arE-Service

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 776851




CarE-S

Second life strategies for Li-ion
batteries in the CarE-Service Project

Workshop: “Batteries: their remaining quality and
second life application”

CIRCUSOL
Dusseldorf, 11/03/2019

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 776851




Objective: Establish a new circular European value chains for the re-use,
remanufacturing and selective recycling of E&HEVs batteries.

CarE-Service Activities on E&HEVs batteries

() Battery re-use

Engineering of disassembly/reassembly
of batteries with semi-automated and flexible
processes based on the human-robot
cooperation (HRC) principle

Development of a Decision Support
System (DSS) able to individuate the
possible pathway of reusable batteries,
based on product condition and market
demand

Experimental assessment and development
of battery SoH analysis, according to
foreseen second use

. )
(&Y Battery recycling

Implementation of safe and efficient
recycling processes and technologies

(mechanical and chemical processes). ~}/
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New design methods and re-design
products to facilitate and optimize the
disassembly and reassembly;

Implementation of: Industry 4.0 technologies,
Structural Health Monitoring (SHM)
systems to detect battery status and usaae

conditions. §
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Analysis of legislation to highlight limitations
and barriers, suggesting new standards and
regulations

Standardization and legislation issues will be
analysed considering safety, transport,
storage and environmental implications
towards second-use applications and e
recycling m
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Battery Re-use Value-Chain
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MONO-CELL  CELL MODULE
BASIC CELL STACK OF MANY
CHEMISTRY (e.g., 20) CELLS IN
BASIC MONO-CELLS SERIES
VOLTAGE CONNECTED
LEVEL IN PARALLEL
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BATTERY PACK BATTERY SYSTEM
SEVERAL MODULES OR SEVERAL BATTERY
MANY CELLS PACKS IN PARALLEL
VOLTAGE: 400 V ENERGY: >15 KWH

Activities to be performed

Foreseen outcomes

Pack/module/cell
disassembly

Module/cell testing

Module/cell remanufacturing

Implementation of Standard Operating Sheet (SOS)

Human Robot Cooperation (HRC) technologies able to face different batteries
conditions (ageing, damages, etc.), different vehicles models, different levels of
residual charge, different chemistries.

Estimation of battery State of Health (SoH) in terms of residual capacity and
efficiency

Implementation of a Decision Support System (DSS) to efficiently address the
module/cell optimal strategy: direct-reuse, remanufacturing and recycling
Definition of the optimal re-assembly strategy according to proper cells
balance, to required voltage/capacity of secondary application, etc.

Definition of reassembly sequence of tasks to be performed on module/cell
Analysis of system flexibility and Human Robot Cooperation (HRC) solutions for
reassembly




(@\ Battery Re-use for Stationary and Mobile
) Energy Storage Applications

Demonstration to be performed with SG
partner working on solar panels installation

“IASOL” will provide the scenario of stationary
/ application reusing batteries in solar panels
- @ systems.

Demonstration to be performed with SG
partner working on e-bikes

“eBIKE75” will demonstrate the re-use of cells
in e-bikes starting up a new business line of
“low-demand” batteries for customers (e.g.
weekend riders), and for companies (e.g.
freight, distribution bikes) (B2B).




é@?@ Battery Recycling Value-Chain

Re-use requirements: A

» defected products

e damaged products

* low remaining energy and power
capacity

e etc.

Q

Battery’s SoH | [>

Combination of mechanical (e.g. shredding and mechanical separation) and

chemical (e.g. hydrometallurgical) for the recovery of Li, Co, Ni, Mn, Fe, C and
other metals.

Demonstration to be performed with SG
partner working on e-bikes

S “FERRO Spain” will demonstrate the use

[ of recovered compounds (Li, Co, Mn, etc.)
from battery recycling process as

Li, Co, Ni, Mn, Fe, C and other metals pigments for the production of coatings




STIIMA-CNR “De- and Remanufacturing” Pilot Plant

An integrated Pilot Plant for the de- and remanufacturing of mechatronic components (automotive,
large machinery, electronics, white goods), is being designed and installed at STIIMA-CNR (January
2013). The pilot project was funded by Regione Lombardia with a grant of 1.5 M&£.

