools for processing of performance data (explore data science methods)
= Setting up pilot of NFDI4Cat meta dataportal (piveau)

= Connection of BasCat repository
= Stepwise extension of pilot to cover steps within the work flow (synthesis, characterization, catalytic tests)

BasCat Repository
. curate + explore +
Sip- el = JPali<F EifalE visualize analyse

synthesis plan & DOE export DOE predict

Data Science Tools

=~ Fraunhofer 43
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NFDIz(at
Task Area 3 C

% (I T TA3: Data Analysis,
Quality Management Technische '
B\ Y 8 Universitat

Karlsruher Institut fiir Technologie C nd Re-Use Berlin

= OQOverall data workflow concept developed for heterogeneous catalysis research
= Data tools developed as proof-of-concept with local data

= First link established BasCat, CaRMeN, local pilot

= Use case data measured and documented for heterogeneous catalysis

DOI: 10.5281/zenodo.5882747 44



NFDI(at
Task Area 3: Work Plan / Partners

: M- integrate existing tools into !oasic pilots / \
Novel algorithms (M1-3) ~ algorithms to rate data quality Partners
~ (Year 1)
tools for data analysis and re-use .
Tool development (M4-10) ~ tools for quality monitoring : 'IEIL_JI_BerIm
Connecting the tools (M11-14) -~ Interface external repositories
Use cases (M15-18) ~ use cases in heterogeneous catalysis

@ 0 ° ®



NFDI (at

The overall data workflow concept

local source of data repositories
(ELN; lab books; other) (NFDI; e)l(tsrnl"zil)
- analytica
The data science tools &:? computetional
- data bases
reactor setup exp. data ( import + store =P curate +visualize =% explore + analyse \
parallel reactor - measured catalytic: - clean data - select / combine / e
operated via performance = > - remove outliers exclude data model
a script f(catalyst, reaction - annotate - match with imported - statistic models
conditions, time, ...) - enrich meta data data from other - ML models
T sources - kinetic models
- reactor models
synthesis synthesis plan . <~
manual or - new catalyst <::I export DOE <+— DOE: design new <— predict
automated composition to be - convert the DOE experiments - use models to
catalyst synthesized and into feasible real- - identify regions of predict
synthesis procedure world instructions best performance or performance

knowledge gain

A

quality assurance

- benchmarking

- reference catalysts
- plausibility checks ...

® W e T  ©

UniCat BASF JointLab K rlsruher Institut fiir Technologie



Tool development

import / store

curate / visualize

explore / analyze

as proof-of-concept

model

NFDI (at

quality assessment

From files to data frames

s MJ@.

« 9 ¢

AFS l

|:;| pandas

Importing & storing tools

= Data from preparation,
testing and analytic is semi-
automatically imported and
stored in structured data-
frame

Plot multiple experiments

Visualization tools

=  (Calculation of experimental
performance indicators

=  Visualization and comparison
of catalyst performance

Meta analysis

Hypothesis: adding Li increases S,,, <

T osNcozony

Group
assignment

w/o Li with Li

»

Tosherey T sheray

Regression analysis:
effect size & statistical significance =

Analysis tools

=  Twinning

=  Regression

=  Meta analysis

Searching for correlations

N -
B

JL 1L \.\J-[

Ak
7B

N

Correlation tools

= Build a set of potential
descriptors from experiment
and theory

= |dentify and visualize
possible correlations
between different
descriptors

Quality analysis

Descriptive statistics
* Min /max/ average /
frequency distribution

Device limitations
* Detection limits
* Calibration range & error

Replicates for error estimates

* Search for data points that
are repetitions and estimate
std deviation (GC run; reactor
channel; stability along one
run; run reproduction;
synthesis reproduction; ...)

* Suggest experiments to
improve data quality

* <> Reference catalysts?

... towards fundamental criteria

20.01.2022

. E 'IJEasCat

UniCat BASF JointLab
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. NFDIz(at
Connecting the tools

Experimentally measured DFT calculations

IR Spectrum

= catalyst A . = model surface (facet, xyz file)
= state of catalyst (e.g. prereduced) 2150 1 2138 = state of surface

= temperature/pressure Pd/s-TiO, " temperature/pressure
. - Pdst cubes/s-TiO2 . -
= inlet gas composition Pd.Pb cubostahedrals-TiO, = inlet gas composition

0.005

Intensity

= Vibrational frequencies for CO
adsorption

= adsorption orientation

= vibrational mode

= |R Spectrum
= adsorption orientation

. . bridge Pd"-CO
= vibrational mode

1975
1925

— T T T T
2300 2200 2100 2000 1900 1800
Wavenumber (cm™

V. R. Naina, S. Wang, D. I. Sharapa, M. Zimmermann, M. Hahsler, L. Niebl-Eibenstein, J. Wang, C. Woll, Y. Wang, S. K. Singh, F. Studt and S. Behrens, ACS Catal., 2021, 11, 2288—-2301.

