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BASE

Digital Battery Passport — common ontology concept for various systems

= Why digital passports? What is BASE?
= What is a Lithium lon Battery?

= Whatis a DBP?
Which questions to answer?

organizing the data
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Motivation: EU-Regulation 2023/1542
From February 2027, each ... battery ... = 2kWh... on the market ... shall have a ... BATTERY PASSPORT

= improve sustainability, safety, labelling, marking and information for nj n-
batteries within the European Union. L ﬁ

= minimum requirements for producer responsibility, the collection and n J :
treatment of waste batteries and for reporting. DBP = ELECTRONIC RECORD

= battery due diligence obligations on economic operators with information accessible to

= requirements for green public procurement = the general public

= notified bodies

= persons with
legitimate interest

Regulation applies to Lithium lon Batteries
X=—r
m_ I
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Motivation: Lithium ion battery
Transition from linear to circular economy

cell manufacturing

lifecycle

o — > T — .

raw material active material

@

recover battery packs
material disassemble/
reassemble o
@ use %
separate O O
components O O
repair repurpose
open/ assess &
dismantle
\ @ decide I]]]
sort DID landfill
Astrid MaaB3 22.04.2026 © Fraunhofer SCAI

Aim: Make best use of resources

= maintain & prolong 1st service life
= repurpose packs/cell for 2nd life

= recycle

= faciliate informed decisions

Challenges

batteries age

business secrets > data protection
leap in time = data available/reliable
applications = zoo of curiosities

- Several initiatives developing DBPs

= Fraunhofer
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BASE

Battery Passport for Resilient Supply Chain and Implementation of Circular Economy

https://base-batterypassport.com/

Consortium Partners
Automotive:

Q E-bus EV platform Z Fraunhofer
4 Use Cases B Automotive:
" Frugal EV platform TGSl cleantron®
19 — N o= o y
Partners =l &5 | Marine Xrph. £ Rl
i R
=1 FORD Corvus e Energy
Stationary o
BA 4 E ObJeCtlves @ udscensus
= service satisfying legal obligations =
TOPIC ID: ; MAVYRE  <JEXITCOM
STy - g m
36 months HORIZON-CL5- "%+ #” 12 secure data
Duration 2023-D2-02-03 ¥ ¥ 4 /Countries = state of health & safety diagnosis B Planet D=
= remaining useful life prediction ROK
= |ife cycle analysis assessment ==
A~ aspilsan
il ~ €8.9 millions = environmental, socio-economic &
T Estimated Project Cost governmental indicators mihe  ParakeetBV

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 or CINEA. Neither the European Union nor the granting authority can be held responsible for them.

This project has received funding from the Horizon Europe Framework Programme (HORIZON) Research and Innovation Actions under grant agreement No 101157200. 7
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current collector
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Diverse applications require varying levels of assembly

Application dictates number of cells: parallel = current? — series 2 voltage?
Practicality recommends grouping (identical) cells into (robust) subunits (cells, modules, packs)
-> improve production, handling, maintenance & replacability
- varying degrees of voltage/current, safety & data at each level of assembly
—> the higher the level, the more accessory components: control, thermal management, safetey

- no consistent naming convention

MODULE PACK

Lo, 5

CELL

Life Cycle Assessment of a Lithium-lon Battery Pack Unit Made of Cylindrical Cells, https://www.mdpi.com/2313-0105/8/8/76#app 1-batteries-08-00076
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DBP-Draft

General Product & Materials &
Manufacturer Info Composition

Responsible economic operator Identification

Manufacturer’s identification

Manufacturing date

Manufacturing Place

W\\

) Passports View
Crane Battery Passport |dentification
8d115fbf-292e-44e4-95¢c0-
70e34758b942
Battery |dentification
0000255

Blockchain status

(*) Not Verified

Value Chain Environmental & Social Circularity & EQOL Compliance, Labels & Performance &

Traceability

VVS-TECH-INDUSTRIES

VS-TECH-INDUSTRIES

16/02/2026

Virtual Locations/Production

b

Passports n J

= static data:
all except:

= dynamic data:
performance &
durability

Impact Management Certifications durability

Battery category EV
Battery weight 420 kg
Battery status ORIGINAL

\
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Some questions to answer

= supply chain = responsibility, reliability

» material = critical raw materials, hazardous, virgin materials/recycled shares

= usage/handling/transport = state of health & safety, remaining useful life, safety precautions

* reusing, repurposing, recycling = history, state of health, assessment of options, dismantling instructions, material content

= data = currentness, protection/role-based access

-> capture batteries & components in full detalil

- track history & prospective future of individuals/parts

-> consider context (situation of battery/updates of databases)

\
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Common description for all types of batteries

Aim
= chemistry/technology agnostic solution

= full detail & resolution
= easy to update

Approach
= slim ontology, elaborate knowledge graphs
= ontology build on existing ones/based on
project results
= KG structure according to application
= based on object-centered view
= complemented by process-centered view

common components

= variations in material & size
= list of components, materials
“ (open) range of attributes

- static data

cell configuration

>

battery configuration

/

o

variable components

~

= variation in voltage & power - = serial/parallel
* topology of essential (sub)components

= (open) list of accessory components

= (open) range of component attributes

- Framework for static + dynamic data

Astrid MaaB3
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Common description for all types of batteries

= chemistry/technology agnostic solution
= full detail 0o i

= easy to update

0-0 01 ONO pack Oc1
Approach
= slim ontologyfelaborlatle knowledge graphs 2 D o 48 D v GV O Do 4P B S
= ontology build on existing ones/based on
project results
- KGStructuretalloredtoappllcatlon gck 0-0 bigek 1-0 bigtk 0-0 blotk 1-0 blogk 0-0 blogk 1-0 blogk 0-0 blogk 1-0 block 0-0 block 1-0 block\0-0 block\1-0 block'0-0 block -0 block 0-0 block {-0
= based on object-centered view
= complemented by process-centered view ol 00 cof 00 ©cof 00 cof 00 cof00 cef0-0  col00 celf00 cell0-0 col0-0  celp0 celp0 celp0 colp0  celp0 ool 0
electiod ct ct !
y
m m Cl m Cl m Cl m m Cl m ctive m. Cl m Cl m. m. m m. Cl m m Cl m
rawmat. rawmal. rawmat. raw mat. rawmat. raw mal raw mat. raw mat. raw mat. raw mat. rawmat. rawmat. rawmal. rawmal. rawmat. raw matl

