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Why do we need standard protocols?

→ Compare results from different “competing” labs 

→ Compare results from different collaborating labs 

→ Boost collaboration & innovation



Best Practices for standard protocols 
for theory and experiment

Ontologies & Dynamic DMPs Modelling & Digital Twins

Clark et al., Adv. Energy Mater. (2021) 2102702

DEFACTO / LiPlanet

Underlying data must be

not only FAIR but FAIR4



Best Practices – Battery2030PLUS

FAIR4 Data:

F

A

I

R4

- Findable

- Accessible

- Interoperable

- Reusable

- Reproducible

- Reliable

- Relevant

Data

„Quality“



BATTERY 2030+ Memorandum on Research Standards 
and Guidelines

https://battery2030.eu/research/research-data-management-rdm-standards/

114 Signatures from 

57 Affiliations

Read and Sign the 

Memorandum today:

https://battery2030.eu/research/research-data-management-rdm-standards/


Protocols & Standards
• Key Performance Indicators (KPIs) & Process Parameters (PPs) along the 

R&D process chain for batteries – FOCUS ON CELL FABRICATION

From: F.M. Zanotto et al. “Data Specifications for Battery Manufacturing 

Digitalization”, Batteries & Supercaps (2022) e202200224



Protocols & Standards
• Key Performance Indicators (KPIs) & Process Parameters (PPs) along the 

R&D process chain for batteries – FOCUS ON CELL FABRICATION

• 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



Protocols & Standards

OVERALL NETWORK:

• 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



Extract from full data base:

Calendering process, KPIs of calendered electrode 

Selection of 3 KPIs w/ connection to several subsequent steps

KPI PP 1 for PP 2 for PP 3 for
Measurement 

technique
Layer thickness 

calendered 

electrode

Slitting/singulating Post Drying Electrochemistry
Thickness gauge, 

SEM, Laser 

triangulation

Porosity calendered 

electrode

Electrolyte filling & 

sealing

Formation & 

degassing
Electrochemistry

Laser triangulation, 

mercury porosimetry

Surface roughness
Formation & 

degassing
Electrochemistry SEM, Reflectometer

Protocols & Standards

Let‘s take a look at the complete network of process steps, KPIs and PPs…



Task 1.4 – Activities & Progress
Visualisation in Power BI



BATTERY 2030+ Knowledge base (1.0) for standards 
and protocols in battery research & development

https://www.celest.de/en/or/layer1

• Only desktop version running at the moment

https://battery2030.eu/research/research-data-management-rdm-standards/standards/

https://www.celest.de/en/or/layer1
https://battery2030.eu/research/research-data-management-rdm-standards/standards/


Implementing Semantic Web Technology
To the battery domain - A brief retrospective

EMMO by EMMC

BVCO Battery2030+ Knowledge Base 1.0 

FAIR Data 

Open Semantic Lab (OSL) 

BattINFO

Battery2030+ Knowledge Base 2.0 

Semantic Web

Combining several efforts

+ more features

+ more functionality
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Motivation

emmo:Time

emmo:ElectricPotential

emmo:ElectricCurrentemmo:ElectricImpedance

emmo:Frequency

EMMO

Elementary Multiperspective

Material Ontology

How should I describe my Sample?

▪ Production parameters?

▪ Usage & storage history?

github.com/emmo-repo/EMMO

qudt.org

QUDT 

Quantity, Unit, Dimenson

and Types Ontology

unit:Vunit:HZ

unit:SEC

unit:MilliAunit:OHM
How to do this mapping? 

(in everyday research work)

Where to put this mapping?

Ok, Great! BUT…
Example: 

Bio-Logic EIS spectrum

Linking Research Data to Ontology (Terms)?

Do I have to do it again?
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Open Semantic Lab

Object Oriented Linked Data

▪ Object orientation

▪ Linked Data

Motivation
Linking Research Data to Ontology (Terms)?
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Theoretical Background
Object Orientation (OO)

Object

Class

HasType

Instance

HasType

Abstract concepts Real-world (physical) Items 

Category:Car

Serial No.: string

Manufacturer: Category:Company

Type No.: string

Item:MyElectricCar

Serial No.: Y02-4256

Manufacturer: Green Motion

Type No.: Y02

Defines

▪ Set of properties

▪ Valid range thereof

Object Orientation – a (subconsciously) often used concept

Everything 

▪ Is an Object

Extension: Everything

▪ Has a Type

▪ Has an unique identifier
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How to map to
ontology terms?

Theoretical Background
Object Oriented Linked Data (OO-LD)

Ontologies

▪ Schema.org

▪ FOAF

▪ …

Category:Car

Serial No.: 

Manufacturer:

Type No.:

string

Category:Company

string

schema:Car
https://schema.org/Car

owl:sameAs

schema:Corporation
https://schema.org/Corporation

owl:sameAs

schema:serialNumber
https://schema.org/serialNumber

owl:sameAs

schema:manufacturer
https://schema.org/manufacturer

emmo:Manufacturer
https://w3id.org/emmo#EMMO_c0afb341_7d31_4883_a307_ae4606df2a1b 

owl:sameAs

▪ EMMO

▪ BattINFO

▪ BVCO

Abstract concepts
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Application Example
OO-LD in Action

Category:Vehicle (JSON Schema)

Category:Car (JSON Data)

Self-propelled Vehicle

Entity / Thing

Vehicle

Self-propelled 

Vehicle

Externally 

propelled 

Vehicle

Categories:

Car

…

SubClassOf

SubClassOf

SubClassOf
SubClassOf

SubClassOf

Abstract concepts
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Item:MyElectricCar (JSON Data)

Creates

Application Example
OO-LD in Action

Entity / Thing

Vehicle

Self-propelled 

Vehicle

Categories

Car

…

SubClassOf

SubClassOf

SubClassOf

SubClassOf

Real-world (physical) Items 

Car

Define
Editor layout & 
Input fields

HasType

Abstract concepts

Data structured and annotated –

Ready for export
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Battery2030+ Knowledge Base
Hands-on Tutorial

https://battery.knowledge-graph.eu

(Works best in desktop version)
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Outlook – What‘s next?
FAIR Data – Not very far ahead

Open
Resources

Open
Resources

Common
Vocabulary
Common

Vocabulary

Best 
Practice

Best 
Practice

Data 
Sharing

Data 
Sharing

BattINFO

BVCO

EMMO

Zenodo

BIG-MAP 
Archive

BIG-MAP 
Notebook

GitHub

BIG-MAP 
Appstore

Publications

Knowledge 
Base

Add more content on 
measuring techniquesConnect with ontologies 

(complete the process)

Include the BATTERY 2030+ community

▪ Link standards

▪ Link research papers

▪ Fill Wiki articles

▪ Connect to BIG-MAP ELN

▪ Harmonisation

▪ Include SOPs

▪ Gather feedback & input
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