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Legislative background

European instruments under EU Green deal

European Green Deal aims to transform the ECobRHoN pReCTIE & [2< okt ewr
EU into a modern, resource-efficient and '
competitive economy, ensuring:

2. NEW CIRCULAR ECONOMY PLAN

» Decarbonisation of the energy systems (no net w5
emissions of greenhouse gases by 2050) ) reovucrs g

» Transition to a Circular Economy o

» Preserving and restoring ecosystems and SD¢ &3
biodiversity

 Development of cleaner public and private .
transport Kot e DRECTVE i Tpodg

Source: Ecochain
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The Ecodesign for Sustainable Products Regulation (ESPR)

A sustainable product is likely to display one or more of the

The Ecodesign for Sustainable following characteristics:
Products Regulation (ESPR), * Uses less energy
which entered into force on 18 July * Lasts longer |
2024, is the cornerstone of the * Can be easily repaired
Commission’s approach to more  Parts can be easily disassembled and put to further use
environmentally sustainable and « Contains fewer substances of concern
circular products. * Can be easily recycled

» Contains more recycled content
» Has a lower carbon and environmental footprint over its
lifecycle

Source: European Commission | Ecodesign for Sustainable Products Regulation
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The Ecodesign for Sustainable Products Regulation (ESPR)

ESPR
Key Ecodesign product aspects

* durability, reliability; reusability;

The ESPR, being a framework

Iegis_,lation, does not specify the "/ Ecodesign ey d
requirements per product group. ¥ Requirements returbishment,

{ :  presence of substances of concern;

It |eaveS that r0|e tO the - .| L * energy use or energy efficiency;

deleg ated aCtS Performance Information * resource use or resource efficiency;
. requirements req uirements * recycled content;
Art. 6 Art. 7 * possibility of remanufacturing and recycling;

+ possibility of recovery of materials;

+ environmental impacts, including carbon and
environmental footprint;

Digital Product Passport Digital Product |

passport + expected generation of waste materials.

pppppp an |
Art. 8 y m Commission

DPP-data DPP-system

Source: European Commission (2024)
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A Digital Product Passport (DPP) is a structured collection of product
related data with pre-defined scope and agreed data ownership and
access rights conveyed through a unique identifier and that is accessible

via electronic means through a data carrier. The intended scope of the >
DPP is information related to sustainability, circularity, value retention for = E?’
re- use, remanufacturing, and recycling. ﬁ

The DPP is based on a decentralized approach for data storage and is
always uniquely linked to a product.

The DPP is an information system for the circular economy.
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DPP Implications for SMEs

@ CIRPASS Collaborative Initiative for a Standards-based Digital Product Passport for
oy s Stakeholder-Specific Sharing of Product Data for a Circular Economy

DPP Pillars

1. Aunique persistent ID for the product (including batch
and/or serialization as necessary) (1)
Suepier _ 2. Apersistent data carrier (RFID, QR Code, digital watermark,
Manufacturing Use/Repair/Reuse/Refurb Bluetooth tag, etC) (2)
Circular Economy
D D Loops 3. ADigital connector between physical product and the digital
_ ' © s t * place of information on the product (e.g., URI address) (3)
Froduct I :e Data Carrier i l‘l
_ Tam — ! 'e Digital Connector i “.‘ 4

'I’ |

. An IT architecture for facilitating the data exchange (6)
Digitized

o COIIIpOSGd of:
ational and

-lDﬂU‘ —— I-I —_ Exc"a"gel-l[’ﬂtﬂ E’“ha"gel |Dﬂtﬂ E’“ha"gel- )
product flow

Regional

Regulators
Upstream Suppliers

. Standardized vocabulary
prands /Enufacturers RT& o Remanufacturers, Recyclors’ «  Standardized data exchange protocols and formats
oo @) Pc:iag;zac.‘e ° [o 0o »  Standardized stakeholder-dependent access mechanisms (read/edit
Passport — Passport i

rights)

‘ Data space for smart circular applications |

Distributed storage of information (in connection with EU dataspaces)

A stakeholder-dependent interaction layer
Source: CIRPASS consortium
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@ CIRPASS