=
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Applying to use case data
- diverse architectures

cabinet
= slim ontology (4 labels for power devices)
1sip 1
= recursive construction of knowledge graph
: k ter_BMS ;
HDF5 as internal format = — continer
24S1p 1 1S1p 1
stack slave_1_BMS rack master BMS
st 3 2slp 1
system system module thermal_sensor module slave 1 BMS
1s2p 1 1s1p 1 251p 2s1p 2
test_device pack BMS_master BMS master  cel-block cell-block thermal_sensor block
1s1p 21p 1 24sp 1s2p 1 1s2p 1 2s2p
cell cell BMS_slave el cell slave_2 BMS cell slave_2 BMS cell
2
Astrid MaaB

BMS_Slave_CMU

system

2s1p

pack

1s9p

module

4s1p 4

ModuleDetector

2

BlockDetector

thermal_sensor

system
151p 1
array master BMS
1s1p
pack
%1p 1
module slave_1_BMS
151p
cell-module
21p
serial-element
1s2p
cell
—
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Applying to use case data

Mapping

= slim ontology (4 levels only)

= recursive construction of knowledge graph

= HDFS5 as internal format

= plenty of synonyms; contradicting usage

3

N batterymo, ule
bﬂﬂ’erypa(k
- batl‘ery
@
=

cabinet

1sip

rack

- timestamp

stack sla
— -con_necl.ion
bms_slave - - :f;l' um:
4s1 p 3 ambient temp sensor satus
bms_master T
© Pack current fal
e
ra - min,.rc:?r!:,v":lanefmvj
s system [iEdllz .al sensor <o e o) 2%, Celf tap 0t (V]
2 cell Q! a9® W in. co, o Peratyre f
« vo‘lem ‘.d\“ r Peratyre 1G]
‘,ad'- «_,otw"
(63
L
fsp 1 istp 1 251p pera,
lay
test_device
. pack BMS_master pack BMS_master cell-block .
s}
Istp sp 1 2usTp 20
cell cell BMS_slave el cell slave_2 BMS ) : Eras,
& NS i aal L
a:ég' & §f&'§§‘§§ £z 5 %e%cp %
SFSSissie LR A Y
5 &z 54, goxy ® ®, %
Teg 5358 ‘o
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BMS_Slave_CMU

master BMS
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Object centered view
Parthood concept

- : current current :

COMPONENTS  pipes
—~— | [ [ |

FUNCTIONAL PRODUCT

PRODUCT

PRODUCT

=
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Process centered view
Changes in time via General Process Ontology

current current
1 _J T 1 _J
@ PRODUCTION @ @ PRODUCTION
CAM ( EXTRUSION ) AAM

CALENDARING CALENDARING

COMPONENTS

FUNCTIONAL PRODUCT

agent
BT Croc)—— ST
o Qi

PRODUCT

\
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Summary

Ongoing work
componens = representation of battery guided by physical principles
O - information on individual battery encoded in substructure of KG
= slim ontology > flexibility & generic applicability; reduced interaction complexity
pack &1 ,
= |ink data bases to KG = updates
gdule 00 modgle Q-1 modgile Q-0 module\D
blocK 0-0 block 1-0 block\0-0 block\1-0 block'0-0 blocky-0 block )-0 block {-0
cell cell cell cellD cell cell cell cell
O
m. active m. m. m m. m. m. m.
o

rawmat. rawmat. rawmat. rawmat. rawmal. rawmat rawmal. raw mat

N\
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Summary

Ongoing work
= representation of battery guided by physical principles

- information on individual battery encoded in substructure of KG

= slim ontology > flexibility & generic applicability; reduced interaction complexity

= |ink data bases to KG = updates

} duk 0.0 modfle Q1 modfie Q-0 module\ = model history as sequence of processes

"0

¢
P

g

= complex KG = run complex queries

ock|0-0 block\1-0 block'0-0 block'y-0 block Q-0 block (-0

= basis for deriving data, e.g. aggregated product scores (ESG, LCA)

» upload detailed inspection reports = transparency.

= tracking replacement of components challenges & risks

= transfer history upon repurposing = data availability

J m. scijem. actjem. actom. sciem. aciem. ach

rawmat. rawmat. rawmat. rawmat. rawmal. rawmat rawmal. raw mat

» data ingestion

No DBP, no business!

_/
pstrid Maat ~ Fraunhofer
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Use existing ontologies

Elementary Multiperspective Material Ontology

https://github.com/emmo-repo/EMMO

Representational ontology framework based on
current materials modeling and characterization
knowledge, relying on recognized authorities.

= standardized nomenclature (IUPAC/IEC)
= persistent identifiers
= CCBY4.0

Extensions

= integrated with the EMMO universe
= focus on representing physical world
= + project specific definitions

Electro-
chemistry

Battery

’ o?o

S

Chemical
substance

General
process

(. ﬂ

@)(k2

Battery Characterization
testing methodology

Battery value

chain

Astrid MaaB3 22.04.2026 © Fraunhofer SCAI
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Concept & Architecture

[
. 5] Userinterface
Project BASE 5
ol User Partner Dataregist Semantic hub
— 2 management management gistry
IDS Connector
Database & datastore
()
8 Analytical results Performance Internal Services Federated BP
% y BP (D) Catalogue (S)
(]
+
©
[ IDS Connector
]
w
2 Predictive Al & analytics
>
e
< SOX Circularity LCA ESGE
IDS Connector
]
> Microservices & modules 22;:
|
o Authentication Authorisation Data space DLT based data
E>'> Service Service Discovery Audit
o
i g T ¢ O g
(]
5 ~
Dus = = = a :3
[P 9
3| B .
i Miner Refiners Battery OEM 10T BMS Remanufacturer  Recycler & EOL
=
o
=
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Use Cases and Demonstration Methodology
Project BASE

sasasssssene?
" asasaswe
‘ AR8RRE

General Objectives for each Pilot

lllllllllllli v

- o ' aasaenanaReRy”
o o
@ Secure and reliable access to § 80
federated DBP infrastructure i 1
3 -]
@ Systematic immutable data
inputs to DBP
@ Transparency, accuracy, and Automotive: E-bus EV platform production pilot for MERCEDES-BENZ Automotive: frugal EV platform production pilot for FORD Motors
reliability of battery indicators
@ DBP data provisions with a
realistic product development
lifecycle £ bl
[«}] @
w w
O 1]
_ 8] O
@ Interoperable data sharing é é
among value network members -] =]
@ Real physical data for circularity
index tuning, ESGE analysis and
business impact analysis Marine: electric tugboat production pilot Stationary: 2nd-life electric energy storage production pilot
—
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Current Definitions — Regulation vs. Ontology

