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Results Conclusion
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Second Life Batteries in a Mobile Charging Station - Challenges

2 majors challenges for electric mobility

1-The charging station network 2-The EV environmental impact
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Results Conclusion
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Second Life Batteries in a Mobile Charging Station - Challenges

Challenge : Strengthening the charging station network

“The appropriate average number of
recharging points should be equivalent to at
least one recharging point per 10 cars”
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https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32014L0094

Results Conclusion

Second Life Batteries in a Mobile Charging Station - Challenges

Charging points (2020) to vehicles (2018) ratio at NUTS-3 level
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https://www.sciencedirect.com/science/article/pii/S1361920921001164

Results Conclusion

00e00 00000 000 (o]}

Second Life Batteries in a Mobile Charging Station - Challenges

Challenge : Minimizing the electric vehicle environmental impact
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Second Life Batteries in a Mobile Charging Station - Challenges

Challenge : Minimizing the electric vehicle environmental impact
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https://www.nature.com/articles/nchem.2085
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Second Life Batteries in a Mobile Charging Station - Challenges

Challenge : Minimizing the electric vehicle environmental impact

o Use ressources
efficiently

} Supply chain .
o ensure ethical sourcin:
Make them without geopolitical risks

energy dense |
Some ways to
build better,
more sustainable
BATTERIES

Use clean energy
for manufacturing
and recharging = °

Use low toxicity
materials

Make them easy to
Enable excellent ° recycle and reuse

roundtrip efficiency {

Source: Furopean Commission. Ways o build better batteries R T AN AN
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https://ec.europa.eu/environment/integration/research/newsalert/pdf/ways_to_build_better_batteries.pdf
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Second Life Batteries in a Mobile Charging Station - A solution

A solution : The Mob-Energy’s mobile charging station

Sources : Mob-Energy, Sophie Jeannin - University Gustave Eiffel
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https://www.mob-energy.com/
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Second Life Batteries in a Mobile Charging Station - A solution

A solution : The Mob-Energy’s mobile charging station powered by second life batteries

Sources : Mob-Energy, Sophie Jeannin - University Gustave Eiffel
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https://www.mob-energy.com/
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Model Based Performance Assessment - Research questions

Research questions investigated

1. How performant are second life batteries ?
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Model Based Performance Assessment - Research questions

Research questions investigated
1. How performant are second life batteries ?

2. How to model the electric behavior of a second life battery ?
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Model Based Performance Assessment - Experimental setup

Module
+ Module extracted from a BMW i3
- Bought on the second life battery market

+ 12 cells per module
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Model Based Performance Assessment - Experimental setup

Module Cell
+ Module extracted from a BMW i3 + Second life cell
- Bought on the second life battery market + Chemistry : Lithium-ion NMC-Ni rich/C

12 cells per module - Nominal capacity : 94Ah
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Model Based Performance Assessment - Equivalent circuit models

RC model
R1 R2
Ro
Models informations
UOCTC ) . o Uga + Equivalent circuit models
+ Forward models :
= Input : Current
CPE model = Output : Voltage or Power
R1
Ro CPE
S

UmK Ucell
C1
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Model Based Performance Assessment - Characterization test
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Test step Test name Model parameters identified
1 Capacity test Capacity
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Model Based Performance Assessment - Characterization test
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Test step Test name Model parameters identified
1 Capacity test Capacity
2 Pulses test Resistance RO & impedance R1/C1+R2/C2 or R1/C1+CPE
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Model Based Performance Assessment - Characterization test
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0 10 20 30 4 50 60 70 80
Time (h)

Test step Test name Model parameters identified
1 Capacity test Capacity
2 Pulses test Resistance RO & impedance R1/C1+R2/C2 or R1/C1+CPE
3 Low current test (Pseudo) Open Circuit Voltage
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Model Based Performance Assessment - Characterization test
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0 10 20 30 40 50 60 70 80

Time (h)

Test step Test name Model parameters identified
1 Capacity test Capacity
2 Pulses test Resistance RO & impedance R1/C1+R2/C2 or R1/C1+CPE
3 Low current test (Pseudo) Open Circuit Voltage
4 Validation profile -
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Results Conclusion
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Model Based Performance Assessment - Validation profile
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Model Based Performance Assessment - Data processing
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DATTES

Data Analysis Tools for Tests on Energy Storage

DATTES is written in MATLAB and all functions are GNU Octave compatible
DATTES makes It possible to:

« Parse results file from a wide range of battery cyclers

« Extract main fa cell from a test

« Analyze pseudo-open circuit voltage and incremental capacity analysis tests

« Visualize your experimental and data analysis results
« Use your experimental results for model identification

DATTES
+ Free and open source software for data test processing
+ MATLAB/GNU Octave software
+ Developed by Eduardo Redondo-Iglesias and Marwan Hassini

s . hitps://dattes gitlab jo/
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https://dattes.gitlab.io/
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Model Based Performance Assessment - Experimental results