DPP Implications for SMEs

Collaborative Initiative for a Standards-based Digital Product Passport for

Stakeholder-Specific Sharing of Product Data for a Circular Economy

Suppliers
Manufacturing Use/Repair/Reuse/Refurb
Circular Economy
Loops
t 4 t|
- 1@ Productip ! \
Product ID | 1 1
| e Data Carrier ! \
Data Carrier ! [
f Ie Digital Connector : 'l
Digital Connector : ' : 1} ———
hJ National and
Digitized |Datn Exchangel |Data EXChﬂllgel |Datn Exchangel |Dntﬂ Exchangel Regional
Regulators
product flow
Upstream Suppl\ers Brands! Manufacturers Retal\

Users

Reuse P\atform Refurbishers,
|o Remanufacturers, Recyclers
Digital o Digital B G [o
Product Product
Passport 4— Passport

‘ Data space for smart circular applications |

Source: CIRPASS consortium

Interoperable
dataspaces Digitizing the
Connection to EU industry
GDDS data N\andator Reuse of existing
Data-enabled y data catalogs and
circular business Standardized data dictionaries
models - exchange protocols

Expanded product

Sector-specific
data models

- mandatory
sustainability &
circularity information

Linked ontologies

Extended ESG

Advanced Digital
traceability

Services (DLT, VC, DIDs,
Digital Twins, ...)
Connection to EU pPP Support efficient
international DPPs supply-chain-wide

reporting
Non mandatory
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DPP Reference architecture

J Key relations between roles

& & & (Other actors

wef)  Relates to anumber of roles

- System belonging to a role

Provide DPP g DPP templates

related services

Back-up

Eﬂ responsible EO

Customs Authorities Register
Check m EC Central Services product
product DPP data repository
E EU CSW-CERTEX compliznce

E 0P registry

Make data
camer
available to

] opP web portal Aeoess DFF

data

D Web browser or spps
a Market Authorities nga _
Lt Data carrier

e

Set clrui Access and
rules for update batch /
rodal lavel Access mode item DPP data Access DPP
DFP data level DPP data if original
DPP is not
available
Credentials authorities and
Issuing authorities
) End Users, including the
g Credentials Previde public
Credentials

Source: CIRPASS-2 reference architecture (2026)
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o 3 .  Overat DPP Web |
= conomic Operators Portal =
L I’ collect/gather information related

- to their product to create the DPP

[ The Commission's web portal allows
, ; . stakeholders to find links to DPPs, with access
The product’s DPP identifiers are created : determined by their specific permissions.
and the DPP is registered in the DPP H

Registry

. =

-2

Market Authorities can search the DPP and

The full DPP data is -------------------- check whether the info?nation is correct and
DPP_ stored with the compliant
e Registry Economic Operators =~ :

or DPP Service

— Providers servers e
S coTenT : o % The data carrier links to the DPP product

DPP CONTENT : i : i
: B T e information and consumers can make a

purchasing decision

Once the DPP exists and is registered in the :
DPP Registry, the product can be placed on <« I’
the market : R

Recyclers and Repairers can search the DPP
information via a data carrier

If a product is imported, customs
authorities check the DPP provided
by the economic operator.

14 m European
Commission

Source: European Commission — DG Grow
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Batteries (>2kWh)

« Types: Electric vehicle, Light Means of Transport,
industrial
» Mandatory DPP in February 2027
Textiles

e Garments, shoes
* Mandatory DPP in summer 2027

leely upcoming priority groups:
Construction products
* |ron, steel, aluminium
* Furniture, including mattresses
 Tyres
« Detergents, paints, lubricants, chemicals
* Energy related products

* Information & communication technology products and
other electronics

ESPR: timeline & milestones

October 2024 16 April 2025

Adoption of the 15
ESPR Working
Plan (9m after

Establishment of
Ecodesign Forum;
calls for

25 April 2024
EP Plenary voted

June 2024
Publication of

Acts on DPP

First product
requirements

on final ESPR text ESPR in the OJ membership entry into force) start to apply
o L - L4 © L 4
o L ] ® PS o
May 2024 18 July 2024 February 2025
Al dal Council - ESPR entry into First meetingof  Acts on unsold Adoption of the
endorsement  force the Ecodesign goods first ESPR
Forum measures (e.g.
Repairability,
textiles)