Component

EU Battery Regulation (2023/1542)

Annex | — Definitions, specifically in Article 3 of the
Regulation

BASE Definition (Proposed Ontology)

Technical Characteristics

Battery Cell

Battery Cell-
Block

Battery
Module

Battery Pack

Astrid MaaB3

This term is not explicitly defined on its own in the EU
Battery Regulation (2023/1542), but referred to indirectly
in other definitions as: “the basic functional unit in a
battery, composed of electrodes, electrolyte, container,
terminals and, if applicable, separators, and containing
the active materials the reaction of which generates
electrical energy”

Attn: This term is not explicitly defined in the EU Battery
Regulation (2023/1542)

Article 3(17): "'battery module’ means a unit comprising
multiple battery cells that are connected together and
used as a building block of a battery pack.”

Article 3(16): "'battery pack’ means a unit that comprises
battery modules or cells and is fitted with a battery
management system; "

The smallest electrochemical unit in a battery system,
consisting of electrodes, electrolyte, terminals, and a
container (with separators if needed). It contains the
active materials that generate electrical energy through
chemical reactions and comes in various formats (e.g.,
pouch, coin, cylindrical, prismatic) depending on the
application.

A group of battery cells connected in parallel and
monitored as a unit by the Battery Management System
(BMS). If no parallel connection exists, it corresponds to a
single battery cell. In a module or pack, it is the smallest
unit with a voltage typical for its chemistry.

A mid-level unit made of battery cells (or cell blocks),
protected by an outer casing. It is the smallest unit that
can be easily exchanged. In non-modular systems (e.g.,
Cell-to-Pack), the module equals the pack.

The largest unit in a battery system, made of connected
modules or cell blocks. It includes thermal, electrical, and
safety systems and operates as a standalone power
source, while internal units cannot operate
independently.

Source: European Union (2023). EUR-Lex - 32023R1542 - EN - EUR-Lex. [online] Europa.eu. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32023R1542.

Generates and carries its own electrical current
Delivers voltage typical for its chemistry

Operates as an independent electrochemical unit

Can be connected in series or parallel to form blocks or
modules

Shares current across parallel-connected cells
Delivers a fixed voltage level depending on cell chemistry
Monitored as a single unit by the BMS

Acts as the basic electrical building block within a module
or pack

May contain multiple cell blocks or sub-modules
Shares electrical current across its internal units
Replaceable as a serviceable unit

Provides electrical and structural interface to the pack

Shares total system current across modules or blocks
Delivers power to external systems or vehicles

Contains structural housing, cooling, and control systems
Not designed for disaggregated operation of internal
components

N\
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Use case data
Converted to HDF5

I
ViTables 3.1.0
File MNode Dataset Settings Window Help
o LY [— -
P&E'd §XA0DCR TV
Tree of databases data_Current
~ I8 NMC_test_2025-08-20T11:44:362.h5
~ 5 W_BPM21_00376_NMC 0.004
- ot o = \
& Description Group properties (]
» [ Observation_metadata 1 0.004
» 9 Disclaimer . -
- &% Extra_info 2 -0.018 General System attributes User Attributes
» 9 BatteryPack )
) 9 BatteryModule 3 0.01 User attributes: 13
* & Dataset_summary 0.01 - Name Value Datatype
» [ Data_processing_log 4 i
~ % Batte g Array properties © Ah_capacity lstring - ‘
y B9 ir?;n batt_config 4 oo § :
v B “infa cell }nnﬁg 0.001 General |~ System attributes | User Attributes Voltage lstring -
nro_cedl_ B
T 'i ;Ck'[?:g? o . 0.054 | User attributes: 7 bb datasheet False lstring -
v ? 20‘::;?3:235[“; g 0054 T Name Value Datatype device type power lstring - ‘
~ & _thermal_sensor 3 ool column_pattern mean_system_curr.. Istring b id 3 int6d -
285 data_TemperatureMeasurementResult 9 | comment o . . . ]
» # _thermal_sensor 2 p- 0.054 g | independent_operat... lstnng >
~ 5 Cell-Block-150p 2051k data quality aggregated Istring - KWh_capacity lsu—ing - ‘
e 5 11|90 ) R
5 Cell-0s0p 550 data_format float6d Istring = Jabel cell lsmng .‘
» B9 _slave_2_BMS_0 12(™ .  ———————————
» 9 Cell-Block-0s0p L original column ... mean_system_curr.. | string - manufacturer lsmng - ‘
» 9 _thermal_sensor_1 13 ti c ¢ stri . ]
» 5 _thermal_sensor 0 14 0.011 guantity urren &l i model lstrlng h ‘
: ; Ts:]a[\’r:IjststSJ 150011 unit Ampere ISt"'HQ T parallel_elements 1 lint64 -
- . u_uTadSt:_gMS_ﬂt 160011 production_date lstring -
g5y data_Curren  ——————————
it data_StateOfCharge 0.011 serial_elements 1 int64 - ‘
Query results 17 ‘
150011 | Add | Delete | Whatsthis
19 0.011
50/ 0011 J Add Delete || What's this
I-]] - -

 annotated sample data
« harmonized format

use for
« data analysis
 semantic modelling

Astrid MaaB3
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Sample data
Storage application

