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Project

The project will demonstrate a science-based approach to the
development of electrode materials forming key parts of reversible
chemical\-to-pow’er\sell
cell (FC) mode, it con
operating as\?féet-r.gl.y;s,
,ﬁ/ater e,’trolysis. This versat.i\'l‘ilty enables the

ent renewable energy sources with the electrical

uch devices operate in two modes: in fuel

gdrogen into electricity whereas when

:C), it uses exces electricity to form

4~
hydrogen from

integrat}én of int
grid @{ storing the excess energy as carbon-free chemical fuel. In
particular, the project targets mixed oxides with perovskite structure
with minimised | critical content while keeping highest possible

performances and targeting fair economic viability.
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Objectives

The main objective of the KNOWSKITE-X project is to boost the
development of materials for energy applications by combining state-
of-art approaches together with the empowerment of knowledge
discovery allowed by artificial intelligence (Al). In particular, the project
integrates a smart combination of advanced technologies, involving

tailor-made materials preparation, harmonised/.an’d” .'und-

breaking characteri'swatip methods ggau wescalegmodellilisfaoN/ o ->
enabled tools. This corpus of*open-mineed, inr e,,—@:h e, and

use-reIeVar-Tu es targ )|
knowledge required to sustain the.rati

candidate eIectroBé materials.




D) The Challenges of KNOWSKITE-X
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) The Project Partners of KNOWSKITE-X
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D \ork Packages in KNOWSKITE-X e

WP1 - Project Management

WP2 - Multi-Scale Modelling WP3 - Characterisation

WP4 - Harmonisation

WP5 - Exploitation WP6 - Dissemination
;* ) " “Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union 8
ey or the European Health and Digital Executive Agency (HADEA). Neither the European Union nor the granting authority can be held responsible for them.”
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- Harmonisation and Data Management

> Interoperability of Data

>
>

Started from the beginning of the project
|dentify which data are targeted and how they will be managed

Develop an onotolgy to organise the data and metadata from
experiments, modelling and data mining activities

Define metadata standards, semantic, documentation,
technological solutions, methodology, etc.

» Data Management Plan

>
>

* X
* *
* *
* *

* oy

Funded by the
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Key aspect in KNOWSKITE-X and is iteratively updated

Initial questionnaire to collect information about the datasets
(based on the template provided by the European Commision)

Documentation about the handling of data during and after the

L
9 gNDWSKITE—é

Table 2. Type of data potentially appearing in KNOWSKITE-X

Observational

Collected in real-time (field data, operator, laboratory
notes, pictures, etc.) and obtained in the demo
activities (WP2, WP3 and WP5)

Experimental

Simulation

Collected during the testing of materials or
prototypes and the characterisation and
identification process (WP2 and WP3)).

Models developed in WP2 will generate simulation
data (prototypes, schemes, scripts, etc.). The data
appearing from this activity will be replicable.

Derived

Reference/Canonical

Datasets that already exist are used to develop
reproducible derived data. Data obtained from
experimental datasets may be used as inputs for
modelling activities, environmental and techno-
economic assessments, calculation and
interpretation of data, graphics, analytics of data,
results analysis, etc. The partnership additionally
uses internal coding to alter data from their devices.

A collection of published and/or curated (peer-
reviewed) datasets, waste codes (EU/Basel), and data
sets make up a reference or canonical data. These
kinds of data will be utilised as input for modelling
tasks (WP2) and sustainability assessments (WP5S),

along with experimental data.

Identifier

RAMAN spectra (ex situ and in situ) of divided oxides and thin
films.