11/21
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Discharge capacity measurement (1C-CC) and state of health at 0, 25 and 40°C

Temperature | Datasheet capacity | Measured capacity | State of health
0°C No data
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Model Based Performance Assessment - Experimental results

11/21
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Discharge capacity measurement (1C-CC) and state of health at 0, 25 and 40°C

Temperature

Datasheet capacity

Measured capacity

State of health

0°C

No data

86 Ah
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Model Based Performance Assessment - Experimental results

11/21
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Discharge capacity measurement (1C-CC) and state of health at 0, 25 and 40°C

Temperature | Datasheet capacity | Measured capacity | State of health
0°C No data 86 Ah -
25°C 95.2 Ah
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Model Based Performance Assessment - Experimental results

11/21

(o]}

Discharge capacity measurement (1C-CC) and state of health at 0, 25 and 40°C

Temperature | Datasheet capacity | Measured capacity | State of health
0°C No data 86 Ah -
25°C 95.2 Ah 92.1 Ah 96.7%

Université

A . )
EVS35, 13/06/2022 — Marwan HASSINI Exusﬂ?;l ),'\( Gustave Eiffel / iversiéGautesermard (pon? @

La Région

Auvergne-Rhone-Alpes



00000

00000

€00

Model Based Performance Assessment - Experimental results

11/21

(o]}

Discharge capacity measurement (1C-CC) and state of health at 0, 25 and 40°C

Temperature | Datasheet capacity | Measured capacity | State of health
0°C No data 86 Ah -
25°C 95.2 Ah 92.1 Ah 96.7%
40°C 95.7 Ah
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Model Based Performance Assessment - Experimental results

11/21

Discharge capacity measurement (1C-CC) and state of health at 0, 25 and 40°C

Temperature | Datasheet capacity | Measured capacity | State of health
0°C No data 86 Ah -
25°C 95.2 Ah 92.1 Ah 96.7%
40°C 95.7 Ah 93.1 Ah 97.3%
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Model Based Performance Assessment - Experimental results

(o]}

Discharge capacity measurement (1C-CC) and state of health at 0, 25 and 40°C

Temperature | Datasheet capacity | Measured capacity | State of health
0°C No data 86 Ah -
25°C 95.2 Ah 92.1 Ah 96.7%
40°C 95.7 Ah 93.1 Ah 97.3%

Sizing of a mobile charging station battery with data at 25°C

+ Nominal energy for fresh cell : Unominai - Q25°c = 3.68 - 95.2 = 350Wh
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Model Based Performance Assessment - Experimental results

(o]}

Discharge capacity measurement (1C-CC) and state of health at 0, 25 and 40°C

Temperature | Datasheet capacity | Measured capacity | State of health
0°C No data 86 Ah -
25°C 95.2 Ah 92.1 Ah 96.7%
40°C 95.7 Ah 93.1 Ah 97.3%

Sizing of a mobile charging station battery with data at 25°C

+ Nominal energy for fresh cell : Unominai - Q25°c = 3.68 - 95.2 = 350Wh
+ Nominal energy for second life cell : Unominar - Q25°c = 3.68 - 92.1 = 339Wh
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Model Based Performance Assessment - Experimental results

Discharge capacity measurement (1C-CC) and state of health at 0, 25 and 40°C

Temperature | Datasheet capacity | Measured capacity | State of health
0°C No data 86 Ah -
25°C 95.2 Ah 92.1 Ah 96.7%
40°C 95.7 Ah 93.1 Ah 97.3%

Sizing of a mobile charging station battery with data at 25°C

+ Nominal energy for fresh cell : Unominai - Q25°c = 3.68 - 95.2 = 350Wh
+ Nominal energy for second life cell : Unominar - Q25°c = 3.68 - 92.1 = 339Wh
+ For a 25kWh charger, 72 fresh cells or 74 second life cells are needed

s~ Uni ité . ) Agi
11/21 EVS35. 13/06/2022 — Marwan HASSINI 00835 )2 Glotave Eme./ s (G @) L8 REGION



Confext Methodology Results Conclusion
00000 00000 080 00

Model Based Performance Assessment - Simulation result

Simulation profile
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Model Based Performance Assessment - Simulation result

Powe}; Osimulation result with the CPE model and RC model
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Model Based Performance Assessment - Simulation result

Zoom in on power simulation result with the CPE model (-) and RC model(..)
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Model Based Performance Assessment - Simulation result
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Voltage simulation result with the CPE model(—) and RC model(..)
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Model Based Performance Assessment - Model accuracy analysis

Distribution function of error probabilities for CPE model and RC model simulations
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Model Based Performance Assessment - Conclusion

Work contributions

+ A new second life application have been presented : the mobile charging station
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Model Based Performance Assessment - Conclusion