Battery architecture

/
pstrid Maat ~ Fraunhofer
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TVS?: Data from various actors

copy old BMS data

to new one?
search function for
sparedparts
: roviders?
ESG/LIBRE paper Datasheets/D3.1 D3.2/D3.3 P
|
Precursor & Cell & Pack Re-user Collector
Miner Refiner CAM Module Producer OEM Repairer Remanufacturer Dismantle'r Recycler
producer Producer Re-purposer
General Product& 1 1 1 I 1 | ==---- ==---- ==---- ==---J
Manufacturer
Information 8 +6 +2
| 1 [ [ | | 7 7 (/@ 1 1 ¢ &' & o ' ¢ ¢ ¢ 0B /e ¢ ¢ ¢ ¢ &0 ‘I ' 1 [ [ &8 ;B ' | & | § |
Composition [ 1 [ | - - - - I — - -
17 +1 +6 +10
Value Chain ] [ [ | . ] [ [ | | [ | | [ [ | 1 1 1 1 A 1 1 7 1 it 1 1 1 /e 1 1 1 1 |
Traceability
5 +4 +1
Environmental & [ [ [ | [ [ | N | SN (TSI | S ememmme— | SR em R emEmE— | SR e —— e e e ——
Social Impact ———
9 +4 +1 +3 +1
Circularity&EOL N - I | | e e e e |y e e e e o | oy e e e | e e e | e e e
management =----- I | e e e e e e | N SN | .
L - - 1 1 |
20 +4 +1 +5 +3 +2 +5
Compliance labels & 1 [ | =----- :----- :----- :----- :-----
Certifications
7 +3 +4
Performance & === =S=S=S==S|SS=SS=SS(|SSSS=S
Durabilit — =+ ittt ittt
Y 50 +25 == == ==

Astrid MaaB3

s Dynamic data

B Data updated / added to existing attributes

Data cree’
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ESG: company-based to product-based score?

1p
Life cycle 1 KWh
MNMCE22 bat,
[Drach) *
68,7 kg CO2 eq
683 p
39,2 Ah NMC622
(Drach) mtrls
| 433k co2eq @I 49,1 kg CO2eq [
1p 1p 1ip ip
Raw materials 1 Manufacturing 1 Distributing 1 Recycling 1 kWh
kWh MMC622 bat, kWh NMCE22 bat, kEWh MMCE22 bat, NMC622 bat,
[Drach) [Drach) [Drach) [Drach)
925 kg CO2 eq 8,65 kg CO2 eq 1,64 kg CO2Zeq || -341kg CO2eq |
[ 683 p 701 p 683 p 0,0819 kg 207 p
Cathode NMC622 LiPF6 electrolyte, 1 Anode NMC622 Battery separator Coffee bag new, 1
(Drach) raw mtrls g mtrls {GLO}| market for g
battery separator |
335kg CO2eq 382kgCO2eq [ 5,67 kg CO2 eq 2,82 kg CO2 eq 3,29 kg CO2eq
R T T 17
444 p 633 p 8,88 kg ] ]
Restofpack per kg 39,2 Ah NMCg22 EOQL Li-ian
[Drach) mtrls NMCB22 battery,
S -lib Syst
o 0,0776 kg 0337kg 73p 00138 kg
43,3 kg COZ &g 49,2 kg COZ eq -341kg CO2 eq Lithium Ethylene carbonate DEC,1g Chemical, organic
hexafluorophosphat, {GLO}| market for {GLO}| market for
|e {GLO}| market for gthylene carbonate | chemical, organic |
1,45 kg CO2
Figure 15 Life cycle climate impacts (excluding use phase) per kWh battery capacity 177kg CO2eq 0572 kg CO2 eq 2 =2J 00279 kg COZ eq

from batwoman.eu: Final report on screening LCA.pdf ‘

0213 kg 0,229 kg 9,82 M)
Ethanol, without Phosgene, liquid Electricity, high
water, in 99.7% {RER}| market for voltage {ENTSO-E}|
solution state, from phosgene, liquid | | 4
Copyright © BASE. All Rights Reserved. 0,235 kg CO2 eq 0,302 kg CO2 eq 0913kg CO2eq | | Battery Passport for

Transparency and Circularity




BASE Semantic model
A generic approach applicable to various scenarios

0.38 0.33["

Chen2040Example

0.43]0.33 0.33| 0.5 gow]

[1X1:] 0.18 0.23 ok} 0.

712a298c-bda
0.38 0.5 [0.38

None
separator

dimensions

INR21700 M50 negatfe_elecfPanufagturer

None LG Chem

ONTOLOGY KNOWLEDGE GRAPH

Defined by expert communities, A synthesis of principles and data,
ontologies establish the general forming a well-structured, queryable
principles and concepts of their system. This unified dataset enables
domains in both human- and insights, enhanced Al applications, and
machine-readable formats. optimized data retrieval.

METADATA
Contextual annotation transforms raw
data into interoperable assets.

USE CASE DATA
Application-specific data originating
from local environments and
measurements. While familiar, non-
standardized naming conventions can
limit interoperability.

It provides essential information for
accurate interpretation and processing,
relying on standardized formats.

~ Fraunhofer

SCAI
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LIB-Ageing phenomena

|
Cause Mechanisms Degradation mode Effect
SEI layer formation
Time |
//‘ CET layer formation
: ‘ Electrolyte \
High temperature , decomposition Loss of Lithium
" : W Inventory
: (l" Binder decomposition
High cell voltage Zavgy/g \ Capacity Fade
\/ Graphite exfoliation
’ N
Current load s:i | Lithium plating
N\ '/ . : “ Power Fade
‘\ .‘ll Structural disordening ‘
Mechanical stress Y X 5
dessit s “v"\ Electrode particle l Conductivity Loss
cracking
Low temperature S fansition metal
dissolution
Low cell voltage Current collector
corrosion
VWiKIpeadla, Vermeer 2022
——
Astrid Maal3
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Annotation tables

csvltable optional csvjtable optional csv[table
essential attributes attributes
components + section * unit = sub unit section

data

list of
column names
+
* unit = sensor/other metadata

e sensor/other

list of components

list of components + \Z
config section,

mandatory static #2
app specific

static #1
universal

Zam 1 1 AUl .ufel‘
SCAI
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battery config file & Circularity & EOL

2. INFORMATION RELATING TO THE BATTERY MODEL ACCESSIBLE ONLY TO PERSONS WITH A LEGITIMATE INTEREST
AND THE COMMISSION

A battery passport shall include the following information relating to the battery model, which shall be accessible only to persons with a legitimate

interest and the Commission:
(a) detailed composition, including materials used in the cathode, anode and electrolyte; = cell COﬂfig file
(b) part numbers for components and contact details of sources for replacement spares;
(c) dismantling information, including at least:
— exploded diagrams of the battery system/pack showing the location of battery cells,

— disassembly sequences,

— type and number of fastening techniques to be unlocked,
—  tools required for disassembly,
— warnings if risk of damaging parts exist,

— amount of cells used and layout; > battery config file

(d) safety measures.

