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LI-ION BATTERY PROTECTION JOURNEY

A consequence of the energy transition

TODAY, THE BEST STORAGE
IS LITHIUM-ION BATTERY

AND THE NUMBER OF
INSTALLATIONS GROWS
EXPONENTIALLY!

Fire hazard
LiHon battery

AT THE HEART OF THE BATTERY SYSTEM
ARE THE ELECTROCHEMICAL BATTERY CELLS.

Anode

lon-conducting. flammable electrolyte
Separator ensures the electrical
separation of the electrodes

High energy materials

Intemal short circut leads 1o overheating
in an exothermic. chomical reaction.

then thermal runaway

Thermal Runaway development and propagation
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MAJOR SPECIES

Propagation tests ~ System structure

Simulation

Propagation Test Results

B

Overall Test Results

Cyfmbic calls - Wa've done bundreds of teats with yfindric batiares.
Wt et marlcirrs, s r o1 v, O s show
cylindeic batery calla are the throe becausa they have the least
amount of shared surtecy ares.

Priumatic cll - We've done dozsns of tasa withpiwatc bfiris from ot
asst oo bttar manufacturers. Whan inoied by nirogen, wo have aursd hat
tharmal runemey has ot reaustd i opee flame of xplosion.

betwmen, propacu
with pouch cells Wodulo to module progagaton. howeror, has baen st
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Nitrogen, when used in conjunction
with the dual wavelength technology
based early waming detector, has
been proven to prevent cascading

effect of thermal runaway!

”

+ Nirogen/ dual wavelength solution s only

approved solulion an the marke! tody.

+ Detacts thveat aster an compeliive technalogies.
+ Proven o prevent propagation of TR event io

adjacent battenes

Very early
detection

Nitrogen
suppression
Combined detection &
‘extinguishing in one panel
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DETECTION TESTS

1 Test of Prismatic Lithium-nickel-
manganese-oxide cell
Temp® C * Surface Temperature °C
250 L ) () NTE " Alarm Level
A B .
200 - O s 0.9 . Thermal
L " L s runaway
150 _}! wla] v .l Smoldering ;¢
100 .c
SuﬁaceTemperature
50 - :
~ : Smoldering
Danger signal + detection
0 = 3 .. .
E — Alarmlevel __ “-...° Min
(0] 10 20 30 40 50 60
“ Forcing thermal Dual wavelength detector detects smoldering @T = 145 °C Fire alarm due to earliest smoldering detection.
E runawiy by heating O‘ 28 minutes before off-gas venting and Ideal precondition for triggering of e-stop and

32 minutes before thermal runaway Explosion prevention and fire suppression
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LITHIUM-ION “OFF-GAS” COMPOSITION

Air in environment follows
a two-humped curve

Average distribution of combustion particles

n k-]
Smoke particles Dust
particles
A : N—
0.01 0.1 1.0 10 100

Particle diameter (micron = uym)

Agglomerated li-ion off-gas particle
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Propagation Test Results

20.9% Oxygen

Graph A - Normal Oxygen Environment

Propogation Test@21% 0z
400.0

350.0

300.0

250.0 . /

200.0 /‘/

Temperature [°C]

150.0 ’/ -
100.0 / -

500
0.0
0.0 60.0 120.0 180.0 240.0 300.0 Time[s]
—— 21% 02 Test Point 1
- 21% 02 Test Point 2
Page 7

<£11.3% Oxygen

Graph B - High Nitrogen Environment

Propogation Test@11.3% 0z
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VIDEO OF TORCH EFFECT

L LT e T T

Cell overcharging
1cell

Extinguishing gas atmosphere
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OVERALL TEST RESULTS

Standard
Normal li-ion Fire Risk

Prismatic cells | We've done dozens of tests with prismatic batteries from at least three
battery manufacturers. When inserted by nitrogen, we have found that thermal runaway
has not resulted in open flame or explosion.