Work contributions
+ A new second life application have been presented : the mobile charging station

+ Two models capable of emulating accurately the electric behavior of second life cells have been presented
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Model Based Performance Assessment - Conclusion

Work contributions
+ A new second life application have been presented : the mobile charging station
+ Two models capable of emulating accurately the electric behavior of second life cells have been presented

+ The performance of second life batteries can be assessed
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Reproductible research

Experimental data and datapaper Software DATTES
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Link to the datapaper & experimental data Link to the software DATTES
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https://doi.org/10.25578/DQBXO5
https://dattes.gitlab.io/
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Marwan Hassini 23, Eduardo Redondo-Iglesias!»3, Pascal Venet®?,
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mhassini.gitlab.io
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Questions-Parameters identification

First, the capacity is calculated according to the equation 1. The mean value of the three measurement in
step 1 is considered.

1 2N
Qt) = 3600 /,, i(t)dt (1)

Q(t) is the capacity (Ah), ¢ is the time of a cycle charge/discharge (s) and i is the current in the cell (A).

Second, the state of charge is computed according to the equation 2.

1 &
SoC = 100 # [SoCio + gggo—m— /m i(t)dt] 2)
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Questions-Parameters identification
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Question-Test description
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Voltage[V]
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2.86 2.88 29 2.92 294 2.96 298 3 3.02
Time[s] x10°
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Question-Test description

Capacity test
Table 6. Capacity measure test procedure
Step Test type Key parameters Description
1 Discharge in CC mode I..=1C=94A Voltage is set to U,
2 Discharge in CV mode Ushres = Umin = 2,7V, I, =C/20=4.7TA  Voltage is set to Upin
3 Rest tress = Smn  Rest for five minutes
+ Charge in CC mode I.=1C=94A Full charge at 1C
3 Charge in CV mode  Uppres = Upnax = 4,15V, 1., = C/20=4.7A  Voltage is set t0 Upax
6 Rest trest = Lh Rest for one hour
7  Discharge in CC mode I.. =1C=94A  Full discharge at I1C
8 Discharge in CV mode Uthres = Upmin = 2,7V, I, =C/20=4.7A  Voltage is set to Upnin
9 Rest treq =1k Rest for one hour
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Question-Test description

Voltage[V]
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Time[s] ' x0¢
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Question-Test description
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Current rate 1,3C
A 1C 1C
Charge 0.8C
0,5C
ohac H
Discharge

18/21

Pulse: 1mn
Rest between pulses: 5mn

Pulse: 10s ©
Rest between pulses: 50s
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Question-Test description

Voltage[V]
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Question-Test description

Table 8. Low current measure

Step Test type Key parameters Description

1 Rest trest = Smn Rest for five minutes
CC:long =1C=94A

2 Chargein CC-CVmode CV : Uyyres = Upar =4, 15V, 1 g = C/20=4.7A Voltage is set 10 U,

3 Rest s =1h Rest for one hour

4  Discharge in CC mode I..=C/20=4.7A Full low current discharge
5 Rest tez=1h Rest for one hour

6 Charge in CC mode I.=C/20=4.7A Full low current charge
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Question-Test analysis with DATTES
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Second life

Second life databank analysis with DATTES

Outline

 Information about the dataset
« Information about the test
 Data analysis with DATTES

Information about the dataset

‘The “Second life battery databank” provides the data test results made by Marwan
Hassini from Licit-Eco7 laboratory, University Gustave Eiffel during his thesis about
second life batteries extracted from real electric vehicles.

This dataset have been used in two publications :

« Second Life Batteries in a Mobile Charging Station : Model Based Performance
Assessment

« Second Life Batteries in a Mobile Charging Station : Experimental Performance
Assessment

Dataset, test description and data reuse conditions can be found at Univ Gustave Eiffel
dataverse
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Question-Test analysis with DATTES

20/21

7. Plot phases (‘Gp’ = Graphics + phases):

[result, configuration, phases]=dattes(XML_list, 'Gp')

20220126 0933 BUGE329 B2 T25 caraccomplete

0 05 1 15 2 25 3
time. 10

In this plot each phase is numbered and plotted with a different color. DATTES analyzes
the test and cut it into phases depending of the cycler working mode (CC, CV, rest, etc.).
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Question-Test analysis with DATTES

11. Calculate the resistance (Rvs’ = Resistance + verbose + save):
[result, configuration, phases]=dattes(XML_list,'Rvs')

12. Plot resistance (GR' = Graphics + Resistance):

[result, configuration, phases]=dattes(XML_list, 'GR')

020220126 0953 BUGESES B2 125 caraccompletexni

K. @9@@0@@%8 Heegéao

Left subplot shows resistance of different pulses versus depth of discharge (Ah). Right

subplot shows resistance of different pulses versus current rate (C).
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Question-Second life module teardown
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Question-Second life module teardown
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