® SKIT *
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NFDI (at
Connecting the tools

CaRMeN
= Experimental = theoretical
data/metadata A 1<:1|ﬁtaf/meta:czlﬁta In(.]c
: detchem_pbr e e form of lines (i
in _ym| and CSV J’~ © . CO/02/Pd(111) BEEFvdW © . . .
CO adsorption on Pd/AI203 2159 2138 |ntenS|ty is hot
data packages Il Pas-Tio, known)
Pd,Pb cubes/s-TiO, CO/0O2/Pd(111) PEB6 ©

detchem_channel )
Pd,Pb cuboctahedra/s-TiO,

CO adsorption on Pd/TiO2 m Development Of

drivers to connect to

Ti"-CO
2183

Intensity

0.005 . .
simulation software
(e.g. VASP,
bridge Pd’-CO TURBOMOLE)

19756
i 1925
!

J . —

L] l L} Ll l Ll
2300 2200 2100 2000 1900 1800
Wavenumber (cm™)

V. R. Naina, S. Wang, D. I. Sharapa, M. Zimmermann, M. Hahsler, L. Niebl-Eibenstein, J. Wang, C. Woll, Y. Wang, S. K. Singh, F. Studt and S. Behrens, ACS Catal., 2021, 11, 2288—-2301.
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|  NFDI4at
Use case: CO hydrogenation on Rh/X/SiO,

— — FA bulk chemicals
one step process for syngas to ethanol
g fuel fuel additive
CO+H, — —_— —_— 2 o /
&\ polymers
synthesis gas methanol acetic acid ethanol = .
industrially relevant conditions parallel reactor technology complex product spectrum current scope of data
H,, CO, Ar, N, product yields vs. time-one-stream (expl.)
| B detailed synthesis
W W W PRODUCTS
14 : v scoz protocols
- Bn ¥ 5 Unknown
w2f fifl S sctte B performance data of
i v Chste . .
e —+ 10 o catalytic testing
=5 G S Propanal .
| o5t £ g i i " Shcetdenyce B analytical data: ICP-
bl 6 SR T =] [F70 k-] AtAntn0ns T v s ::a::u
el T I ' i OES, TPRed, TGA,
L} { ¥ 5 Methanol
\ | Spovere CHN, FTIR, electron
8§ H,, CO, Ar, N,, CO, Tae microscopy
; ,7 1 - 80 bal’ ? z_:?ﬂsutane
i { 180 -500 °C 0 ! v z::r:pane
1 2- 2 26 47 71 93 115 137 158 : & tear:w
AW 0:2-8mi catalyst Rh  RhMn RhFe RhMnFe T05/h 2 e

' ~GHSV 200 - 35000 h?
P. Preikschas, J. Bauer, K. Knemeyer, R.Naumann d‘Alnoncourt, R. Kraehnert, and F. Rosowski, Catal. Sci. Technol. 2021, 11, 5802-5815

T escar 0
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NFDIz(at
Next steps C

Overall data workflow concept developed applicable to heterogeneous catalysis research
» extend the concept (higher complexity, other fields of catalysis)

Data tools developed as proof-of-concept with local data
» expand the tools (heat and mass transfer, kinetics, design-of-experiments)
» integrate into local and overarching pilots

First link established BasCat, CaRMeN, local pilot
» connect with ELNs, other repositories and data sources

Use case data measured and documented for heterogeneous catalysis
» develop ontologies and meta data standards based on this example
» transform the data into the new standardized structures and formats
» use for development and testing of ELN, local pilots, overarching infrastructure

@ 0 ° o



NFDIz(at
Task Area 4 C

% Fraunhofer TAA4: Linked Extensible H L R :I: =
FOKUS Infrastructure and

Access Management

Hochstleistungsrechenzentrum ‘ Stuttgart

= Requirements analysis
= Requirements elicitation, based on stakeholder interviews
= Requirements document
= Next steps
"= Architecture document
= Software evaluation, pilot system