=
Astrid Maal3 % Frau n hOfer

SCAI



slave 2_BMS uriit
Measurementffstrument

dafa” balancing_0

boolean 1/0
CompoflentName
DeviceType
Mone
I
SubCompenentName 0
serial_slements
atfribyte:
voltage{rack:04%_c{cell-block:03}
local_id index sénges: 1-1, 1-198

omponentPrafLabel

slave_2 BMS_0
. | . 0 systgimatic_id data_Cell\Voltage~Q columnfpattern

parallel_elements comment
BatteryManagemeniSystem
measured
1 data guality
0 atrjbutes
Batterficell done dafa format quantity
Cellvoltage,
unit
fioated original column name
omponeniRreg@ebmpPonentMame
1
systematic_id Valt

voltage1_cO01

parallel_elements

=
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principles of organisation

application defines requirements in terms of power & voltage

form follows function

start with cell, build up from there

follow physics

connect cells to meet power/voltage requirements (serial=> voltage; parallel 2 power)
fix cells/contacts to satisfy robust & safe usage = encapsulate

add whatever else is needed

control

safety

=
Astrid Maal3 % Frau n hOfer

SCAI



Circularity & EOL

2. INFORMATION RELATING TO THE BATTERY MODEL ACCESSIBLE ONLY TO PERSONS WITH A LEGITIMATE INTEREST
AND THE COMMISSION

A battery passport shall include the following information relating to the battery model, which shall be accessible only to persons with a legitimate

interest and the Commission:

(a)  detailed composition, including materials used in the cathode, anode and electrolyte; - cell config file
(b) part numbers for components and €ontact details of sources for replacement spares;

needed in

(c) dismantling information, including at least: future!l
— exploded diagrams of the battery system/pack showing the location of battery cells, automated
— disassembly sequences, search for
suppliers?

— type and number of fastening techniques to be unlocked,
—  tools required for disassembly,
— warnings if risk of damaging parts exist,

— amount of cells used and layout; - pattery config file

(d) safety measures.

BA7YE

Copyright © BASE. All Rights Reserved. Batter y Passport for

Transparency and Circularity




Project Consortium

\

Z Fraunhofer @sepuanet mdscensus  PARAKEET () Tecimovanve
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Virtual Material Design
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BASE 
Digital Battery Passport – common ontology concept for various systems
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Towards a Circular Economy in Batteries: The Role of the Digital Battery 

Passport



In response to the EU Regulation (EU) 2023/1542, the BASE project aims to 

develop a Digital Battery Passport (DBP) service that enhances transparency 

and sustainability throughout the battery lifecycle. To maximize its 

utility, the initiative brings together several partners from diverse 

sectors, including automotive, marine, and stationary energy storage. 



Ultimately, the Regulation seeks to facilitate a transition from a linear to 

a circular economy in the battery industry. To achieve that, a complex, 

global network of material flows has to be mirrored by a complementary flow 

of information enabling customers to make informed decisions and providing 

recyclers with the essentials for efficiently closing the loop. 



As a legally compliant service, the DBP relies rather on semantic modelling than on AI to 

capture the physical and logical framework of the battery and battery value 

chain data. We will discuss the chosen approaches to represent the physical 

device, the up- and downstream data flows, as well as some practical 

challenges.
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BASE




Digital Battery Passport – common ontology concept for various systems

Why digital passports? What is BASE? 

What is a Lithium Ion Battery? 

What is a DBP? 

Which questions to answer? 

organizing the data 
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Diverse solutions in preparation, one of which funded by EU
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improve sustainability, safety, labelling, marking and information for batteries within the European Union.

minimum requirements for producer responsibility, the collection and treatment of waste batteries and for reporting.

battery due diligence obligations on economic operators 

requirements for green public procurement



Regulation applies to Lithium Ion Batteries 

Motivation: EU-Regulation 2023/1542


From February 2027, each … battery … ≥ 2kWh… on the market … shall have a … BATTERY PASSPORT















icons from Dall-E + stock.adobe.com

DBP = ELECTRONIC RECORD 
with information accessible to 

the general public

notified bodies

persons with 
legitimate interest
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Diverse solutions in preparation, one of which funded by EU
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Aim: Make best use of resources

maintain & prolong 1st service life

repurpose packs/cell for 2nd life

recycle 

faciliate informed decisions





Challenges

batteries age

business secrets   data protection

leap in time  data available/reliable

applications = zoo of curiosities



 Several initiatives developing DBPs



Motivation: Lithium ion battery lifecycle

24.02.2026

© Fraunhofer SCAI

Transition from linear to circular economy

repair

sort

open/
dismantle

separate

components

recover

material







cell manufacturing

battery packs

use

active material

raw material























landfill

















































repurpose

disassemble/

reassemble







assess &

decide
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data model needs to be transparent & well defined; 



feedback loop: design of new pack architectures

* fewer & larger cells, less junction more matierals

* removability

* scrap recycling

* cell-to-pack concept  new thermo-conductive adhesive fo cell bonding

* water dispersable polymers a s binder
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Battery Passport for Resilient Supply Chain and Implementation of Circular Economy

24.02.2026
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TOPIC ID: HORIZON-CL5-2023-D2-02-03

19 
Partners

4 Use Cases

36 months

Duration

€8.9 millions
Estimated Project Cost

12 
Countries

Automotive:

E-bus EV platform

Marine

Stationary

Automotive:

Frugal EV platform



Objectives

service satisfying legal obligations

secure data

state of health & safety diagnosis

remaining useful life prediction

life cycle analysis assessment

environmental, socio-economic & governmental indicators

https://base-batterypassport.com/
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Why passport ? 



demand for batteries

Based on critical raw materials

=> linear to circular economy

Responsible sourcing



What is a Lib

What is a DBP

Which questions to answer



How to organize information? 
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Functional

Unit



Components



Materials





chemistry  specific voltage 		    ionic mobility  amperage   		    amount of material  capacity 



e-

e-

standard redox potentials

“Batteries”

r







ELECTROCHEMICAL

CELL





ANODE

   current collector	         active material

CATHODE

active material	    current collector

SEPARATOR















Astrid Maaß

cell producer: 

buy materials

laminate evenly

put into casing

fill with electrolyte

initial charging & testing
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CELL