Source: EC presentation in
DPP4EU (2026)



DPP Implications for SMEs

Mantra

Coffee break (5
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Actors in a DPP ecosystem

Product placed on EU
market with:

1. Unique identifier

2. Data carrier

Decentralized

— Repository
Upstream data that “
OEM requests from %’ /v/ A V\'\

suppliers
Issue / Read / Update / Deactivate

»

Supplier 1

Supplier n ,

1
1
1
1
I o_©O
1
| 1. B2C: General Public
E _ ACCE Oup 2. B2G: Market authorities, customs
| DPP |ssugd by 3. B2B: (Legitimately) Interested
| Responsible
. persons
! Economic Operator
1

Funded by

the European Union




Mantra DPP Implications for SMEs

USER STORY o
TRANSFER
LIFECYCLE STAGES P> CREATE A DPP READ A DPP WRITE TO A DPP [l RESPONSIBILITY DEACTIVATE
A DPP
OF A DPP
ROLES ¥

Responsible 1 Y —— e
Economic [ Undate a - I8 Erd of DPF
backed-up DPP| availahilit
Operator (REO) [ Link a DFP n ———— T
ownarghip

® Access from
End User Data carriar
- D oo |
T Update without
autharization
f'-\ Independent =
. Updata with
LA Operator authorization
. g9 I.J_pd:-xrr—.ar
— DPP Service oduct Eol
= Provider PPl Make available
— [DF‘PEP} a DPP back-up
Public

B

o Access &
Authorites D i |

Source: CIRPASS-2 User Stories V3 (2024)
Visual adopted from “The Lifecycle of the DPP” presentation by Abdalla
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USER STORY » As an independent operator authorized by the REO, | want to add data to the item level DPP data, so that users can access detailed and updated product information

WRITE TO A DPP
USERS ¥V

o @ wicvanaety, @
Responsible ! the (repair)data { | Ipublish the added
kﬂ Economic } entered bythe [ (repair) dataasan

Operator (REQ) Independent addition to the DPP
A, Qperator, s
; End User
REQ hosts all o e
data I record data, for
Ilog into the REO's example, repair
o | use the DPP o """""""" 3 DPP system data and spare part ~—_ | & T 3
\ . . \
I scan the data comﬁ?to&;aci\itate ! | assess | identifiers I report to the REO
7®\ Independent carrier and access > . =} information about } of the replaced
e_s operator , the repair of the 1 ) o
the product’s DPP product 1 the repair operation { record data, for . component T
“ ! example repair I log into the REQ's I enter a Imk_to my -
; & added datain the
data, in my own DPP system .
o Independent DPP system REQ's DPP system
operator hosts
== DPPservice their own data
== provider
m Public
Authorities

o
V aC;i‘e:;tlaIs

. OPTIONAL . MANDATORY O END
Source: CIRPASS-2 User Stories V3 (2024)
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SERIST ORI As an independent operator, | want to indicate in the DPP that a product no longer exists, (e.g. after remanufacturing or recycling), so that others are informed of
the state of the product.
USERS ¥ WRITE TO A DPP

Responsible
h Economic >
OremicaREY) The remanufacturer uses the DPP data combined with an evaluation of the
product to decide the most appropriate remanufacturing activity and to
(5 manage the remanufacturing process.
a End User \ e e
Remanufacuring is Qo N o
possible Iremanufacturea | | | destroy the old | | craft and publish a
___________________ = ; i — R F—
G I scan the data !Qreportto the REO : product . data carrier i new bPP 9- | add DPP i Qrepon to the REO ‘.
/* Independent carrier and access that the product is | B v ! deactivation/ | ! thatthe product is !
®_e operator the product's DPP j deactivated/ | o o o-‘--_- -------------- - | | deletiondatatomy { |  deactivated/ |
P i deleted i ¥ linfomthe |l Teystem | i deleted i
- o | destroy the old L I recycle the ! member state 5 ’
Recycling is data carrier product ; aboutweightand {
Q required L recycling type J
== DPPservice
== provider

) I'| perform statistics |
Public i N ied |
Authorities j onthe receivel :

] data :
i

N v

o
V :;ﬂz:tlals

@ v @ ooy Qe Source: CIRPASS-2 User Stories V3 (2024)




