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BATTERY

A Best Practices for standard protocols
for theory and experiment

Ontologies & Dynamic DMPs Modelling & Digital Twins

Clark et al., Adv. Energy Mater. (2021) 2102702 B,
DEFACTO / LiPlanet

Underlying data must be
not only FAIR but FAIR4
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n Best Practices — Battery2030PLUS

FAIR? Data:

F - Findable

A - Accessible
| - Interoperable

- Reusable
- Reproducible Data

- Reliable »Quality*
- Relevant

R4




B TEIRY BATTERY 2030+ Memorandum on Research Standards

+

and Guidelines

Combined, RDM tools and standardisation will not
only improve the general quality of research within
BATTERY 2030+ and enable the FAIR* data

principles. More importantly, the collaboration will

] ] 4 Slg nq iu res fro m be possible on entirely new levels, allowing for a
57 Affi I ia "i o n s novel, autonomous research approaches,

accelerated materials discovery, and data-based

research in a field that has thus far mostly adhered

to classical trial and error research.

ReQd a nd Sig N i'he Read BATTERY 2030+ Memorandum on Research

Standards and Guidelines.

Me m o I'a n d U m iOd a y: Endorse BATTERY 2030+ Memorandum by sending an email to battery2030@uu.se including your

full name and affiliation or fill out this form below.

Your name

Your email

| |
Affiliation

‘ || Submitii

*FAIR data stands for Findability, Accessibility, Interoperability, and Reuse of digital assets.

https://battery2030.eu/research/research-data-management-rdm-standards/
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n Protocols & Standards

* Key Performance Indicators (KPls) & Process Parameters (PPs) along the
R&D process chain for batteries = FOCUS ON CELL FABRICATION

Q;{&_n ) Rheological = .
r,/ A -
4 SEaag h es;on - [Gas volume and|
measurement ardness i
measurement - RasItion
Thickness Residual Wetting measurement
Active Density on/offline Porosity and humidity degree
material measurement| |[measurement tortuosity measurement measurement |l |c|actrochemical
measurement testing
Binder
Coating T: Slitting Cell Electrolyte Formation
Conductive /drying /drying assembly filling /degassing
additive
Solvent Current
collector

Separator  Cellcase  Electrolyte

From: FM. Zanotto et al. “Data Specifications for Battery Manufacturing
Digitalization”, Batteries & Supercaps (2022) e202200224
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.:oll/Stack

Contacting
Winding/Stacking

‘)II/Stack (contacted)
n'ectrode sheet (post dried)

‘)in Cell

.ectrode film (calendered)

Formation (lab scale)

Calendering .oin cell (after formation)

Electrochemistry (lab scale)

.ectrode film (dry) ‘Jin cell (after testing)

Drying
‘ectrode film (wet)

Coating

.ectrode slurry

Mixing .’e—nﬂxedwm:.

Post-Dryi
@rtion&Sealing
‘ectrode sheet .7H/Stack in casing
Coin cell assembly (lab scale)
Slitting/singulating

n Protocols & Standards

* Key Performance Indicators (KPls) & Process Parameters (PPs) along the
R&D process chain for batteries = FOCUS ON CELL FABRICATION

Synthesis (electrolyte)

.ectro lyte

Electrolyte filling & sealing

.I” cell

Press Rolling
.J“ cell (after press rolling)

Formation & degassing
.:II cell (after formation)

Electrochemistry

.l|| cell (after testing)

Snen R atssy'S

PPs and KPIs for each
step and intermediary
“product” identified

-

Network is being
created, as KPIs of one
step become PPs for
subsequent steps

First measurement
methods and protocols
for PPs & KPIs
identified
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Protocols & Standards

mperature (drying)

Elegirode film (wet)
K Coating

olid conte \ Suspension density

4 : ectrolle Viscosity (slurry)
B/ér [
ry ctrode slurry

Te@re o\the rolls
ressure & the rolls

urity {electr%%egghdﬂg

Eletfrﬁd/'esheet

ity

Metallic foreign particles
getrode gnp

ation & degassing

arface roughness

OVERALL NETWORK:

e 150+ KPIs and PPs

* Each associated with
method of measurement

* Data & Metadata

* Protocols and procedures

* Blank Detail Specifications

HUGE TASK!

