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Circular TwAIn
AI Platform for Integrated
Sustainable and
Circular Manufacturing Lower the barriers for all 

the stakeholders 

Circular Value 

Chains

Adopt and fully 

leverage of trusted AI 

technologies

Artificial

Intelligence

Support the development 

of interoperable circular 

Digital Twins

Digital Twins

Trusted data exchange and 

data sovereignty

Data Spaces
Fostering the transition 

towards Industry 5.0

Industry5.0

Enable end-to-end 

sustainability, covering 

the entire product life 

cycle considering 

sustainability aspects

PLM & E2E 

Processes

A novel AI platform for circular 

manufacturing value chains

AI Platform
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AI4SAM cluster

AIDEAS develops AI technologies for supporting 
the entire life cycle of industrial equipment 
(design, manufacturing, use and 
repair/reuse/recycle) as a strategic instrument to 
improve the sustainability, agility and resilience 
of the European machinery manufacturing 
companies.

Design: AI technologies, integrated with CAD/CAM/CAE 
systems, for optimising the design of industrial equipment 
structural components, mechanisms and control components.

Manufacturing: AI technologies for industrial equipment 
purchased components selection and procurement, 
manufactured parts processes optimisation, operations 
sequencing, quality control and customisation.

Use: AI technologies with added value for the industrial 
equipment user, providing enhanced support for installation 
and initial calibration, production, quality assurance and 
predictive maintenance for working in optimal conditions.

Repair-Reuse-Recycle: AI technologies for extending the 
useful life of machines through prescriptive maintenance 
(Repair), facilitating a second life for machines.

s-X-AIPI aims to research, develop, test and 
experiment with an innovative toolset of custom 
trustworthy self-X AI technologies for the 
transformation of the European process industry.

The explored solutions will see the formulation of a novel 
architecture, data pipeline and realistic datasets derived from 
four real-world demo cases. These will combine with an 
autonomic manager based on the MAPE-K model 
(continuous Monitoring-Analyzing-Planning-Execution flow 
based on the Knowledge of the AI system under control) for the 
development of self-improving AI systems.

The end goal of these applications is to optimize human 
involvement in the creation and maintenance loop of AI 
applications for industrial usage, while exhibiting self-improving 
abilities.

Topic: HORIZON-CL4-2021-TWIN-TRANSITION-01-07
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WHY is Circular TwAIn unique?

A short introduction
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Deliver a unique AI platform to support manufacturing and process industry towards a 
sustainable, eco-friendly and circular production. The key factor is a full integration 
among systems, reached through the usage of AI and Digital Twins for each level 
(product/process/value chain) leading to the ‘Circularity by-design’.

Circular TwAIn in a nutshell

Data Space

AI Toolkit

OUTCOME1 :: Seamless Data Sharing

Data Spaces with product-specific information and sustainability 

and waste data, to improve the overall product/production 

(life)cycle.

OUTCOME2 :: Collaborative AI

AI will exploit the knowledge provided by Digital Twins and 

models built within the Data Space for: (i) product/part recognition 

through machine vision; (ii) disassembly operations; and (iii) 

production and shopfloor process optimization.

WEEE Pilot PETRO-CHEMICAL PilotBATTERY Pilot

Showcasing how 

the process 

industry benefits 

from DT and AI

Demonstrating the improvements 

in de-/re- manufacturing lead by 

DPP and AI
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Circular TwAIn Unique Value Proposition

Holistic, domain-agnostic approach to enhance the sustainability and the circularity of product 

and process industries, with tailored and easy to scale technological solutions, mainly based on 

open-source components.

• Adaptation of current AI/DT (as-a-Service) 

technologies to circular manufacturing models, 

adopting DPP Semantic and Data Models

• Design and development of interoperable 

circular twins for end-to-end sustainability, 

exploiting data coming from different sources

• Creation and management of the DT for realizing 

sustainable manufacturing processes along the 

edge-to-cloud digital continuum

• Create new circular Business Models through 

digitalization along the value chain



7

Our pathway toward the Circular Data Spaces

Data Integration and Storage (Data Managed as 
part of it)

• Edge, Cloud, On-Premise, etc.