BRICK

MODULE

STACK

PACK

Diverse applications require varying levels of assembly



Application dictates number of cells:   parallel  current↑  –  series  voltage↑

Practicality recommends grouping (identical) cells into (robust) subunits (cells, modules, packs)

 improve production, handling, maintenance & replacability 

varying degrees of voltage/current, safety & data at each level of assembly

the higher the level, the more accessory components: control, thermal management, safetey

no consistent naming convention

Life Cycle Assessment of a Lithium-Ion Battery Pack Unit Made of Cylindrical Cells, https://www.mdpi.com/2313-0105/8/8/76#app1-batteries-08-00076
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DBP-Draft
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static data: 
all except:

dynamic data: performance & durability 
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DBP

Standardize information about existing batteries, make comparable

Informed decisions: 

Buyer

Refurbisher

Recycler

OEM

prevent unauthorized reuse/resale

support environmental reporting obligations
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Some questions to answer



24.02.2026

© Fraunhofer SCAI

supply chain  responsibility, reliability

material  critical raw materials, hazardous, virgin materials/recycled shares

usage/handling/transport  state of health & safety, remaining useful life, safety precautions

reusing, repurposing, recycling  history, state of health, assessment of options, dismantling instructions, material content

data  currentness, protection/role-based access

 capture batteries & components in full detail

 track history & prospective future of individuals/parts

 consider context (situation of battery/updates of databases)
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Do updates  link KG to data bases (e.g. supplier catalogue, material classifications, CO2-FP data bases)

Capture details  elaborate ontology? Always lagging behind technological developments

9



cell configuration

Common description for all types of batteries



Aim

chemistry/technology agnostic solution

full detail  & resolution

easy to update



Approach

slim ontology, elaborate knowledge graphs 

ontology build on existing ones/based on project results

KG structure according to application

based on object-centered view 

complemented by process-centered view



battery configuration





















pack

module

block

cell

raw

C/AAM

variable components

variation in voltage & power  = serial/parallel 

topology of essential (sub)components 

(open) list of accessory components

(open) range of component attributes

 Framework for static + dynamic data

common components

variations in material & size

list of components, materials

(open) range of attributes 



 static data  
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chemistry/technology agnostic solution

Flexible, open for new/future systems

Instead of defining labels for diverse assemblies, encode setup in KG structure & run complex queries 

10





Common description for all types of batteries



Aim

chemistry/technology agnostic solution

full detail

easy to update



Approach

slim ontology + elaborate knowledge graphs 

ontology build on existing ones/based on project results

KG structure tailored to application

based on object-centered view 

complemented by process-centered view
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chemistry/technology agnostic solution

Flexible, open for new/future systems

Instead of defining labels for diverse assemblies, encode setup in KG structure & run complex queries on KG

11









Applying to use case data 

 diverse architectures

slim ontology (4 labels for power devices)

recursive construction of knowledge graph

HDF5 as internal format	
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Applying to use case data

Mapping

slim ontology (4 levels only)

recursive construction of knowledge graph

HDF5 as internal format

plenty of synonyms; contradicting usage
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MATERIALS

COMPONENTS

PRODUCT

PRODUCT

FUNCTIONAL PRODUCT

Object centered view

Parthood concept



















































































solvent



 precursor	

AAM

current

collector



anode





binder

additives

precursor

CAM

current 

collector



cathode



polymer



separator

solvent



salt

electrolyte



cell

plastics

metals



housing

BMS

PWB



module

coolant

pumps

pipes



cooling

metals



pack

solvent

binder

additives
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flowchart




    as(solvent) ---- ap((.))

    ab(binder) ---- ap((.))

    aa(additives) ---- ap((.))

    apr(precursor) ---- ap((.))

    ap -->     AAM

    acc(current collector) ----accp((.)) ----> anode




    AAM --- aamp((.)) --> anode

    




    cs(solvent) ---- cp((.))

    cb(binder) ---- cp((.))

    ca(additives) ---- cp((.))

    cpr(precursor) ---- cp((.))

    cp  -->     CAM

     




    ccc(Current collector) ----cccp((.)) ----> Cathode

     CAM ---camp((.)) --> Cathode




    polymer ----- pp((.)) ---> separator




    solvent ---- sp((.)) 

    salt ---- sp((.)) 

    sp ----> electrolyte




    anode --- CP((.))

    separator --- CP((.)) 

    electrolyte --- CP((.))

    Cathode --- CP((.)) 

    CP --> cell





    plastics & M(metals) -------- HP((.)) --> housing

    PWB & BMS  --- HP

 

    housing & cell --- MP((.)) --> module




    coolant & pumps & pipes  --- Clp((.)) --> cooling

    metals ---------- Clp

    cooling & module --- PP((.)) --> pack
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COMPONENTS

FUNCTIONAL PRODUCT

MATERIALS

COMPONENTS

PRODUCT

PRODUCT

FUNCTIONAL PRODUCT

Process centered view

Changes in time via General Process Ontology



















































































solvent

MIXING

 precursor	

AAM

current

collector

PRODUCTION

anode

CALENDARING

MIXING

binder

additives

precursor

CAM

current 

collector

PRODUCTION

cathode

CALENDARING

polymer

EXTRUSION

separator

solvent

MIXING

salt

electrolyte

ASSEMBLY

cell

plastics

metals

ASSEMBLY

housing

BMS

PWB

ASSEMBLY

module

coolant

pumps

pipes

cooling

metals

ASSEMBLY

pack

solvent

binder

additives







ASSEMBLY



matter

energy

information

agent

PROCESS

matter

energy

information

parameter

tool

USE

MAINTENANCE

….
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flowchart




    as(solvent) ---- ap((.))

    ab(binder) ---- ap((.))

    aa(additives) ---- ap((.))

    apr(precursor) ---- ap((.))

    ap -->     AAM

    acc(current collector) ----accp((.)) ----> anode




    AAM --- aamp((.)) --> anode

    




    cs(solvent) ---- cp((.))

    cb(binder) ---- cp((.))

    ca(additives) ---- cp((.))

    cpr(precursor) ---- cp((.))

    cp  -->     CAM

     




    ccc(Current collector) ----cccp((.)) ----> Cathode

     CAM ---camp((.)) --> Cathode




    polymer ----- pp((.)) ---> separator




    solvent ---- sp((.)) 

    salt ---- sp((.)) 

    sp ----> electrolyte




    anode --- CP((.))

    separator --- CP((.)) 

    electrolyte --- CP((.))

    Cathode --- CP((.)) 