Remanufacturer

Remanufacturer ERP

3. REO's data

Third Party Data

3. Original DPP data

as in previous

privileged DFDs

Decentralized DPP
Data Repository

3. Supplier's data

1. Initiates
Minting

2. Product UID

EU
Registry
4.2 SHACL
template

Produces
Data Carrier
(see DFD 4.1.1.1)

10 JSON-LD

3. Update/Invalidate
Original DPP
as in previous
privileged DFDs

9.2 HTTP POST
with Product UID
Canonical URT Backup,

Typed Links

EU

Registry
8.2 HTTP 201

CREATED sC

8.1 HTTP POST
Add Art.12 ESPR UIDs
to EU Registry

5. Invalid Product UID
DPP KG

——

5. validated

Assembly of '\ 4 product uID DPP KG g P with credentials URLDPPKG
DPP Data & Validation of S PDP [
Transform DPP KG Ingest Data =

4.1 HTTP POST
with Product
DPP KG

/ 7.2 HTTP 201 CREATED SC

7.1 HTTP POST

with Product UID
—r Canonical URT
SHACL 4.3 Validation HE0 Resniveg Typed Links
Control s Result
Engine

Default EU Resolver

6.1 HTTP POST
with validated Canonical URI
DPP KG

" 7.HITTP 401/403 5C

DPP Implications for SMEs

Backup DPP

Data Repositories

9.3 HTTP 201
CREATED SC
9.1 rsync data
(update backup)

6.2 HTTP POST
with validated Canonical

Decentralized DPP
Data Repository

UNAUTHORIZED/
FORBIDDEN

FE—— 7 HTTP 201 CREATED SC

Source: CIRPASS consortium, DPP blueprint (2024)
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DPP Implications for SMEs

; Product information management — nominal information
v v v v
String based and technical files datasets to effectively test the early developments Ad VOS3.4 | +
Dismantlin [PDF POF | -DSM Battery
g standard  Nominal . Disassembl Testing std  Module, specs.txt
operating  info.txt 0S4.4 ‘ y std operating  nominal ;
sheet.pdf — -DT operating sheetpdf  info.txt i
v v o | sheet.pdf f ~» 0S4.3-PP
Dismantling and. f : _
inspection of the ™ Pack ” “ Sel::otl:d life
. attery
battery dqusembl : Modules testing . reassembly |
“u

0543 -
] DSS
P LIS
Serial a9/

erial; . /

’ " Module /

i i ; ¢ Reassembly
visuzl, Disassembl Modules testing / Second life / cost.txt
electric & Optimal CE y cost.txt serialstt logjson’ suitability.t” ’

insprec.txt_._,f strategy.txt 3 Module ¢
Source: DigiPrime consortium

P SoH.txts" x_t ¢
L2 v

A ¥ 1 4
Product information management - in-use conditions
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Example DPP knowledge graph for a battery

of DPP da
ARps /wwrw Mhumion-batienes com products/product’ 1 2v-80ah-ith datery ¢« Flame Retardant Electrolyte * Safety related information
» Safety related information
. = s of DPP class
p « Automatic Low Voltage ( onnect >
% Mandatory DPP £
o) Q i ¢ . 2 - 2 is of DPP cla
N « Explosion Proof Stainless Steel Cells ol % Safety related information
s Vo
5, Opp .
is of cla < o Storina informatio
M s 3toring information
Manufacturer o Renault % 9
Timestanm of type %
imestamp < 2023/01723 » * Mandatory information
Product tvpe { DPP dass
roduct type < Battery pack w o _w Lithium — ofC » Recyching information
C oar
B ; VOV y |
Perfo . s of class ¢ - - .
: ma < . Rated capacity + > alerial composition informatior
nformation g ’) o=
/A i
,
’ ! 'S Dropert
X . 4 4 . 50 a -
e e o A * PCF ® Sustainability information
§ « )
Ah v tar F » “
o 5 )
° ame - !gh" pe = w
S - of DPE
- ' I DFF cla " )
uct type » module @ o 100 euro = » Marks ) information
r -~ =
v

Funded by
the European Unior c

Source: CIRPASS consortium
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Identifier and product data