Data Aggregation and Use (Data as strategic 
asset)

• Machine Learning, Data Analytics, Value Creation, …

Data Exchange (Data as new business asset)

• document-centric, data-centric, etc.

Data Spaces (Self-determined control of data use)

• cloud and data sovereignty for end-to-end data value chains in 
ecosystems

KEY CHALLENGES:

• Change from linear DVC to 

distributed data ecosystems

• Keep control over your data 

when crossing your organization 

boundaries

• Combine different data strategies 

(on private data, trusted data, 

open data, …)

• Support and demonstrate Data 

Spaces interoperability

• Implement most recent standards 

from IDSA and Gaia-X

• Build a business vision on top of 

the technological offering
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WHAT is a Circular Data Space?

The BATTERY Pilot Example
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De- and Re-manufacturing of Li-Ion battery 
packs in e- mobility 

Remanufacture and the re-use of the disassembled cells with 
proper residual characteristics into second-life stationary 
applications

The mission of this pilot is implemented in 
five use cases

1. Computer-vision driven collaborative robotics for the 
disassembly of LIB packs

2. Machine learning aided automated disassembly of LIB 
modules

3. AI tool for the characterization of the LIBs state-of-health 
combining historical and testing data

4. AI tool for optimised mechanical recycling of degraded 
LIBs

5. Market oriented holistic decision-support-system for the 
LIBs de- and re-manufacturing

The Circular TwAIn BATTERY Pilot
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Circular TwAIn – Adding Circularity to Data Spaces

ManufacturingDesign Operations Maintenance End of Life

Circular Manufacturing Data Space (based on DPP and RAMI AAS)

Circular Value Chain 

Stakeholders

AI enabled Digital 

Twins
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BATTERY Pilot: AS-IS Scenario

Actor:

Transport and Logistics- 

COBAT

Actor:

Dismantler – RAEEMAN

Actor:

Recycler

Actor:

Consumer

Actor:

Carmaker

Actor:

Battery producer

Product 

Assembly

Extracting raw 

materials

Component 

manufacturing
Distribution Product usage

End of Life / 

Landfill

CollectionDisassembly

Recycling

Traditional linear lifecycle

Traditional circular lifecycle

Product flow
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BATTERY Pilot: The Circularity by Design approach

Actor:

Transport and Logistics- 

COBAT

Actor:

Dismantler – RAEEMAN

Actor:

Recycler

Actor:

Consumer

Actor:

Carmaker

Actor:

Battery producer

Product 

Assembly

Extracting raw 

materials

Component 

manufacturing
Distribution Product usage

End of Life / 

Landfill

CollectionDisassembly

Recycling

Actor: Dismantler

RAEEMAN or others

ReuseRe-manufacturing

DPP generated by 
re-manufacturer 

by law

Results of de- re- 
can be shared (DS) 

with designer 
manufacturer

External actor

Internal actor

Traditional linear lifecycle

Traditional circular lifecycle

Product flow
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Value Network of Stakeholders

CAR MAKER

BATTERY 

ASSEMBLER

AFFILIATED 

WORKSHOPS

AFFILIATED CAR 

DISMANTLERS

AFFILIATED 

REMANUFACTURER

AFFILIATED 

RECYCLER

BATTERY CELL 

MANUFACTURER

CAR OWNER

EPR 

ORGANIZATION

Via carmaker member state division – 

management of EoL batteries

Via carmaker member 

state division – car sale 

(and usage)

Recovery of cores (batteries) suitable 

for reuse or remanufacturing

Remanufacturing 

of batteries

Production of cells for 

new batteries

Recycling of raw 

materials for cells 

manufacturing

Production of battery 

packs
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FAIR High Value Pools of Data