* Focus on pilot activities
and best practice
examples



BATTERJ Protocols & Standards

Extract from full data base:
Calendering process, KPIs of calendered electrode

Selection of 3 KPIs w/ connection to several subsequent steps

Measurement
technique

Layer thickness Thickness gauge,
calendered Slitting/singulating ' Post Drying Electrochemistry = SEM, Laser
electrode triangulation
Porosity calendered Electrolyte filling & Formation & , Laser triangulation,

_ , Electrochemistry :
electrode sealing degassing mercury porosimetry

Formation &
Surface roughness _ Electrochemistry SEM, Reflectometer
degassing

Let‘s take a look at the complete network of process steps, KPls and PPs...
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YRR BATTERY 2030+ Knowledge base (1.0) for standards
RN cand protocols in battery research & development

Quick-access processes:

00. Mining/Recycling/Synthesis

01b. Processing

0lc. Processing

l Key Performance Indicators KPI
. Process Parameters PP

02. Pre-mixing

03. Mixing

07a. Slitting/Singulating

L R Calendering

Slitting

09. Winding/Stacking Post-drying

09L. Lab scale assembly

10. Contacting
11. Insertion & Pre-sealing

12. Electrolyte filling

14. Press rolling

15. Formation

Electrolyte
filling

Sealing
Press
rolling

15L. Formation (lab scale)

* Only desktop version running at the moment

17L_ Electrochemistry (lab scale)

htps://www.celest.de/en/or/layerl

https://battery2030.eu/research/research-data-management-rdm-standards/standards/
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Implementing Semantic Web Technology
To the battery domain - A brief retrospective

Combining several efforts
+ more features
+ more functionality
BATTERY
® %@
BattINFO
EMMO by EMMC &
Semantic Web FAIR Data FAIR
BATTERY —
Slide 16 26.06.2024 © Fraunhofer | Lukas Gold | Battery2030+ Workshop, Oslo 2@ %@ % Fraun hOfer
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Motivation

Linking Research Data to Ontology (Terms)?

Ok, Great! BUT...

How to do this mapping?

unit:OHM unit:MilliA
(in everyday research work) emmo:Electriclmpedance emmo:ElectricCurrent
unit:HZ unit:V
emmo'Frequency nit:SEC emmo:ElectricPotential
: : ' unit:
Do | have to do it again? =
Editm emmo:Time
Datei Bearbeiten Format Ansicht Hilfe 7
freq/Hz Re(Z)/0hm -Im(Z)/Ohm |Z] /Ohm Phase(Z)/deg time/s <Ewe>/V <I>»/mA
h hi . 2 1,9999814E+005 -5,0842005E-004 -2,8044581E-002 2,8049190E-002 9,1038605E+001 4,131745615463762E+003 3,8452442E+000 1,2709299E+202
Where to put this mappIing: 1,6482334E+005 7,4216514E-004 -2,3246864E-002 2,3258708E-002 8,8171432E4001 4,132296617783315E+003 3,8452420E+000 1,1706958E+802
1,3582802E+005 1,6357927E-003 -1,9288411E-002 1,9357650E-082 8,5152512E+001 4,132845593249367E+003 3,8452537E+000 1,1183223E+002
1,1194515E4005 2,2274635E-003 -1,6020076E-002 1,6174182E-082 8,2084442E+001 4,133396612315555E+003 3,8452654E+000 1,0645662E+802
9,2256156E+004 2,4567349E-003 -1,3307923E-002 1,3532788E-082 7,9540558E+001 4,133946614741639E+003 3,8452506E+000 1,0256559E+802
. 7,6028055E4004 2,6373817E-003 -1,1062559E-002 1,1372598E-082 7,6590645E4001 4,134497596261150E+003 3,8452423E+000 9,8932236E+801
How should | describe my Sample" 6,2657734E+004 2,7039335E-003 -9,2100762E-003 9,5987897E-083 7,3638588E4001 4,135047597007302E+003 3,8452401E+000 9,6577942E+001
. 5,1634871E+004 2,7133890E-003 -7,6447935E-003 8,1120497E-003 7,0458549E+001 4,135596592748039E+003 3,8452516E+000 9,3989075E+801
=  Production parameters? 4,2551219E+004 2,7010620E-003 -6,3426504E-003 6,8038341E-003 6,6932930E+001 4,136146616446145E+003 3,8452468E+000 9,1498405E+001
3,5063469E+004 2,6747584E-003 -5,2436721E-003 5,8864616E-083 6,2974209E+001 4,136697601938969E+003 3,8452506E+000 9,0785957E+801
2,8902539E4004 2,6378180E-003 -4,3150596E-003 5,0574522E-083 5,8562344E+001 4,137248594151810E+003 3,8452463E+000 O,0007919E+001