Cell 2: Reworking

Cell 3: Recyclin
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STIIMA-CNR Demanufacturing Pilot Plant

Cell 1: Disassembly Cell 2: Reworking Cell 3: Recycling
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Key Issue: Man-machine cooperation. Key Issue: Test & reworking. Key Issue: Reconfigurable mechanical
Equipment: Equipment: Process.
* Collaborative robots: * Testing machine (SPEA) Equipment:
* Universal Robot UR10 robot with * Reworking machine (Zevac) * Shredders: Single Shaft Shredder
Robotiq gripper; * Modular trasport system M600/1-400 (Erdwich); Fine Shredder
¢ Kuka IIWA14 robots * Virtual reality software SM300 (Retsch)
* 2 robots (Comau) * Vibrating Sieves (Retsch)
* Computing systems: Workstation with * Separators: Corona Electrostatic
Tesla M10 GPU board Separator (Hamos); Eddy Current
* Smart and safe warehouses for HRC Separator (Eriez).
task * HyperSpectral camera: VIS, VNIR,
* Universal Pallet - ITIA Design MWIR (Specim)
* UGrip — Universal Gripper — ITIA Design * Knowledge-based vision system
* 2D Smart Camera Laser emitter for 3D (Teledyne Dalsa)
vision * Particle Analyzer (Haver & Boecker)

* Pneumatic transport system
¢ Simulation software
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@ Battery Re-use: Disassembly (1/2)

. . . Disassembly time
E-bike disassembly: procedure 50 min — 1 h 28 min C\?
Task Description Tools
The removal of the external plastic/metallic case usually consists in

Case removal the removal of screws. In few cases also adhesives and snaps are Screwdrivers, pliers
present.
All the connections to BMS were removed: cables coming from the

Cables disconnection controlling system to each single module, both electrical or Wire cutters
thermal sensors, were cut and the BMS isolated.

Residual voltage The voltage was measured again, to verify that BMS allow the I

measurements correct measurement. IS
Each module was separated cutting the connections (wires or

Modules separation metallic strips) and removing insulating materials (plastics case or Wire cutters, pliers

paper envelope).
Each cell of the module was isolated removing the connections

Cells separation . L
(wires or metallic strips).

Wire cutters, pliers

E-bike pack (cilindric cells) E-bike pack (pouch cells) E-bike pack (cilindric cells)




@ Battery Re-use: Disassembly (2/2)

E-bike disassembly: challenges and collected information

Task Challenge Presence of defects
Case removal * Joining variability (screws of different types, glues, snaps, etc.), During the manual
amount and position ( = joints and pack dimension standardization). disassembly, the operator
Cables Difficulties in easy identification and access to the BMS connections perform a first accurate visual
disconnection (both electrical or temperature sensor). inspection on the cells
» Different modules/cells connections (modules: wires, metallic strips, (potential damages:
.; cell: resistance welding, laser welding, mechanical n i i

Modules/cells etclcellresistaneewe d i) e e ding, mec anical, etc? and electrolyte leaching, swelling,

i difficult connection accessibility (- time consuming operation). cell case rupture, etc.) and on
el il * Different insulating and protective systems of the module: plastic the connections (if corroded)

frame, glue, paper envelope, etc.

Cylindrical Prismatic (container) Prismatic (pouch)
*Flat tabs & bolted tabs * Much more rigid than *Very flexible
*Resistance, laser welding pouch type *Resistance, laser, ultrasonic

or mechanical joining * Mostly mechanical joining welding or mechanical
Bolt joining (sometimes welding) joining ,
Bolt joining ' Machanical :
m s . : Corrodeg/
N : O connection
Projection (e a==]

Weldlng

Swelling
phenomena
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@ Battery Re-use: Decision Support System (DSS)

A Decision Support System

(DSS) is an information ) ) )
system that supports e Optimal disassembly Planning procedures

organizational decision- * Optimal reassembly strategies
making activities, improving
operational efficiency and

performance.
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é@B Battery Recycling: Mechanical Pre-treatment

SAFETY
TREATMENT

LITHIUM-ION CELLS SHREDD

* Increase materials selectivity 1
ING SEPARATION PROCESS

Portable batteries treatment / 7
- |
PATENT PENDING

BLACK MASS SEGREGATION TO:
¢ Reduce treated volumes

Mechanical pre-treatment optimization

* Dimensional distribution (optimization modeled using
Population Balance Model - PBM)
* Operational cost optimization

Operational cost

L L
Rotational speed

Operating parameters (rotation speed, grid, input
material, etc.) were deeply analyzed and optimized for
the subsequent hydrometallurgical process.

Output materials

Selective material segregation: external
casing, plastics, current collector foils (Cu
and Al), graphite and active black mass
were separated.

SN RIS )




Challenges and Requirements

Technical challenges

* High variability of input product design (component
accessibility)

e High variability in the conditions of post-use batteries

* Lack of standard certification/warranty procedures:
e SOH and residual life-time.
* Identification of optimal strategy for re-use.

* Performance of regenerated modules.

» Safety and ergonomy requirements for the operators
during de- and remanufacturing processes.

Requirements

Flexible and adaptable
technologies

Availability of information from
producers and in the use phase

Standard testing procedures

Decision Support System for
performance-driven re-
assembly

Human-centric and safe-by-
design systems

Automation, traceability and
repeatibility

Need to develop a new generation of Safe and Smart De-and

Remanufacturing systems
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