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Circular Economy oriented services for re-use and remanufacturing
of hybrid and electric vehicles components through smart and movable modules
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Please mute your microphone and open it only to ask questions in 

the dedicated discussion slots at the end of each presentaion and in 

the closing session

Use the chat to ask questions and submit comments during the 

entire workshop

Raise your virtual hand if you want to ask a question in the 

dedicated discussion slots

Presentations will be available for dowload in the CarE-Service 

project website (www.careserviceproject.eu)

Connection recommendations

http://www.careserviceproject.eu/


CarE-Service Dissemination Events

July 2021
October 2021

13th May (Training)

“Polyamides today:

from polymerization to recycling”

25th May (Training)

“Reforming technologies for re-manufacturing 

of sheet metal parts, metals disassembly and 

testing in automotive”

May 2021

June 2021

4th June (Demonstration)

"Innovative community platform for the reuse, 

remanufacturing and recycling of metals, 

techno-polymers and batteries in automotive”

29th June (Demonstration)

“Automotive Polyamide Circularity?

Yes, it’s feasible”

5th July (Training)

"Mobile Solutions and Flexible lines for vehicles 

battery dismantling”

21st July (Demonstration)
“New solutions for disassembly, remanufacturing 

and testing automotive metal parts”

September 2021

20th September (Training)

“Battery Circular Economy approaches for 

redesign, reuse and regulation”:

¶ Battery re-design: a sustainable 

solution for the transition to Circular 

Economy

¶ Second life battery applications: 

challenges, solutions and case studies

¶ New Battery Regulation: implications 

for the European battery value-chain”

18th October (Demonstration)
“Circular Economy holistic approach for 

used batteries of electric and hybrid-electric 
vehicles”

19th October (Demonstration)
“Circular economy-based mobility services”

October 2021

November 2021

25th November 
(Final Exploitation Event)

The CarE-Service project will celebrate the 
final event with a holistic discussion of 

demonstrated results:

“Circular economy in the future automotive 
market: new products and services generated 

by the CarE- Service project"
(hosted by Fiat Chrysler Automobiles)
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Training Event

Mobile solution and Flexible lines for 

vehicle battery dismantling

5th July 2021



Training Event ïAgenda

- Project introduction

- Partner Presentation

- Batteries Dismantling, why and how?

- State of The Art

- Challenges

- Technology Applied to dismantling 

- Solutions for battery pack dismantling

- Case study: Fiat 500e battery pack

- Solutions for battery module dismantling

- Case study: Fiat 500e battery module

- Conclusions



Project figures

No Name Country 

1 CONSIGLIO NAZIONALE DELLE RICERCHE* - Coordinator Italy 

2 LINKOPINGS UNIVERSITET Sweden 

3 ENVIROBAT ESPANA SL Spain 

4 PRODIGENTIA - TECNOLOGIAS DE INFORMACAO SA Portugal 

5 AGENCIA ESTATAL CONSEJO SUPERIOR DEINVESTIGACIONES CIENTIFICAS Spain 

6 CIRCULAR ECONOMY SOLUTIONS GMBH Germany 

7 COBAT SERVIZI Italy 

8 FIAT CHRYSLER AUTOMOBILES ITALY SPA Italy 

9 RADICI NOVACIPS SPA Italy 

10 IMA MATERIALFORSCHUNG UND ANWENDUNGSTECHNIK GMBH Germany 

11 FRAUNHOFER GESELLSCHAFT ZUR FOERDERUNG DER ANGEWANDTEN FORSCHUNG E.V Germany 

12 AVICENNE DEVELOPPEMENT France 

13 CIA AUTOMATION AND ROBOTICS SRL Italy 

14 E-VAI SRL Italy 

15 JRC -JOINT RESEARCH CENTREEUROPEAN COMMISSION Belgium 

 



CarE-Service Concept



Smart Mobile Modules

Mobile units bringing advanced technology for on-site 

disassembly and testing/certification where is the demand

Disassembly Module

ÅDSS suggesting which 

components to disassemble 

based on car sensors data, 

manufacturer product data and 

market

ÅDisassembly guidelines

ÅRobotics cooperative 

disassembly

ÅMechatronics tools

Testing Module

Functional, geometric, mechanical 
and electric testing methods and 
technologies for:

ÅCertification of re-usable parts

ÅTesting of components and parts 

for remanufacturing

Åestimation of the type and 

content of high value-added 

materials for recycling



CarE-Service ICT Platform

ICT Platform connecting demand and supply

of re-usable parts and allowing the coordination

and optimization of the re-use value chain



Partners presentation

Cia Automation And Robotics s.r.l. is an Italian

system integrator that provide customized

robotic solution to the customers.  