    CP --> cell





    plastics & M(metals) -------- HP((.)) --> housing

    PWB & BMS  --- HP

 

    housing & cell --- MP((.)) --> module




    coolant & pumps & pipes  --- Clp((.)) --> cooling

    metals ---------- Clp

    cooling & module --- PP((.)) --> pack
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Ongoing work

representation of battery guided by physical principles

 information on individual battery encoded in substructure of KG

slim ontology  flexibility & generic applicability; reduced interaction complexity

link data bases to KG  updates



Summary
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data model needs to be transparent & well defined; 



feedback loop: design of new pack architectures

* fewer & larger cells, less junction more matierals

* removability

* scrap recycling

* cell-to-pack concept  new thermo-conductive adhesive fo cell bonding

* water dispersable polymers a s binder
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Ongoing work

representation of battery guided by physical principles

 information on individual battery encoded in substructure of KG

slim ontology  flexibility & generic applicability; reduced interaction complexity

link data bases to KG  updates

model history as sequence of processes

complex KG  run complex queries

basis for deriving data, e.g. aggregated product scores (ESG, LCA)

upload detailed inspection reports  transparency

tracking replacement of components

transfer history upon repurposing



Summary





challenges & risks

data availability

data ingestion



No DBP, no business!
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data model needs to be transparent & well defined; 



feedback loop: design of new pack architectures

* fewer & larger cells, less junction more matierals

* removability

* scrap recycling

* cell-to-pack concept  new thermo-conductive adhesive fo cell bonding

* water dispersable polymers a s binder



17



Thank you
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Use existing ontologies

Elementary Multiperspective Material Ontology

24.02.2026
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https://github.com/emmo-repo/EMMO

Representational ontology framework based on current materials modeling and characterization knowledge, relying on recognized authorities. 

standardized nomenclature (IUPAC/IEC)

persistent identifiers

CC BY 4.0

Extensions

integrated with the EMMO universe

focus on representing physical world

+ project specific definitions



+
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Electro-
chemistry





Chemical substance





Characterization
methodology





Battery 
testing





General 
process





Battery value chain





Battery







Concept & Architecture

Project BASE

24.02.2026
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Physical Layer
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Use Cases and Demonstration Methodology

Project BASE









Automotive: E-bus EV platform production pilot for MERCEDES-BENZ

Automotive: frugal EV platform production pilot for FORD Motors

Marine: electric tugboat production pilot

Stationary: 2nd-life electric energy storage production pilot



Interoperable data sharing among value network members



Systematic immutable data inputs to DBP



Transparency, accuracy, and reliability of battery indicators



DBP data provisions with a realistic product development lifecycle



Secure and reliable access to federated DBP infrastructure



Real physical data for circularity index tuning, ESGE analysis and business impact analysis



24.02.2026
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Current Definitions – Regulation vs. Ontology





		Component		EU Battery Regulation (2023/1542)
Annex I – Definitions, specifically in Article 3 of the Regulation		BASE Definition (Proposed Ontology)		Technical Characteristics

		Battery Cell		This term is not explicitly defined on its own in the EU Battery Regulation (2023/1542), but referred to indirectly in other definitions as: “the basic functional unit in a battery, composed of electrodes, electrolyte, container, terminals and, if applicable, separators, and containing the active materials the reaction of which generates electrical energy”		The smallest electrochemical unit in a battery system, consisting of electrodes, electrolyte, terminals, and a container (with separators if needed). It contains the active materials that generate electrical energy through chemical reactions and comes in various formats (e.g., pouch, coin, cylindrical, prismatic) depending on the application.		Generates and carries its own electrical current
Delivers voltage typical for its chemistry
Operates as an independent electrochemical unit
Can be connected in series or parallel to form blocks or modules


		Battery Cell-Block		Attn: This term is not explicitly defined in the EU Battery Regulation (2023/1542) 		A group of battery cells connected in parallel and monitored as a unit by the Battery Management System (BMS). If no parallel connection exists, it corresponds to a single battery cell. In a module or pack, it is the smallest unit with a voltage typical for its chemistry.
		Shares current across parallel-connected cells
Delivers a fixed voltage level depending on cell chemistry
Monitored as a single unit by the BMS
Acts as the basic electrical building block within a module or pack

		Battery Module		Article 3(17): ”‘battery module’ means a unit comprising multiple battery cells that are connected together and used as a building block of a battery pack.”		A mid-level unit made of battery cells (or cell blocks), protected by an outer casing. It is the smallest unit that can be easily exchanged. In non-modular systems (e.g., Cell-to-Pack), the module equals the pack.
		May contain multiple cell blocks or sub-modules
Shares electrical current across its internal units
Replaceable as a serviceable unit
Provides electrical and structural interface to the pack

		Battery Pack		Article 3(16): ”‘battery pack’ means a unit that comprises battery modules or cells and is fitted with a battery management system;” 		The largest unit in a battery system, made of connected modules or cell blocks. It includes thermal, electrical, and safety systems and operates as a standalone power source, while internal units cannot operate independently.		Shares total system current across modules or blocks
Delivers power to external systems or vehicles
Contains structural housing, cooling, and control systems
Not designed for disaggregated operation of internal components



Source: European Union (2023). EUR-Lex - 32023R1542 - EN - EUR-Lex. [online] Europa.eu. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32023R1542.
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Use case data 

Converted to HDF5 



annotated sample data

harmonized format



use for

data analysis

semantic modelling
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Sample data

Storage application

Battery architecture
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TVS?: Data from various actors 

										+6		+2								

		+1		+6		+10														

		+4										+1								

		+4				+1				+3		+1								

				+4		+1		+5		+3						+2				+5

								+3		+4										

										+25		+24		+1						



















































































































































































































































































































		General Product & Manufacturer Information

		Materials & Composition

		Value Chain Traceability

		Environmental & Social Impact

		Circularity & EOL management

		Compliance labels & Certifications

		Performance & Durability



		8

		17

		5

		9

		20

		7

		50







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Data creation/added

Data created in previous steps



Data updated / added to existing attributes



Dynamic data

ESG/LiBRE paper







D3.2/D3.3







Datasheets/D3.1







use case data

copy old BMS data to new one?

search function for spare parts providers?  
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Miner





Re-user Remanufacturer Re-purposer





Refiner





Precursor & CAM producer





Cell & Module Producer





Pack Producer





OEM





Repairer





Collector, Dismantler





Recycler





ESG: company-based to product-based score? 









from batwoman.eu: Final report on screening LCA.pdf





Copyright © BASE. All Rights Reserved.













