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The aim of iModBatt is to design and manufacture, with the minimum environmental
Impact, a high energy density modular battery pack (BP), which is flexible enough to
be used in automotive and small stationary applications.

1 SOt increase BPenergy density around 20%
compared to the current Renault Zoe EV BP.

Cell selection
& battery pack
sizing

1 SO2 reduction of the BP integration cost > 20%
if compared to semi-manual assembly methods.

1 SO3 BP design is led by European industry.
imodBatt
1 SO4 BP design is ruled by eco design
recommendations & recyclability .

]
Battery Pack
Industrialization i
i

1 SO5 BPdesign should enable a second
life and/or reuse of BPs.
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SO increase BP energy density by around 20% compared to the current
Renault Zoe EV BP.

Manufacturer (distributors Model number RWTH
INR18650 MJ1 14 12 8 6
INR21700 M50 14 0O 8 6+12

1 Selection of Li-ion commercial high NCR18650B 14 12 8 6
- - INR1865035E 14 12 8 6

energy Qensny cells for the defined ———
application . BRI (NR2170050E 14 12 8 6
ERNAN 21700 50EL  14+12 0 8 6

21700 52EM 14 0 8+12 6

1 BP effective packaging to fit to the available volume in the car while keeping
modularity concept and energy density optimization:

V Renault: 13 modules in 7S28PA 2 strings 13 modules in 7S14P
V e.GO: 13 modules in 7S14P

ModuIeModuIeModuIeModuIeNumber Pack Pack| Pack
Weight| Width | Length| Height Weight

of cells Wh/kg| Wh/L
kgl | [mm] | [mm] | [mm] [ka]
eGo |[LGINR21700-M5|1| 24 7 14 | 24,90| 74,70| 6972 |4141.6| 245 98 743 | 3084 | 1537 | 7845 | 4372 |104,43239.134141.57
eGo |[LGINR21700 M5{1] 13 7 14 23,121 69,36| 64,74 |382,2[227,9 98 7,43 | 308,4| 153,7| 78,15| 1274 | 96,69(239,13411,52
RenaullLGINR21700 M5[3| 13 7 28 |46,24|138,79 129,48(382,2[227,5 196 | 14,87| 617,8| 153,7| 78,15| 2548 [193,39239,13417,47 4

Cells iff Cells ifEnergy Power] Power [MaxV|Min V|Cellsper

N[Modules o ries| paratie] fkwh [ch wiDeh wi [v] | [V | module
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SOLI increase BP energy density by around 20% compared to the current
Renault Zoe EV BP.

1 Designof a lightweight modular BP
structure : video.

1 Reduction of wiring due to the use of
aluminum or copper connection layers
on PCBs

1 Useof low volume thin materials and
thermal interface materials to improve
thermal conductivity.

1 Still evaluating the achieved energy
density increase.



https://www.youtube.com/watch?v=XC7eMFnqj7A&list=PLY9TMWVCXrm7URdDzBdJuZsUh1nTxuyft&index=5
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SO2 reduction of the BP integration cost if compared to semi -manual
methods.
Direction g= |

of rotation

J Automated BP module assembly. video. Modleconveyor | .

PCB
Conveyor

U,Z cell
check point
U i) Cell, spacer

=" arrangement

1 Cell flexibility per module decreases cell
availability derived costs.

Metallic spacer
_ N~y P dispenser
@ -
~__ Plastic spacer
dispenser

) BPmodularity impacts on production flexibility. o gy it
U,Z module check point

1 The increase in the time value of the BP due to

the expected life extension reduces the BP

production cost.

1 Still comparing the semi-manual vs. automated
module assembly.



https://youtu.be/PLGv-lnFC7w
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SO3 BP design is led by European industry .

1 TYVA Energie(SME, Francels the leader of WP3 and WP5, focused on the electrical
design and the module automated assembly accomplishment, respectively.

1 Freemens (SME, France)lead the BMS customization and power electronics definition.
1 MIBA(IND, Austria) is the leader of WP4, focused on the thermal design and more
specifically, MIBA design & manufacture the main thermal HW (cooling fins -pipes
device).

1 Rescoll (SME, France)is the leader of WP7, focused on the modularity and flexibility
validation for automotive application, second life and recycling.

1 Accurec (SME, Germany)lead the recyclability analysis of the proposed battery pack
modular concept.
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SO4 BP design is ruled by eco design recommendations & recyclability.