Solution stopped cell to cell thermal runaway propagation every time

Cylindric cells | We've done hundreds of tests with cylindric batteries. We’ve tested
8 major manufacturers, and more are on the way. Our tests show that cylindric battery
cells are the safest of the three because they have the least amount of shared surface
area.

Solution stopped cell to cell thermal runaway propagation every time

High Density

Very High Li-ion Fire Risk
Pouch Cells | This type poses the highest fire safety risk because of the high density of
batteries without separation between battery cells. We’ve tested pouch cells from various
manufacturers dozens of times and results are very similar between all of them. Cell to cell

propagation cannot be stopped when dealing with pouch cells. Module to module - -
propagation, however, has been stopped every time.
Solution stopped module to module thermal runaway propagation every time - -
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KEY TAKEAWAYS

Lithium-ion battery usage
across all markets -
including “energy storage
systems” expected to
maintain increasing growth
rate.
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Lithium-ion batteries
present fire hazards
that can be mitigated
by early detection of
runaway condition and
propagation prevention.

&

(A

Dual wavelength
detection technology
provides earliest possible
detection - IRed / Blue
particle detection in the
industry.

A solution enabling Lithium-ion battery thermal
runaway events to be managed.
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Nitrogen, when used in
conjunction with early
warning detector, has
proven to prevent the
cascading effect of
thermal runaway.



https://www.myccfs.org/forum

LITHIUM-ION BATTERY STORAGE
CONTAINER SOLUTION
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TRADITIONAL BATTERY STORAGE ROOM

L
3
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BATTERY MANUFACTURING

Marked increase in
Li-ion battery

manufacturing
facilities

A new set of fire risks
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HUGE DIMENSIONS

8 GWh

Production capacity

\ 4
~20,000,000

Annual target-output

of good battery cells -

<5
4

< 200,000 » ~12 soccer fields

annual eCar output - 1 GWh = 108,000 ft2= 2.5 acres
Size of a general battery cell production plant
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LITHIUM-ION BATTERY CELL PRODUCTION

PROCESS

Electrode production Battery cell production
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Mixing Coating Calendering Slitting Cell assembly Drying Electrolyte Formation Testing

filling and aging and grading
l '
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LITHIUM-ION BATTERY MANUFACTURING

Each process step offers
potential risk of fire

Electrode production process
has lower risk

2"d half of process offers
increased risks

7 of last 8 process steps are
medium+ risk

¢«

Risk Assessment
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on
e |
%
]
Unrestricted | Wayne Aho | 54" Annual CAFAA conference | 2024-02-08 @



PROTECTION CAPABILITY OPTIONS

Entire facility Building / Process

Building

1. Flm= alarm panel

2. BACnet-PROFINET-
1. Fire alarm panel Gateway

2. Aspirating smoke E 3. AC
detactor

3. Fim detactor

4. Alarm device
5. Fim detactor
6. Aspirating smake

5. Electromagnatic .
walve actuator T

4. Alarm davice

6. Extinguishing 7. Extinguishing ncezie
agent 8. Elactromagnatic
7. Manual release button walve actuator

8. Extinguishing j 9. Extinguishing
agent cylinder agent monitoring

9. Extinguishing nozzie -1 10. Extinguishing

agent gylinder

10.Fi= alarm panel

11. BACnet-PROFINET-
Gateway

12.PIC

1. Manual release button
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ELEVATED RISK AREAS - FORMATION

Formation Chamber Formation Tower protection

Formation Tower

G
|
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ELEVATED RISK AREAS - AGING

Aging Tower protection

Aging Towers

L
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SUMMARY
BROAD APPLICATION SOLUTION

= Li-ion battery = Li-ion battery
protection solution manufacturing
solution

= Very early warning
detection

= Nitrogen agent

= Prevents thermal
runaway propagation

= Limits loss / damage

= Mitigates risk profile

= Very early warning
detection.

= Nitrogen agent
= Contains damage.
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QUESTIONS

CONTACT

Wayne Aho

Sr. Product Manager
Detection and Peripherals

Phone +1 973 295 8416

E-mail wayne.aho_jr@siemens.com
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