» Usage & storage history?

Slide 17 26.06.2024

Example:

QUDT

Quantity, Unit, Dimenson
and Types Ontology

Bio-Logic EIS spectrum

2,3817920E+0084

© Fraunhofer | Lukas Gold | Battery2030+ Workshop, Oslo

2,6@58475E-083

-3,5300588E-003

4,3872073E-003

github.com/emmo-repo/EMMO
qudt.org

5,3574100E+081

EMMO
Elementary Multiperspective
Material Ontology

4,137798613991297E+803

BATTERY

2®30

-

3,8452439E+000

8,8230858E+a01

~Z Fraunhofer

ISC



Motivation
Linking Research Data to Ontology (Terms)?

= Open Semantic Lab
= Object Oriented Linked Data

=  Object orientation

= Linked Data

TTTTTTT L——
2030 ~ Fraunhofer
- 1SC

ooooooooooooooooooooooooooooooooooooooooooooo



Real-world (physical) Items

o

Theoretical Background Abstract concepts
Object Orientation (O0) —

Object Orientation — a (subconsciously) often used concept
Everything

= |s an Object

Extension: Everything

= Has a Type
= Has an unique identifier Object
HasTyp{‘i Item:MyElectricCar
| Serial No.: Y02-4256
Class i Manufacturer: Green Motion
o o \ i Type No.: Y02
HasType
Category:Car | N

Defines Serial No.: string i Instance

= Set of properties Manufacturer: Category:Company E

= Valid range thereof Type No.: string :
Slide 19 26.06.2024 © Fraunhofer | Lukas Gold | Battery2030+ Workshop, Oslo
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Theoretical Background
Object Oriented Linked Data (OO-LD)

Abstract concepts

owl:sameAs

Category:Company

|
= EMMO = Schema.org
= BattINFO = FOAF
- = BVCO .- : i
Ontologles schema:Corporation
https://schema.org/Corporation
schema:Car
https://schema.org/Car
owl:sameAs
schema:serialNumber
https://schema.org/serialNumber \ o o
owl:sameAs
Category:Car
schema:manufacturer il ) .
https://schema.org/manufacturer Serial No.: St”ng
owl:sameAs Manufacturer:
emmo:Manufacturer _ :
https://w3id.org/emmo#EMMO_c0afb341_7d31_4883_a307_ae4606df2alb Type NO Strlng
BATTER) =
Slide 20 26.06.2024 © Fraunhofer | Lukas Gold | Battery2030+ Workshop, Oslo i () :‘ ‘ff,
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Application Example
OO-LD in Action

Cateqgory:Vehicle ¢son schema)

powered by ace

1-{
2~ “@context": [
3- {
a "manufacturer": "schema:manufacturer”,
5 "manufacturer*”: "emmo:EMMO c@afb341_7d31_4883 a3@7_ aed6@6df2alb”,
6 "serial_or_batch_number": "schema:seriallumber”,
7~ "serial_or_batch_number*": {
8 "@id": “Property:HasSerialNumber”,
9 "@type": "xsd:string”
10 %
11~ "serial_or_batch_number®*": {
12 "@id": “Property:HasBatchNumber™,
13 "@type": "xsd:string”
14 1
15~ "manufacturer®*": |
16 "@id": "Property:HasManufacturer"”,
17 "@type": "@id"
18 b
Ln: 14 Col:9

