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Anatomy of a battery failure

Battery Failure Stages

e Stage 1: Abuse factor

o  Thermal, electrical, or mechanical abuse

e Stage 2: Off-gas generation

o  Occurs regardless of cell form-factor

e Stage 3: Smoke generation

o  Catastrophic failure is imminent

* Stage 4: Fire generation

o  Likelihood of propagation drastically increases
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Battery Failure (Thermal abuse)

Off-gas/Smoke Detector Signal (V)
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& Battery Failure (Thermal abuse & mitigation) @
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Battery Failure (Electrical abuse)

Test #1 conditions

Third-party data (DNV-GL)
100% SOC, constrained
Overcharged at 50A (0.8C)
63 Ah Pouch Cell Type

FTIR data gathered during failure
(plus H, and LEL monitors)
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Low-level off-gassing occurs early,
prior to thermal runaway

1.00 - ,
==Carbon monoxide
Methane
—=Ethane
= thylene
0.75 4
()]
=
©
>
5 0.50 -
)
C
()]
(7p]
0.25 -
0.00
3800 4000

DNV-GL

Thermal runaway
T > 1000°C

surface

I

4200
Time (seconds)

4400

4600



Battery Failure (Electrical abuse)

Test #1 conditions

Third-party data (DNV-GL)
100% SOC, constrained
Overcharged at 50A (0.8C)
63 Ah Pouch Cell Type

FTIR data gathered during failure
(plus H, and LEL monitors)

Remarks

Low-level off-gassing occurs early,
prior to thermal runaway

H,, HCl, and HF generated during
thermal runaway

LEL monitor does not alarm
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@ Battery Failure (Electrical abuse) @
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Li-ion Tamer provides 6.4 minutes of early warning prior to thermal runaway




@ Battery Failure (Electrical abuse & mitigation) @
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& Battery Failure (Electrical abuse & mitigation) @
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Li-ion Tamer provides full mitigation of thermal runaway "




Proactive action
instead of reactive
can be taken with off-
gas monitoring
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Off-gas video

13




11=2 (BCP1=1, BCP1:2)

S0 By 140

Propagation Cell Damage

Battery
Abuse \

14



Propagation Cell Damage

aniti

Battery

Abuse \

Off-gas
Heaiw

15




Implementation Method

* Localized detection scheme for rack monitoring

e Network of reference sensors for reduction of false
positives

* Single cell detection with rack monitoring

 Enables thermal runaway prevention

@ Monitoring sensor

O Reference sensor
@» Reference controller
@® Monitoring controller |




Product details 4
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- Li-ion Tamer controller is where sensors are
aggregated

- Controller provides power distribution and contains
proprietary logic for isolating off-gas events

o Input power range for controller: 5—-28 VDC

- Controllers are versatile and can accommodate any
battery system layout

- 1.8-2.8 W power consumption depending on
number of sensors and input voltage

- Auto diagnostic capabilities allow users to know if a
sensor has lost power or malfunctioned

- Serial (MODBUS) and digital output communication
for most flexibility

- CE Mark (2019) & FM Approvals cert (2020)
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@ Product details
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- Sensors have several mounting options

- Proprietary algorithms enable calibration-free monitoring
- 15+ year lifetime

- Sensor placement within rack depends on air-flow of forced
air cooling convection currents

- EX Proof cert — sensor only (2019)
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Product Benefits

Early warning of lithium-ion battery failures

o  Average of 10 minute early warning based on experimental results (100+ battery failures)

Prevent thermal runaway with proper mitigating action

o If abuse factor is stopped early, failure can be altogether prevented

Single cell failure detection without electrical or mechanical contact of cells

o  Easy installation and localized monitoring enables detection at the earliest sign

Calibration-free product

o Innovative machine learning algorithms create maintenance-free product

Auto diagnostic capabilities

o  System will automatically diagnose any sensors that are malfunctioning

Extended lifetime

o  Sensors have extended lifetime that exceeds lithium-ion battery systems (10 — 20 years)

Reduction/removal of false positives

o  Network of reference sensors removes possibility of false positive alarms
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Case Study: ABB
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Monitoring sensor placement above racks, mounted to walls

Details:

- 30racks, 2 MWhr

- LG Chem R800 racks

- Front-to-back airflow

- Gen 1 Li-ion Tamer product

- Controllers tied to relays

- Relays tied to E-stop at rack

- Li-ion Tamer signal used to isolate
charge of rack
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& Case Study: T-Factory &

Gen 2 Li-ion Tamer with MODBUS Rack design and monitoring sensor placement
interface

Details: g
- 12 battery racks 15 e 1f o i
- 1.4MWhr 1-3'? m
- Gen 2 Li-ion Tamer product __ﬁ_l__m_z 4
- 12 monitoring sensors -
- 3reference sensors
- 1 combined monitoring/reference controller
- Installed in the basement of high-rise building in Seoul
- Upward air flow

- Li-ion Tamer signal integrated into system BMS and
used for rack shutdown
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Protect your
people, property and brand
with Li-ion Tamer

www.li-iontamer.com
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