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Li-ion Cells : Human Like

Poke them and they can bleed and burst into flames
Hate to be over-worked
Fussy about external pressure
Dislike extremes in temperature
Diverse
All cells must die, sometime

Many shapes and sizes
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LITHIUM ION BATTERY LIFEC
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Learning from Field Data

{ ONLINE ESTIMATION |

Future data

Past field data (irregular)
(inferred)

'_l Prediction/extrapolation

Diagnostics (key features)
Estimation of internal states
Learn pattern
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Impacts on Total Cost of Ownership

2. Vehicle Re-sale Value
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3. Battery Pack Repurposing and 2" Life
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The challenge and opportunity of battery lifetime prediction

from field data,h_ttgs://doi.ori/lo.1016/j.jouIe.2021.06.005 (B Battery
ey} ol
5
Battery Life & Safety
- —Ba ttery State Estimation instead of driving blind
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Accessing and Testing Many cells
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Provable Capacity estimation

Voltage [V]

Voltage (V) decreases consistently
but by small amount with cycles.
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° Discﬁ;rge C;pacity Els\h]
Force or pressure changes and
can reveal a lot of information!!

340

Force [Ibs]

The peaks of dF/dQ and dV/dQ curves

are consistently shifting with cycles.
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Voltage [V]

The force/ressure peak happens at higher
voltages so packs do not need to deep-discharge!

N. Samad, Y. Kim, J. B. Siegel, A. Stefanopoulou, “Battery Capacity Fading

Estimation Using a Force-Based Incremental Capacity Analysis,” Journal of The

Electrochemical Society Vol. 163 Issue 8, pp. A1584-A1594, Jan 2016
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Adapt and Learn Power Limits
Prediction =
PRy e .
Ve =Cx, + Du +F -
For a constant input .} Projected output Prodiclion
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Look up table based power limit 5 = = = v~
CO ntrol ——————————— Model-based power limit (New) Benefits Time (sec)
< "R A ALIPCH + Reduce Degradation
: + Age Conscious
» Dynamic limits can be more conservative
when necessary for health and safety.
+ Battery utilization (Whr throughput) can be
increased or the packs can be rightsized as
g compared to static predetermined limits.
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Battery Utilization

State of Charge (SOC) and Health (SOH)
Need fo highlight its importance

Aim to achieve 5% SOC&SOH accuracy

To realize SOC/SOH importance:

- Afully degraded pack has lost 20% of its
ability to hold charge

- Compare with chemistry advancements

5% SOC accuracy is equivalent to jumping

from C to the Si-C anodes

Unfortunately even 10% SOC accuracy is
hard to achieve at aged conditions.

nature
energy

Performance and cost of materials for
lithium-based rechargeable automotive batteries

Richard Schmuch @, Ralf Wagner®', Gerhard Hérpel ©2, Tobias Placke ®'* and Martin Winter ©'3*
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EV_Adoption by U-M Community = Workplace Charging

120,000

mtCO,eq/yr

Commuter (employee & students’)
emissions equal 44% of UMs
Scope 1 emissions

GHG Emissions from Faculty and Staff Commuting

<1 mile
1-2 miles

About 40k faculty and staff vehicles in
use, of which 10k are long-distance
commuters (20+ miles)
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PV generation +

. Storage + V2B
2 2-4 miles Case 2 “'/ =
% 4o mies Long-distance commuters account for ¥ i’/)p =~
g 6-10 miles 60% of faculty and staff commuting /
= 12;2 m.. emissions, which total to roughly 90,10 /
= metric tons of COze per year )
20+ miles L PV generation + Sf
="~30% of scope 1 emissions Storage-to-vehicle
0 20,000 40,000 Resilience &
Metric tons of CO2 per year Renewable Energy Storage
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Accurate estimation of
Degradation is a key goal!
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Pack Disassembly at University of Michigan, Auto Lab
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High-Throughput Testing ...
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Fire Heat Release of Burning Vehicle Fuel
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Fire heat release, Q;(GJ)
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* The heat of combustion from Li-ion cells in aa pack will be twice as big
as the heat of combustion from a gasoline vehicle (same range)

* EVs need 500-8,000 gallons of water and foam to suppress fires

* No guarantee there will not be a re-ignition later and harm nearby
assets and emergency responders

Sun, Peiyi, et al. "A review of battery fires in electric
vehicles." Fire technology (2020):
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Consider a Multi-Sensor Approach (Current ,Voltage ,Temp, Pressure ,Gas)

Voltage, Temperature
» Large packs and energy storage 55 : 150

systems need to be engineered z 5 i 100 o
beyond containing thermal gm ‘ w ;
runaways ! 5
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Battery State of Safety (SOS) Estimation

Detecting and Managing Thermal Runaway in Storage Facilities Q
+ Used batteries are stored in a large drum or cabinets (0.2 m3)
* Infrared Camera is too slow (40 min) to identify a thermal event,
before it spreads to nearby cells @

* Gas sensor (CO2, H2, ...) &60@

» Pressure sensor detects vent within a fraction of a second only if sealed

; 1 ; | preser e
Cai, Ting, Anna G. Stefanopoulou, and Jason B. Siegel. “Early Detection for Li-lon Batteries “ " ﬁ E ﬂ i
Thermal Runaway Based on Gas Sensing.” ECS Transactions 89.1 (2019): 85 s
(f) Time= Is (g) Time= 55 (h) Time= 205 (i) Time= 505 (j) Time= 100s.
Fig. 3: CO3 C ions in PPM. (a-c) Ci ional View at x=0; (f-j) Surface Concentrations.
BJ Battery
MICHIGAN H Control
ENGINEERING Laboratory

19

The price of degradation
The value of prognostics
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