BASE Semantic model

A generic approach applicable to various scenarios

24.02.2026
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USE CASE DATA

Application-specific data originating from local environments and measurements. While familiar, non-standardized naming conventions can limit interoperability.

METADATA

Contextual annotation transforms raw data into interoperable assets. 
It provides essential information for accurate interpretation and processing, relying on standardized formats.

ONTOLOGY

Defined by expert communities, ontologies establish the general principles and concepts of their domains in both human- and 
machine-readable formats.



KNOWLEDGE GRAPH

A synthesis of principles and data, forming a well-structured, queryable system. This unified dataset enables insights, enhanced AI applications, and optimized data retrieval.
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Pro: 

simple concept:

collect data

annotate metadata	

query knowledge graph



mapping is art in ist own right, nontrivial challenge   



contra:  

complex infrastructure 

significant effort upfront

self-reflexion & develop standardized vocabulary

automate data collection & ingestion 
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Following the supply chain

General Process Ontology

24.02.2026

© Fraunhofer SCAI

Virtual layer

Physics models, data-driven models

Physical layer

Process line

Knowledge graph +

Data space



matter

energy

information

agent

Model step 1

process

matter

energy

information

parameter

tool





Benefits

—


Seamless documentation

Analysis

Automation

Simulation

Optimization
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step 1





step 2





…





step N





Framework to attach more data 



static data 

composition

hazardous/critical raw materials, recycled shares

supply chain

ESG/LCA

status

performance

State of X diagnosis (charge, power, health, safety)

safety 

usage, transport, dismantling
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ongoing work

div ontos under review

use project results

complex KGs

Link to CATENA-X

PRIANKAs sketch/

Company specific scores  product score

Take home msg!

No DBP, no business



keep track of objects, material, histories



slim ontology

encode info in substructures of KG

not all explicit; link KG to data  up to date 

construct detailed KG

structure physics/ guided



(double check annotations)

get data!
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LIB-Ageing phenomena



Wikipedia, Vermeer 2022
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Examination
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States
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Accessible information
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Annotation tables

battery
global info section:

key = value 

optional

attributes 

section



list of components +

config section,

mandatory

csv|table



unit  sub unit





unit  sensor/other



sensor/other 

static #2 
app specific



list of components 

cell: static data
global info section:

key = value 



csv|table

essential components + data

optional

attributes 

section



static #1
universal

observations

global info section:

key = value 

csv|table



list of 

 column names

+ 

metadata

dynamic
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battery config file  & Circularity & EOL



 cell config file

 battery config file
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Modelling concept

Objective: consistent concept for representing a battery

assembly level differentiation:

apply SoS indicators where meaningful

individual component resolution:  detect imbalances and local gradients

mechanical, electronic software = key aspects governing structure, performance and control logic

This allows to differentiate between individual components at each level of assembly and is the very basis for meaningful SoS indicators, detection of local gradients and imbalances, transparent documentation of components’ conditions and histories, as well as ESG impacts and LCA contributions.  





Approach: follow physics

common basis: cells

application defines requirements in terms of power & voltage

 connect cells to meet power/voltage requirements 

 construct firm & robust assemblies for safe usage  subunits

add whatever else is needed

control

thermal management

safety

…
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principles of organisation



application defines requirements in terms of power & voltage

form follows function

start with cell, build up from there

follow physics

connect cells to meet power/voltage requirements (serial voltage; parallel  power)

fix cells/contacts to satisfy robust & safe usage  encapsulate 

add whatever else is needed

control

safety
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Circularity & EOL



 cell config file

 battery config file



needed in future!!
automated search for suppliers? 
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Proprietary

perhaps

DBP interface to BIMS? 







Copyright © BASE. All Rights Reserved.

Sample data

Storage application

Battery architecture
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Figure 15 Life cycle climate impacts (excluding use phase) per kWh battery capacity
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2. INFORMATION RELATING TO THE BATTERY MODEL ACCESSIBLE ONLY TO PERSONS WITH A LEGITIMATE INTEREST
AND THE COMMISSION

A battery passport shall include the following information relating to the battery model, which shall be accessible only to persons with a legitimate
interest and the Commission:

(a) detailed composition, including materials used in the cathode, anode and electrolyte;
(b)  part numbers for components and contact details of sources for replacement spares;
(c) dismantling information, including at least:
—  exploded diagrams of the battery system/pack showing the location of battery cells,
—  disassembly sequences,
—  type and number of fastening techniques to be unlocked,
—  tools required for disassembly,
—  warnings if risk of damaging parts exist,
—  amount of cells used and layout;

(d) safety measures.






image116.png

data quality

measured
unit

boolean 1/0

‘SubComponentNat

! slave_2_BMS_0 data_CellVoltagaxt

BatteryManagementSystem
measured

data quality

quantity

original

voltage1_c001

Serial_elements parallel_elements

ComponeNName

BatteryCell

cell






image117.png







image126.png

Mercedes-Benz






image127.png

Sergph.






image128.png

METALS






image129.png

“/ - aspilsan






image130.png







image131.png

Lithjum
Institute







image132.png

vvvvvvvvvvvv

SURREY






image133.png

GENEVA
GRADUATE
INSTITUTE






image134.png

Solutions
for human

‘ progress






image135.png

recycling for future






image118.png

TECHNOVATIVE
SOLUTIONS






image119.png

Fraunhofer






image120.png

ELECTRIFYINGFUTURE
Be“Planet
factory






image121.png

ndscensus






image122.png

cleantron®

cleantech batteries






image123.png







image124.png

ARTECH

International BVBA

4







image125.png

Corvus Energy






image136.png

Batteriemanagement-
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Das Midtronics Battery Management Information System (BMIS) ist eine cloudbasierte Analyselésung Wird im Abonnement angeboten
und soll die Verwaltung von Batterietestgeréten, Personal und Prozessen unterstiitzen, um die Effektivitat und Rentabilitat von
Batterieprogrammen zu verbessern.

= Dashboard-Ansicht zur Hervorhebung der Programmtestieistung und Prozesskonformitat
= Verfolgen Sie die Geratenutzung vor Ort

= Halten Sie Ihre Gerate mit den neuesten Software-Updates auf dem neuesten Stand
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