Dataset description

Raman intensity (Y, arbitr. unit) as a function of wavenumber (X,
cm)

Structural investigation at molecular level, identification of

P f the data
urpose of the da minority phases, possibly in situ/foperando.
Raw spectra (XY), curated / processed XY data (e.g. baseline
Type of data p. o, P - ¢ g
subtraction, fluorescence remaoval, normalisation...), Figures.
Form of the data Origin files, Images (Figures), XY columns text

Format of the data

.xt (XY columns), .png or .eps (figures), .spc (series of spectra)

Origin of the data

Generated by our spectrometer

Scientific community (readers of publications), R&D engineers,

end of the project Data Uiy chemists
. . . . ) Reruse of existing data Re-use foreseen for the purpose of comparison, knowledge
Final purpose is the implementation of FAIR datasets (findable, generalsation..
. . . Growing, publishable, documented (metadata readme associated
accessible, interoperable, and reusable) Data setis fie), re-usable, FAIR.readly
. 100 Mo of XY + metadata files
size of data Figures presenting curated data: ca. 1 Go
“Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union 9
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Key aspect in KNOWSKITE-X and is iteratively updated

Initial questionnaire to collect information about the datasets
(based on the template provided by the European Commision)

Documentation about the handling of data during and after the

L
2 KNOWSKITE-X

Table 2. Type of data potentially appearing in KNOWSKITE-X

Collected in real-time (field data, operator, laboratory
Observational notes, pictures, etc.) and obtained in the demo
activities (WP2, WP3 and WP5)

Collected during the testing of materials or
Experimental prototypes and the characterisation and
identification process (WP2 and WP3)).

Models developed in WPZ will generate simulation
Simulation data (prototypes, schemes, scripts, etc.). The data
appearing from this activity will be replicable.

Datasets that already exist are used to develop
reproducible derived data. Data obtained from
experimental datasets may be used as inputs for
modelling activities, environmental and techno-

Essggmis Socescments Ea!EHliﬁiSH iﬁd

Derived

Pain Points

* Many partners — Diverse approaches

« Many methods — Inconsistent workflows

* Much data — Large, complex datasets

« Many data formats — Interoperability issues
« Varying quality —» Uncertain reliability

Result: Challenging data integration & analysis

end Of the prOJeCt Data Utility f;f::‘g; community (readers of publications), R&D engineers,
. . . . . Reruse of existing data Re—use_for_eseen for the purpose of comparison, knowledge
Final purpose is the implementation of FAIR datasets (findable, generalsation..
. N . Growing, publishable, documented (metadata readme associated
accessible, interoperable, and reusable) Data o i Fle), re-ssable, FARready
. 100 Mo of XY + metadata files
size of data Figures presenting curated data: ca. 1 Go
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- Allocation of Resources d'KNCJWSKITE—X
v \“v' e ectioce

> Dedicated and Private Online Repository e B - "
> Microsoft SharePoint hosted in WarrantHub server Betaclt " ’
> Internal communication channel Get stared with yourste

» Upload and assess documents, reports, and other kinds of files

» GitHub Repository

Documents
» Primarily used to share code, e.g. machine learning models
> Development of internal data management platform 1 G cveons P | ooemen
> Internal Data Managment Platform RGOS gone T
i Elastic Search GUI Client 6 metalm_db GelitDats
> Hosted as repository o - ) . inal) s
> Is built on the iRODS (integrated rule-oriented data system) = W
Interactive apps -Ca!a\ogpmviner iRods Catalog Catalog Service
data management SyStem J ( iRODS L Bt \ﬁrtuaigFileSyslem
» Provides unified interface for accessing, managing and sharing E g ; 4
da ta Streamlit {Q.aza\chjoﬂsu’ner Gatlog Sonsumer O-ﬁmalogﬁmsumef\] (Federated) Resource Servers
. . . . . Collaborative Platforms ‘ IREbE W BRES RRES
> PrOVIdeS_ Shared and adaptlve Int.erface Wlth Varlous Web- Dis:g;ﬁsszs::aslilzzels % % m (Federated) Storage Resources
applications (e.g., Metalnx, streamlit, JupyterHub) e
> Iteratively designed, adjusted, and improved based on the needs ANALYTICS DATA DISCOVERY & MANAGEMENT

of project partners

o *: “Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union "
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» Open-Source Data Management Software