Category:Car uson pata)

powered by ace

2 "name": "car",
3~ |"subclass_of": [
4 "Category:0SWaf7bl1deae4esad189e32124956afobs" Se|f_prope||ed Vehide
5 L
6~ |"rdf_type": [
7 "schema:car”
8 L.
g9~ "label": [
10~ {
11 "text": "car",
12 "lang": "en"
13 ¥,

Ln: 10 Col: 6

Slide 21 26.06.2024 © Fraunhofer | Lukas Gold | Battery2030+ Workshop, Oslo

Abstract concepts

Categories:

Entity / Thing

T

SubClassOf
|

Su bCIIassOf

Vehicle
Su/bCIassO1c SUbC{

Self-propelled Externally
Vehicle propelled

Vehicle
SubClassOf

Car

3®20 Z Fraunhofer

.~ ISC



Abstract concepts

Application Example Real-world (physical) Iltems
OO-LD in Action -

_ Categories
ltem:MyElectricCar uson pata e e

Comment / Change description (optional)

[0 = sclect properties

: Entity / Thin

2 "type": [ t ty / g
3 ] "Category:0SWea8e435f766b484estbb53344c90a042" Car Types/Categories

4 5

5 "manufacturer”: "Item:0SWbd9d3e4263c94d488d10c1cddas4doss”, T

6 "manufacturer_type_no": "ye2",

7 "serial_or_batch_number”: "Y@2-4256", Type S u bC |aSSOf

8 "uuid": "5538bdc6-bded-413a-9337-73136dadedsb”, Car |

9+  "label™: [

o
11 "text": "My Electric car”,

12 "lang": "en"
Creates Define +

13 }
an ] Label(s) . SUbC|aSSOf
- ; Atleast ane label is required. Editor |ayout & |

»
15~ “description™: [

17 "text": "This is a made up car for demonstration purpose”, Input fields
18 "lang": "en" Text Lang code

19 } a
N My Electic Ca “ Vehicle
e": "MyElectricCap”

4

22 "image": "File:OSN?}GeQeFde}224d7esc185{352(1:53bef‘png"| \
23 [}

Ln:23 Col:2 Description SubC IlassOf
Green wition Do Self-propelled
Manufacturer Type No. Veh IC|e
Data structured and annotated - —— SubCllassOf
Ready for export
Car
BATTERY -

Slide 22 26.06.2024 © Fraunhofer | Lukas Gold | Battery2030+ Workshop, Oslo 2@ ‘;9 % Fl'au n hOfeI‘
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Battery2030+ Knowledge Base

Hands-on Tutorial

Battery Knowledge Base L

Contents

Battery Knowledge Base m

Welcome to the Battery
Knowledge Base

Explore Our Resources

SPARQL Query
Interface

SPARQL Endpoint

Utility & Master Data

Knowledge Graph
Flow Chart

~ Welcome to the Battery Knowledge Base entty st

An open and free collection of battery knowledge, currently with 4497 entries that anyone can edit Funding

Explore Our Resources

This knowledge base uses Semantic Web (2 standards, with support for making SPARQL queries!

SPARQL Query Interface

Utilize our SPARQL-UI for advanced querying of our database. This tool allows you to perform detailed and specific searches to find exactly what you need. * S

SPARQL Endpoint

Access our SPARQL endpoint directly to run queries and ratrieve data in real-time. * SPARQL Fndpoint(:

See also: Battery2030+ Standards and protocals(3

Content is based on

https://battery.knowledge-graph.eu

L -]

SPARQL-UI: B¢ . .
| oo (Works best in desktop version)
=+~ Utility & Master Data

\

ot BATTERY
Slide 24 26.06.2024 © Fraunhofer | Lukas Gold | Battery2030+ Workshop, Oslo * x () 2(-) % Fl‘aun hOfer
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Outlook — What's next?
FAIR Data — Not very far ahead

Add more content on

Connect with ontologies measuring techniques
(complete the process)

Include the BATTERY 2030+ community

= Link standards = Harmonisation BIG-MAP
= Link research papers = Include SOPs Archive
= Fill Wiki articles = Gather feedback & input BIG-MAP

Notebook

= Connect to BIG-MAP ELN

BIG-MAP
Appstore

BattINFO

BATTERY =
2030 ~ Fraunhofer

ISC
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