DOI: 10.5281/zenodo.5882747 @O0 52



Agenda and Overview

= Measures

1. Initial phase
1. Requirements Analysis
2. Software Evaluation
3. Pilot System

2. Development phase
4. Repository Layer
5. Presentation Layer
6. Additional Services

7. User Access & User Management

3. Evaluation phase
8. Operations

9. Sustainability of the Infrastructure

10. Specification Review &
11. User Acceptance Tests

20.01.2022 DOI: 10.5281/zenodo.5882747

NFDI (at

Requirements Analysis

Software Evaluation
Pilot System
Distributed Storage, Repository & Presentation Layer

Additional Services

User Access & User Management

Operations & Sustainability

User Acceptance Tests

Yearl @ Year2 ' Year3 ' VYear4d !  Year5

\
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NFDI (at
NFDI4Cat Research Data Infrastructure

meta portal

@

repository harvester

|
20.01.2022 DOI: 10.5281/zenodo.5882747 H L R :I: s =% Fraunhofer 55
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NFDI (at

|

NFDI4Cat Local Data Storage

Data “
Metadata
Recipe Data
Metadata
Laboratory ‘i
machines

Data
Metadata
Electronic Lab Notebook
(ELN)

Data Analytics

\

20.01.2022 DOI: 10.5281/zenodo.5882747 H L R :I: = % Fraunhofer 56
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NFDI4Cat Repository

Graphical User Interface (GUI)

Data Import Tool

Data Export Tool

Data Management Tool

Restriction Management
Tool

Analysis Tools

Community Tools

DOI: 10.5281/zenodo.5882747

@ BY ND
High-Performance

Computing Center | Stuttgart

\

R IS Z Fraunhofer

FOKUS
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NFDI4Cat Portal

NFDI (at

Graphical User Interface (GUI) and Application Programming Interface (API)

Search and Exploration
Tools

Scientific Analysis Tools

Community Tools

Metrics Tool
(Quality Assurance)

General Statistics Tool

20.01.2022 DOI: 10.5281/zenodo.5882747
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| NFDI(at
Architecture Document

" concretization of planned architecture

= detailed description of architecture‘s components and interfaces
based on the collected requirements from the requirements
document and open questions which arised during the feedback
round of the requirements analysis

= also agile approach

= similar to requirements document interation of document through
partners

= -> extension and improvement of document

\

DOI: 10.5281/zen0do.5882747 (o) H L R | S ZFraunhofer 59
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NFDI (at

Measure 2: Software Evaluation

= |ntheinitial phase, HLRS
and FOKUS concentrate on
evaluating:

Software for
NFDI4Cat Meta Portal (Piveau)

Presentation Layer

Tools for Repositories & Metadata
semantic-logical layer Repository Software
triple stores (Dataverse, DSpace, [~

PID generation CKAN, etc.)

Software of Pre-existing
Local Infrastructures

Repository Layer

Tools for Lab
electronic lab notebooks ~—
SW for SW for for Large
BLOBs File Storage

Distributed Storage Layer

\
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| | NFDI(at
Measure 3: Pilot System (with TA2/3)

.

T
= Pilot system at BasCat@TU Berlin e .
= Covers a wide range of aspects -."- L
=  Will serve as a blueprint Revse Process

= Further pilot systems at other institutions Data
= May (further) develop their own components Lifecycle ~
= May reuse components later on < A
Access — Analyze

(m

(m

Preserve

DOI: 10.5281/zen0do.5882747 (o) H L R | S Z Fraunhofer 61
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NFDIz(at
Finally C

= Requirement analysis with User Stories as starting point
= Ontologies are the key for FAIR data principles

= Electronic Laboratory Notebooks are a main data source
= Data Standards are important for research

Scientific Societies Cooperation Partners

[ Data Ana |yS|S needs Bunsen-Gesellschaft NFDI4Ing
integrated quality management st e
g q y g GeCatS Data Science DAPHNE

Competence

= Repository Infrastructure and e FARMat
Interfaces for Data Access e
atalysis ataat:v:i: @
g gomlgetence I((:esela‘:'ch
1 DECHEMA Cfﬁ
= O-BA
hte BT THE LINDE GROUP The Chemical (s;!:

Advisory Role of Chemical Industry

DOI: 10.5281/zenodo0.5882747 @ 63