> Policy-Driven Data Management (Automation & Rules Engine)
— Automates data workflows using built-in Rules Engine (e.g. pre-processing)
— Defines metadata tagging, access control, and archival

= 20ODS | Datato Compute

> Metadata-Rich File Management (FAIR Data Pinciples) PATTERN | Open Source Metadata-Driven HPC Workflow
— Everyfile and collection can store custom metadata
— Supports metadata-based queries (e.g., based on attributes and units)

UNIFIED NAMESPACE

> Distributed & Federated Data Management
— Supports federation (e.g., connect and share data across institutions)
— Enables hybrid data management though on-premises and cloud storage

> Strong Access Control & Auditing
— Fine-grained access control at different levels (e.g., files or collections) ), e Y =
— Auditing & logging enables tracking of access, modification, and deletion YOURORGANGZATION . = A

@ FEDERATE SECURELY

> Scalability for Large Scientific Workflows sm———; :
— Designed for HPC, research data, and big data storage ORGANIZATION
— Handles large-scale data collections with hierachical organization S

irods.org

“Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union 12
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Chemicals-to-Power devices

° ° ° ]
- IRODS in the Data Lifecycle ."KNDyvsKITE—X
N~ mqfcmg\jg;ﬁ!vvzt;w‘:?ﬂw~n»g of perouskire-based slectiode

Storage & Management

— Data stored for short- or long-term

Processing & Transformation S HICIENESEaCHCatEval Sharing & Collaboration
— Query-based searches

— Data cleaned and transformed :
D — Shared with collaborators or
— Large datasets distributed across : :
: published for public access
multiple storage systems :
D : — Access control to ensure security &

— Distributed computing by :

integrating with HPC clusters compliance

— Access from different institutions

Creation & |ngestion Preservation & Archival
: — Important datasets are archived
— Data from various sources for lone-term preservation
— Metadata is added ong P
: — Version control ensures

— Automatically move new data to ey

: : reproducibility

dedicated locations
— Tape storage or cloud storage

“Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union 13
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) The KNOWSKITE-X Data Platform

> Main Page / Landing Page (Streamlit)

-

—
jupyter
)

— Serves as entry point to the user
— Provides links to other applications

Data Management (Metalnx)

— Provides GUI for iRODS

— Isusedto
v Easily upload and download files
v" Manage metadata
v" Mangae groups and permissions

Workflow Editor (Streamlit)

— Used to create & view MODA/CHADA workflows
— Connects to iRODS to retrieve/identify files and folders
— Features templates to easily create new workflows

IDEskite (Streamlit)

— Provides a machine learning platform to train models
— Connects to iRODS to select training data

Data Analysis (JupyterHub)

» Provides analysis platform for data
» Connects to iRODS to retrieve data

L
<; KNOWSKITE-X
N D,

.

k-

Y h 4

IDESKITE
whe

Streamlit
e,

1

irods_provider

RODS

: =
Main Page 0
Docker ¥ Nt
. (459
Streamlit &
b A
o =
data-management - o metalnx_db
- L
e
i R e
MODA/CHADA < » arangodb
: L DB
Streamlit |«
. 4 i
: x
Tracking Server storage
miflow € * ;:F MINIO

-

data—anabrsis
—
Jupyter

A

'

¥

N

- 3
Luser-management

g

CLOAK

A

w,

db

@ Presigra S

|
!

keycloak_db

@-’h'mmﬁi;_
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) Adaptivity in the Data Platform

> Adaptivity through Python API )

sion(host=TRODS

— iRODS can be easily interconnected with external
frameworks, e.g. Metalnx, streamlit, JupyterHub

— Basically one line of code

Load for Training

Data Source

> Adaptivity through Streamlit

Select the files to be loaded:

— Streamlit. open-source Python framework used to
Create

faulty_database.csv

— interactive data applications, 0 Data

@ Model
® Explorer

Explore for Training

— dashboards, and

=, composition
0 La8.0Sr0.0Fe8.0C00.0024

— machine learning interfaces

1 La7.0Srl.0Fe8.0C00.0024

— No need for frontend development onrhofer 2 L36.057207e8.0000.0024

3 Lab.0Sr3.0Fe8.0C00.0024
— Automatically creates Widgets (sliders, buttons, etc...)

4 La4.05r4.0Fe8.0C00.0024

5 La3.0Sr5.0Fe8.0C00.0024

— Supports real-time update

dl *L “Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union 15
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- Interoperability of Data Platform and Machine Learning

Workflow Concept Example (DFT)

Integration
New DFT Upload Pipeline (to Select
Calculation result file to Format Dataset on
is made Study on DP suitable for IDEskite
ML)

Model
Train Model populates a

on IDEskite new Study
on the DP

:*' *: “Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union 16
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matertels for

ersible Chermicals

. Hybrid Modeling of Mixed Perovskite Oxides with
- Poster in 51 Gaussian Process Regression: Overcoming Data Scarcit 9 KNOWSKITE- ;X
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- ” = .
& The KNOWSKITE-X Project & Problem Formulation
Development of science-based electrode materials for Modeling Mixed Perovskite Oxides is challenging due to
n ibl ical-to-p: cells (fuel cell, electrolytic cell), = Data scarcity in high-fidelity simulations and experimental

enabling efficient energy conversion and storage. measurements.
Compositional complexity due to the vast number of

= Key Benefits:

~ Supports renewable energy integration by storing excess elements considered in the composition!?.
power as carbon-free fuel. = Computational expenses as first-principles methods, like
° ° — Focuses on Mixed Perovskite Oxides with reduced critical Density Functional Theory (DFT), are accurate but costly.
M a c h I n e Le a r n I n g content while maintaining high performance and economic Hybrid modeling with ian Process Regression can
viability. help in modeling Mixed Perovskite Oxides by:

M O d e I b e h i n d I D E s k i t e * Objective: uncovering correlations between composition, — Learning structure-property relationships from limited data.
structure, activity, and performance in Perovskite-based - Predicting key material properties, like DFT
electrode materials using multi-scale modeling, energies, accurately & efficiently.
advanced characterization, and — Reducing reliance on expensive simulations

or experiments.

machine learning.

Gaussian Process Regression Structure Representation

Mixed Perovskite Oxides
AgA_BgB]_ 40315

Models target property £ ) ~ Uses descriptors/features

— Fits data examples {(x', F - Compositional features

- Measures similarity Doping features

structure representation x

Prediction Composite kernel

... under Data Richness ... under Data Scarcity

Data mined from the
Materials Project?!
AuAi-BgB_50y

|
e

]

Predicted Energy [eV]
Predicted Energy [eV]

Generated Data
La,Sry_CogFe, 505

17

10 9 5 7 6
DFT Energy [eV]

DFT nergy [eV]
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KNOwsKite-X.eu  Fundedby the EU 1o accelerating materials innovation * APL materials 1.1 (2013).




- Future Work & Summary & Pain Points S KNOWSIKITE-X

Knowledge-driven fine-tur
itericls for reversible CF

1sed el

icals-to-Power devices

» Challenging data integration & analysis due to

— Many partners — diverse approaches, many methods — inconsistent workflows

— Much data - large, complex datasets, many data formats — interoperatibilty issues
— Uncertain data relevance - difficult to decide what should be stored long-term

— Complex storage requirements — need a structured yet flexible collection system

— Ease of use vs. complexity — should be simple despite complex storage rules

> Potential Solutions through
— Shared and adaptive data management platform based on iRODS
— Micromanagement through dedicated (streamlit) apps

» Requirements needed

— Time and Ressources
— Steady feedback from project partners and stakeholders

“Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European Union 18
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