1 A preliminary Life Cycle Assessmentwas defined and now it is being updated # Recydling el -2
till the end of the project in March 2021 . emertand/or  ntel Pl Recycieg
component weight (g) rate (%) weight (g)
: . . b
1 ASWhas been created to obtain the recyclability degree of a BP depending Curo ne w1245
on the bill of materials. The user defines the recycling process from 4 possible o TR
routes and dismantling level ( until module level, cell level or do not dismantle). cu 1ssiz |g27n 1200427
The SW output summarizes the materials defined as BP input and their overall . e
recovery rate over the selected recycling process. c wis 02 |0
Si 3567.2 0% 0
el Recycling process selection — O X Al imodule/pack) 83.2 53.9% 82.399
Steel {module/pack) | 288 51.8% 264 556
Please select recycling process (only the best condition is considered in each step) Cu (modulerpack) | 172.4 - 152,952
Thermal Mechanical
dismantling treatment treatment Pyrometallurgy Hydrometallurgy
@ Yes @ Yes @ Yes ® es (metal)
(®) To module level O No O No O No Based on whole battery pack:
O To cell level [] Slag used for hydro? iiial Total weight: | 1744153
O No
Recycled Total weight: | 71353.801
iModBatt Hydrometallurgy
battery pack (mineral) Total recovery rate:  40.5%
Acc. to requlation 2012/493/EC- Material flow
Initial Total weight: 1742832
oK Recycled Total weight: 37':65.111 8
Total recovery rate:  56%
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SOS5 BP design should enable a second life and/or reuse of BPs.

1 A potential reuse and second life scenario have been described between the REN vehicle, EGO vehicle and
the TYVA power pack applications. The Consortium is now finishing this analysis to define how/when a BP
should be shifted from one scenario to the next one.

Lifeat REN B4 |ifeat EGO

EGQpurchasea refurbished BP to TYVA.

The EGO BPigtegrated byEGO in their vehicles.

The vehicles are sold to the customer by EGO.

The BMSeports assoon as théBPreaches thdimits defined byEGO.
If the EGO BP is not reused by EGO, it is sold to TYVA.

1 RENourchasea BP to TYVA.
The REN BPiigtegrated byREN in their vehicles. %

1
9 The vehicles are sold to the customer by REN.

I The BMSeports assoon as the BP reaches thmits defined byREN.
1

1

i

E

The customer can decide if he wants to replace the BP for ersts.
If yes, REN will install the refurbished BP (also supplied by TYVA).
If no, REN sell the BP to TYVA.

Refurbishmentafter life at EGO

1 The old REN BP is returned to TYVA and the costs are invbieaandition of 9 The old EGO BP is returned to TYVA and the costs are invbiemndition of the BP has tq
the BP has to bevaluated. be evaluated.

1 TYVAefurbishthe old REN BP with completely new modules buitd up a new 1 TYVAuildan EGO BP fronecovered oldRENmodules (cellshould be in the same
REN BP. condition).

1 TYV4Asellthe refurbished REN BP to RER¢ise of REN BP for REN BBdules 1 TYVAsellthe refurbished EGBP to EG(Reuse of REN modules and EGO BP for EGO BP
not within). 1 TYVAemovethe old modules and tests ther@epending on thianalysis modules can be

 TYVAemovethe old modules and tests therepending orhis analysis module/ adZA Gl o0fS F2NJ ¢, 1 Q& aidl A2y FNE | LILIX AOI GA2y
Oy 0SS adzAaidlofS FT2NJ 9Dh 2NJ ¢, ! Qa&a AT GTY\2hoild A EYVA dtatidhary@pplicatianyB® from the recovered modatdisshould be in

1 TYVAuildanEGO BP from the recovered modules (the cells should be in the the same condition). Ideally,.33TYVA stationary application BPs can be built from one HGO
same condition). Ideally, two EGO BPs can be built from one REN BP. BP.

1 TYVhsellthe EGO BP to EGReuse of REN modules for EGQ.BP 1 TYVAsellthe stationary application BP to the stationary applicatiepresentative $econd

1 TYVA sell the remaining cells / modules of the old REN BP, not suitable for E life of EGAQ RENmodules in¢ | + kt&idnary applicatior). 9

SN

NEO8Of Ay (G2 !/ / 2NJ F2NJ I y2iKSNI dza 1 ¢TY \#Adellhe redainingi celd /ntodides, moLsuitable @F MY ARCL Toredyding@Rejcling. o f S
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Next steps in iIModBatt till the end of the project in March 2021

1 BPswill be tested at lab level and integrated in the REN vehicle

1 The automated module assembly unit will be used to build a battery module as proof
of concept.

1 The LCA will be updated according to the final data .
1 The BP reuse and second life use scenarios will be finished.

1 Key figures of iModBatt will be evaluated and discussed.

10
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= What are the future research needs identified thanks to your
EU-funded project ?

V IModBatt included a side chapter on direct liquid cooling that could be interesting to foster.
V iIModBatt focused on the design and manufacturing of an automated module assembly

Unit, but work on the whole BP automated system would be necessary.

V Modularity and easy assembleability present some challenges for the BP integrity.

= How far are you from a market introduction  ?

V A more specific analysis on the selected structural materials would be necessary: optimize the
amount of parts, material selection and their shape (thickness): < 6 months.

V The module and pack design need to be reviewed in order to fulfill the high demanding
automotive business standards: < 1 year.

= What are the consortium plans to ensure a follow -up to the project activities ?

V IModBatt might be the starting point for new coming Horizon Europe proposalsin 2021.
V Two patent requests have been launched and could be the seed of new products.

= How much time has been gained thanks to the EU -financial support ?

V Specially new expertise has been gained due to iIModBatt. Partners faced new challenges that 11
can now open up new business possibilities in new fields.
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