Robotics is appliable in a wider range of fields and the goal of CIA is to find

easy solutions to complex problems with the application of advanced

technologies.

The strength of CIA is the production of full integrated systems that combine 

mechanical desing, electronical develop and custom software realization.

The challenge inside CarE-Service project is to automatize processes that

nowadays are performed manually.



Partners presentation

ENVIROBAT ESPAÑA, S.L. is an SME company 

specialized in the recycling of all type of batteries 

declassified by the manufacturers.

V Strengths:

- Through knowledge of environmental standards and legislations.

- Different types of battery recycling, logistical support and advice on 

environmental issues.

V Challenges within CarE-Service Project:

- Battery dismantling, testing and classification.

- Demonstration of batteries remanufacturing and 2nd life applications.

- Demonstration of batteries recycling and recovered compounds.



CHALLENGE: 

EoL 
PROCESSES 
FOR EV/HEV

ECONOMIC 
ASSESMENT

QUICK 
INCREASE 

OF EV/HEV 
VEHICLES

EV batteries dismantling: WHY & HOW?

ESTIMATED:

30 million electric cars 
by 2030 in the EU

ACHIEVING CIRCULAR ECONOMY FOR EV/HEV VEHICLES

BATTERY PACK: 

most valuable component 
in EV/HEV vehicles 

KEY POINTS:

- Safety

- Technologies

- Equipment
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Electronics

Battery cells

Battery modules

Metals and plastics

Valuable parts of EV/HEV batteries



Why disassembly EV batteries (PACK to MODULE)?

Main reasons for diassembly
Å Safety (High voltage)

Å Second life

Å Recycling

Å Logistics

1st LIFE

Remanufacturing Recycling

2nd LIFE
Disassembly

process

Requirements
ÅProduct analysis

ÅDisassembly planning



Pack to Module example of manual disassembly (I)



Pack to Module example of manual disassembly (II)



Why disassembly EV batteries (MODULE to CELL)?

Main reasons for diassembly
Å Safety (Lithium-ion)

Å Second life

Å Recycling

1st LIFE

Remanufacturing Recycling

2nd LIFE
Disassembly

process

Requirements
ÅProduct analysis

ÅDisassembly planning



Pack to Module example of manual disassembly



CYLINDRICAL POUCH PRISMATIC

EV & HEV Batteriy cells

Battery cell geometries

Battery cell chemistries

TYPE CATHODE ANODE

LFP Lithium Iron Phosphate(LiFePO4) Graphite

LMO Lithium ManganeseOxide (LiMn2O4) Graphite

NMC Lithium Nickel Manganese Cobalt Oxide (LiNiMnCoO2) Graphite

NCA Lithium Nickel Cobalt Aluminium Oxide (LiNiCoAlO2) Graphite

LTO LMO or NMC Li4Ti5O12 (Lithium Titanate) 

Battery University, 2017, BYD, 2018.



Manual disassembly processes



Challenges in disassembly processes of 
EV / HEV batteries

DIFFICULTIES HOW TO OVERCOME THEM

- Huge variability of batteries

- Safety electrical problems

- Complex design battery packs

- Irreversible joint components (glued, 
sealed, welded..)

- Follow safety protocols

- Definition of Standard Operational Sheets where 
all the disassembly processes are well defined for 
every possible case/step

- Learning & training

- Use of special tools

- Automated aided dismantling Ą COBOTS

MANUAL SEMI-AUTOMATED



Manual disassembly processes

ÅSafety issues Ą Requires highly-skilled operators

Critical Step

ÅStill low volume of EoL EV/HEV

Why manual?

ÅFundamental to have an automated approach able to 

face capacity issues and overcome battery variety.

In the futureé



Technologies applied to dismantling

Safety

Safety is the first point. During the manual

dismantling operator is performing High-risk

Operations.



Technologies applied to dismantling

Vision systems

Operator should be able to recognize the different functions and operate precise 

disassembly choices in order to maintain components integrity and avoid 

correlated safety issues.

Vision systems can help the operator scanning and screening all the components 

of a pack and suggesting the best procedure for dismantling.



Technologies applied to dismantling

Intelligent and Smart Tools

Smart tools allows optimization of process and time reduction for dismantling

operations. 

Adaptive tools can be applied to more than one battery pack. 