T h e re q u i re m e n t Of b atte ry paSS po r‘t d ata Eg g:xg });essg})il;identiﬁer (recommended) aéai Iv)\?::rgilz;l:::_igﬂga;iﬁi;;&::ywice (where appropriate)

tt H b t f th b tt rt H o Operator ident‘iﬁer gnd infor‘mation [Fecommended} Cr Battery category
attributes (from the battery pass consortium) Sl D
1 9 Manufacturing date
Was rece ntly Sta n d a rd Ized ( D I N D K E S P E C Symbols, labels and documentation of conformity
9 9 1 O O ) 03 Separate collection symbol 03 Meaning of labels and symbols
a3 Symbols for cadmium and lead 3 EU declaration of conformity
ey Carbon footprint label 2 Results of test reports proving compliance

o Extinguishing agent category

Battery carbon footprint
B atte ry P aSS D e m O o Battery carbon footprint per Functional Unit 3 Contribution of end of life and recycling lifecycle stage

o Contribution of raw material acquisition and 3 Carbon footprint performance class
Battery " pre-processing lifecycle stage 3 Web link to public carbon footprint study
Bl B og Contribution of main product production / manufacturing 3 General battery and manufacturer information

lifecycle stage

2 Absolute battery carbon footprint (recommended)
g Contribution of distribution lifecycle stage

i
3
= . o1
id:webiacme battery.pass:0226151e-949¢-d067- A S_llpplv Chaln due dlll ence
8ef3-162431e28976 E i Information of due diligence report 2 Supply chain indices (recommended)
S Third-parlg assurances of
o A recognised schemes (recommended)
9923566105489 = Battery materials and composition
48 co Battery chemistry O Hazardous substances
y C9 Critical raw materials o Impact of substances on environment,
EV 499.00kg i O Materials used in cathode, anode and electrolyte human health, safety, persons
status Circularity and resource efficiency
® Original
Batteries
Auditor Recycled & renewable content
c o i Pre-consumer recycled content share of Ni/ Co/ Li/ Pb L Renewable content share
i Post-consumer recycled content share of Ni/ Co/ Li/ Pb
Role of end-user in waste prevention and collection
o Information on the role of end-users O3 Information on the separate collection, the take back,
in contributing to waste prevention collection points and preparation for re-use,
Information on the role of end-users in contributing preparation for repurposing and treatment available
ca : 1
to separate collection of waste batteries for waste batteries

Source: Battery Pass consortium



https://thebatterypass.io/
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Battery Passport — standardization work

Battery Passport Data: Regulation & Standardization as a base

Data categories for the battery passport’ (select data attributes shown below)
Various data points are not defined in detail or still being specified through delegated acts and standardization efforts

Labels and conformi Supply chain due diligence Circularity & resource efficienc
Battery ty PPty g ty Yy
Pass feady @ Symbols and labels B Due diligence report Recycled content shares

Battery ID: 0101010 Meaning of labels & symbols Manuals for removal,
Battery passport ID: 1111010 Materials & composition disassembly, dismantling

bl 1

P ec operator B)] Declaration of conformity

Component part numbers &

Identifiers & product info A Hazardous substances spare parts information
Compliance of test results

Safety measures/instructions

Manufacturing info 13 Battery chemistry

(identity, place, date) Carbon footprint Performance & durability
4 Critical raw materials

Battery category n

Carbon footprint (5 metrics) Capacity, energy, power, SoH
o Materials used in cathode, . i o

Battery identifiers
(e.g.. model, EO, facility)

, ol
& Weblink to CF study AOS, SectTolybs  Expected lifetime

Battery & DPP status CF performance class b 1 Negative events

L J ey ™
s Eattery » 4 ' BatteryPass-Ready; https://thebatterypass.eu/; DIN DKE SPEC 99100 R
SPassompde @ @321 1 oomEremeemmmlEENEERIEEEEEEEEEEEE - ,
o Se Source: Battery Pass ready presentatior

in DPP4EU (2026)

Funded by

the European Union
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DPP Prototypes — Batteries

From Architecture to Action — Test Environment Demonstration

Direct use cases of the battery passport mainly unlock value along the downstream Let’s see how the Test Environment works in practice — from configuration to results.