DATA PROVIDERS

DATA CONSUMERS

1

cells electric

specs

2

cells phys

composition

3

cells raw

mat quality

4

battery pack 

CAD

5

battery pack 

diagnosis

6

battery pack 

disassembly

7

battery pack 

electric spec

8

battery pack 

usage log

BATTERY CELL 

MANUFACTURER

BATTERY 

ASSEMBLER
CAR MAKER
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BATTERY 

ASSEMBLER

AFFILIATED 

WORKSHOPS

AFFILIATED CAR 

DISMANTLERS

AFFILIATED 

REMANUFACTURER

AFFILIATED 

RECYCLER

BATTERY CELL 

MANUFACTURER

CAR OWNER
EPR 

ORGANIZATION
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DATA PROVIDER

DATA CONSUMERS

Data Sources from BATTERY CELL MNF.RER

1

cells electric 
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2
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3
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DATA PROVIDER

DATA CONSUMERS

Data Sources from BATTERY ASSEMBLER

4

battery pack 

CAD

5

battery pack 
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battery pack 

disassembly
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electric spec
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ORGANIZATION



17

DATA PROVIDER

DATA CONSUMERS

Data Sources from CAR MAKER

8

battery pack 

usage log

CAR MAKER

CAR MAKER

BATTERY 

ASSEMBLER

AFFILIATED 

WORKSHOPS

AFFILIATED CAR 

DISMANTLERS

AFFILIATED 

REMANUFACTURER

AFFILIATED 
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EPR 

ORGANIZATION
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Our development journey

Develop a digital infrastructure 

aligned with connectivity 

standards, guaranteeing end-to-

end horizontal and vertical 

integration, boosting Data Sharing 

and exploitation under the 

EU legal framework.

Leveraging a Manufacturing Data Space

Data Data

Data

General

Implement and deploy a digital 

ecosystem following the IDS-RAM 

specs for gathering data along

manufacturing value chains and 

hosting all the services and apps 

for AI-enhanced digital tools.

Circular 

TwAIn

Human Operator

De/Remanufacturing ProcessProduct DT
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Battery Pilot Circular Data Space

Certification 

Authority
Identity 

Provider

Clearing 

House

Metadata 

Broker

Any Gray

Any RED

Usage

Policies

Data + Metadata

IDS Connector

Data Model

Certification

IDS Connector

AAS

Certification

Usage

Policies

EDC Connector

Industrial Data Platform

Regulator

Supplier
Other 

B2B 

Users
IDS Connector

IDS Connector

IDS Connector
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HOW to build a wider impact

A quick view on the market uptake
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Circular TwAIn: Main Results

Circular Economy metrics for AI
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The website section about the

Circular TwAIn Marketplace

is now up and running

Circular TwAIn Marketplace
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A NEW INITIATIVE:

To promote the most promising 
technical solutions to support 
industries towards the green 
transition, collecting digital 
assets and recognized 
expertise that have been 
proved to have an impact on 
achieving NetZero objectives.

Innovative solutions for NetZero industries

Reduce CO2 emissions and in general 
optimize the energy efficiency

Implement strategies to optimize the 
logistic, the process, the products

Support a conscious end-of-life 
facilitating the R-cycles
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Digitalization strategies to boost Circularity and Sustainability

Open Digital Innovation

AI for Sustainable and Circular Manufacturing

Digital Industry 

(Tech Providers)

Manufacturing 

Industry (End Users)

Lighthouse Factory

Network Catalogue

Relevant projects Marketplaces 

(Circular TwAIn, DaCapo, AIDEAS)
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Support Circular TwAIn and stay up to date!

https://www.circular-twain-project.eu/ 

Circular TwAIn Project

@CircularTwAIn

Publications

Press Releases

Newsletters

http://www.teamingai-project.eu/
https://www.circular-twain-project.eu/
https://www.linkedin.com/in/teaming-ai-project-2630aa204/
http://www.linkedin.com/in/circular-twain-project
https://twitter.com/CircularTwAIn
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Thank you!
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