Technologies applied to dismantling

Robots

Robot is today applied to a wide range of applications. 

Thanks to the customization that we can apply to a robot, we can use them also

for dismantling.

This ensure high precision, high accuracy and safety.



Technologies applied to dismantling

Off-line programming

Off-line programming allow develop of new programs reducing the downtime

of the lines and machinery.



Solution for battery pack dismantling

Battery dismantling is a complex process but automation can help. 

The solution designed during this project can overcome technical problems

but can also be sustainable in this transition period.

Smart Movable Module

(SMM)



Solution for battery pack dismantling

What is an SMM?

Is a special container fully equipped with all the technologies required 

for dismantle a battery pack.

With the SMM is guaranteed the presence of a skilled operator.

Scope of the SMM is bring the missing technologies to all the 

dismantler that require the service.



Smart Movable Module

What is inside an SMM?

The key elements are:

- 6 axis robot 

- Turing Table 

- 6 different tools

- 3D vision system

- Safety equipment (3D safety scanners, lasers, safety switch)

- Linear axis for battery pack loading

- Side opening to increase volume of work.

- Automatic Toolchange



Training Event ïSMM Realization



Case Study: 500e Battery Pack

Process required are:

- Cutting external covers

- Removing covers

- Unscrewing bolts and connectors

- Cutting cables

- Sealing removal

- Module extraction



Case Study: 500e Battery Pack



Case Study: 500e Battery Pack



Case Study: 500e Battery Pack



Case Study: 500e Battery Pack



Case Study: 500e Battery Pack



Case Study: 500e Battery Pack (II)



Case Study: 500e Battery Pack



Case Study: 500e Battery Pack



Case Study: 500e Battery Pack (II)



Case Study: 500e Battery Pack



Case Study: 500e Battery Pack



Case Study: 500e Battery Pack



Solution For Battery Module Dismantling

The next step is about the dismantling of a battery module to get cells and 

reuse the single cells for other applications or for rebuild a new battery

module.

Also this task nowadays is strongly manual and the automation applied

to these task is on minum levels. This for two factors: very difficult tasks

performed and huge variabilty of the modules.



Solution For Battery Module Dismantling

In this context the operator still have a crucial role and this is why

the collaborative robotics can be the solution to the unsolved

problem.

Since collaborative robots allow the workspace sharing with an 

human operator.



Solution For Battery Module Dismantling

The design of the workspace was made thinking on both the actors, robot 

and human. 

For the human perspective the workspace need to be safe, hergonomic and 

well organized with the tools required.

Also in this case the usage of the robot combined with other tools such as

vision systems, screwers, handling tools can reduce the risks for the 

operator and reduce also the percentage of damaged parts during the 

disassembly.



Solution For Battery Module Dismantling

Safety design for a Collaborative application.



Solution For Battery Module Dismantling

Application of norms means:

- Round Shaped Design

- Collaborative tools

- Robust software and redundant controls



Solution For Battery Module Dismantling



Case Study: 500e battery module

For the 500e the processes are the 

following:

- Integrity check and Vision system

detection

- Unscrewing

- Cutting

- Removing cover

- Detaching cells and handling



Case Study: 500e battery module 

The systemcan storea hugenumberof ‘’receipes’’ that describe
the job sequencefor the particularmodel of the battery module.

The operator can selectthe actualmodel under processand start 
the robot operations. If the moduleisequippedwith some QR-
codesthis detectioncan be performedby the robot. 

Robot startsisown operationand signalthe end of each
phaseor alarmsin case of somethinggoeswrong.

An alert messageissentto the HMI of the operator 
everytime that the robot requirehelp.

The extimatedoperative time for the operator on each
battery moduleisaround15% of disassemblytime.



Case Study: 500e battery module



Case Study: 500e battery module (III)

Thanks to the automatic toolchange the robot can switch tools

autonomously and can perform more then one process without the 

intervene of the operator.



Case Study: 500e battery module (III)

Using Safe Scanners and other

safe devices robot can detect the 

presence of operator and in case of 

non-collaborative operations can 

interrupt motions when people

are in a danger area.



Case Study: 500e battery module (V)



Conclusions

After the first years of the project, with the collection of all the data and 

expiriences, demonstration phase is starting.

The design of the solutions is finalized and we are building the demonstrators

described above.

In next events we will demonstrate the functionalities of the SMM and of the 

Collaborative Station.

Stay tuned and donôtmiss the next events!



Thanks for your attention!
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