value chain

EXEMPLARY Value of the passport: Potential additicnal value beyond regulatory compliance pending conditions beyond regulatory requirements (see “potential” use cases)

[l Direct value add along several dimensions (environmental, social and economic)

Each test follows a repeatable workflow: Setup < Execution = Validation < Reporting

Configuration

Transparent

@)

Recycling

@O

Every step is visible

and logged for
*More efficient recycling” Select Test Case ' Run Execution Validlate traceabllity.
“simplified residual value determination” Results o
Choose a scenario The Test Executor The system compares a Automated
Collection such as performs defined steps expected and actual .
Pack assembly and integration "BringBatteryToMarket” automatically. responses. Execution and
“Precise risk assessment for transport” et . B validation run without
“Reliable communication of ESG data” s :
“simplified residual value determinaticn” = ~— manual intervention.
Re-use, remanufacture or repurpose Usage ——
“Informed purchasing decisions” “Informed purchasing decisions™ S K‘) Iterative
“Eased servicing” “Eased servicing” Feedback from
“simplified residual value determination” “simplified residual value determination” e stakeholders directly
“Strearnlined trade of used and waste batteries through “sStreamlined trade of used and waste batteries through o e improves future tests
marketplaces™ marketplaces” @ ¢ - and Ul flows. oty
L o
gg&ery @ ot Battery MS1in M6 Proof of Concapt
=l Pass ready

Source: Battery Pass consortium

Funded by

the European Union

Test environment to be online this month (June 2026)

Source: Battery Pass ready consortium
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Open questions on level of granularity

Model-level DPP

« Easier for SMEs and existing Batch-level DPP
ERP/product data » Better link to suppliers,

facilities, materials and ESG Item level DPP

* Useful for pre-purchase/e- data Strongest option for circular use
commerce information cases: repair, resale, reuse,

- - « Enables more targeted :
- Limited for traceability, recalls, sudits/recalls recycling

; : | . . t
repair, resale, recycling . Key issue: what exactly is a Er;as:gzdlifcizgzlsl (;deates after

batclh '2 f.r;a]g;nented textile  Main barriers: cost,
Supply chains: infrastructure, data management,
SME readiness

Source: Cirpass2
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DPP Implications for SMEs

Demonstrator by PASSAT project

No delegated act yet, but JRC published a

Product group textile

EDPASSAT

Loffler
Z Fraunhofer

SILANS o

draft study on DPP content for textile e
apparel products o Minimal DPP

— appr. 40 data points
- Data from 7 different stakeholders (Retraced)

Activities  Sub-activities Output -
— o Ready extensions:
A1 A2 A3 A4 3 . ;
Step A Define Set market Review policy & Assess data sz‘i’izi g‘l:&::&f;' i Adapt.l\/.e gr_anUIarlty level with GS1 Resolver
Scope & context product scope t:cu:tixt'Ll i%entify legal context collection status industry data practlc‘es and d|g|ta| link
stakenolders quo .
__________ / —_—— — Zero knowledge proof for chemicals
Step B B1 N B2 \ B3 B4 .
Identifying use Specify use cases \, Validate '\ Catalogue data Prioritise and Use cases (validated), . On90|ng-
cases & data // use cases / needs classify data data needs spec (priorities) 3
’ i . "
needs /A / needs 0 o decentralized architecture in dataspace
c1 c2 c3 ca c5 Preliminary DPP data spec [= o Testing seam coding, as data carrier
[?et;gnc& Review existing Elgfglg or rSaEI:Lﬂ:rE; Set data access ;ilr::;ace (semantics, formats, granularity, )
development vocabularies vocabulaﬁes 9 y g access rights, governance rules) ° Planned:
Step D Internal @ Certiﬁcation
€| idati .
Velidetond aligation & Technology comparison (e.g. DLT vs. data space)
consultation consultation Proposal for a product group-
specific DPP data content

6/2/2026

Source: Chawla et al., (2026)

JSON

EXCEL

Product data from
producer and traceability
data from suppliers

Standard data exchange
format

Markup language for
website structure

Source: A. Herbst (2026)



@ Mantra.

Thank you for your attention

Abdelrahman Abdalla
Politecnico di Milano
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