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1. SHR 4 Bl
Suppression method
Primary objective Secondary ohjective o 2
properties
Flame Long Term Short Term Reduce Gas Gas Can be Used | Suppression
tinctio Heat Heat Temp in Absorption with method
extinction
Absorption Absorption room in room Ventilation
YES Total-
Sprinkler
prinkl flooding
Gl YES Total-
-]
°9 flooding
T -
NOVEC 1230 Ne otal
flooding
Not Not YES Direct
FIFI4Marine .
evaluated evaluated injection
Direct Water Not Not YES Direct
injection *) evaluated evaluated injection

*) Not expected or recommended to be used in practice for high voltage applications, due to the risks of short circuit and hydrogen production. The
method is presented as a flame extinction and heat absorption capability reference.

l:l High capability
l:l Medium capability

Low capability

No or very low capability

ESSe] sAl 9 Futo] £ Ale wiE oA HAsE 7tAd stolBR
SIS HALZ (1) 22 Al 2 97 (2) 848 7129 2= 237 4 54 FHAA 4&
gJojof stal, EUA] U FAS Holl Ventilation> BFEA] B Q. AlA AARN(QEITA/F
71594 A718R7el ot =71 &0l fA4dolaL, o]Zlo] gt E-Stop Z12]il Ventilation
Asol LA ekl
2. M8YQtEarly detection + E-Stop + Fire Fighting)

b 9mAta AL SAtst, E-Stopg 7HEstel wlElRlE A4 ©ejrtx] 2a)
PCS Shutdown, Battery Room M|Ql X}H7] Open, Rack A$JX] Open
L}, Ventilationg 7Hs3sto] Z24hd 7tkAS 73A| vi7]
tf. A7IAAI717F SAsHA Ventilation SA]
2t 197 siRlde 2 7kA-A ashdu] A
of. 297 spiRlde s A Ashdu] Al (A
ojmjof = Ventilation2 ¥zt @ 7}

o1 X

AFg-8fjoF

A=
[}

=
(o]

)

A 6}1, Ventilation-&

H

LS

o

.

= o)

H} 1L & o
JEZYd 592

glo] 7hob EA Ulgo] el YAl % AYTAR A AATOR Ao HFS Ha
3 & 4 glon, s A FAL WML SYAA Aol W (Ay] 27
ojstof gidlo] Ul AYS ATk A9l Was S4 % A el Hag)



3. dsts 720 &
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Table 2-2 - Calculated off-gas contents incorporating assumed hydrogen content of 30%

Value LGC NMC, 63Ah LFP1, 2.5Ah LFP2, 1.5Ah
Case 50 75 100 ocC SC 50 75 i00 oOC 50 75 100
co2 16 20 30 28 48 40 20 49 18 22 21 31
cO 25 30 9 25 13 7/ 14 12 23 12 13 10
CH4 11 8 15 9 2 3 5 2 3 6 5 5
C2H6 9 8 9 4 6 14 21 6 13 7k 21 18
C2H4 S 4 7 4 1 6 10 1 32 12 8 5
H2 estimated 30 30 30 30 30 30 30 30 30 27 30 30
Average 131 166 201 221 N7 102 99 81 28 a1 82 Q9
ambient

temperature

[C]

Volume 458 193 193 199 223 10 7 30 21 5 5 6
normalized to

25C ambient

temperature

L]

L/Ah 74 3 3 3 4 3 4 12 9 3 4 4

Hydrogen AllA&= H£29 4% 5% 1%0A 2K (FEF A5 & vi2)=o] 54 &7}
AR oJst QAR R7A0IA Alget A} H29) o} 5%-30%21 2H30%S Aofe]
7422 3|4 o)7L 7|&2 2 Normalizedtyg). IEX(0C, Overcurrent)o 2 o Al 3|7}
HPASHH AhT OF 3 L] 71 A7 A6, 25CE 71202 sHAetH = 199 LiterQ] 7tA7E ¥
Aste Zlog AAE & Q3.
* JH3 63Ah LG 3}sh v g2 4% 110 KWh Rackoj|A 2AisHs 7FA 2hAlES AP s 2™
D of 7h7F 2982 14422 AdE A, §F 7H9] Racko] 17719 Rag A& ER

2 9F 1,764 Ah (2%14%63 Ah = 1,764 Ah)o]al, 7}A 2HASF2 5292 Liter (3% 1,764)Y.
J2]3 gt 7)9] Racko|A] WA= 7FATE2 oF 99k 2]E{(17x5,292=89,964).
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SOC 50%004 1td(Overheat) 2713 ZAo] Alg- B4A90 Al

Table 3-3 - Composition of off-gas released from cell before full thermal runawa

Gas species Composition in overheating Composition in overcharging
50% SOC case (%) case (%)

co 321 47.9

Ethane 24.1 13.1

Methane 16.1 7.2

Benzene 11.3 24.0

Ethylene 9.6 4.8

Toluene 5.5 3.0

HCl 0.7 -

Methanol 0.6 -
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Figure 3-1: Gas release profile for an overheated NMC pouch cell with 50% SOC
SOC 50% <& (Overheat) Al - 8.729 Z=EFY &)
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Figure 3-2: Gas release profile of an overcharged NMC pouch cell
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Figure 3-3: Gas release profile of an overheated NMC pouch cell 100% SOC
100% SOC & (Overheat)A]d - °F 40%9] ZE=EFQ

371Xl F(SOC 50% Overheat, Over-Current, SOC 100% Overheat), 150% oJujof 7tA
7t A9 YEEW, £7] YAYSH= 7FA & 5,000~10,000 PPM 7 = = o 0] (Q m7pA AllA
£ 1 PPM olsfol X ¥hg-2 Al&tstol, 100 PPM olstol X ollES B stuz x7] F%)



6. Z7|HE 7tsd Hl1 HAE (Sensor A|AH H|u)

Table 3-4 - Average responses from different sensors and indication mechanisms tested in cell
level tests
Li-ion

Tamer® Thermal

Off-gas Cell Voltage LEL Sensor

Release Runaway
sensor

Time of occurrence
relative to thermal

-381 -371 0 +7 +28
runaway, average,
seconds
FEz WA AL 71EOR Off-gast -381%(6.35% Mofl)o]l WAYst, Off-gas sensor:
o]2 oF 10X S0 AS3H-6.1%). BMSO|A] £A5}. Mole JZ = ubl 5 7% Sof| AZs)
1, LEL AAE 28% Sof A&3

%, LEL AlAe} BMSOIA Q= A& A2 27 4& =2 FAYr v Off-7tA AA+=
o
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7. AI|1UX| 7|t Off-7tA M9l H[W

Table 3-5: Ke gas detectors for module level tests

Time difference Max temperature

properties of

Visual

Test ID IP Rating Cotabiston ateinsl between Li-ion inside the tes_t box
of box . Tamer® and Smoke before detection
Combustion
detector

1 44 Yes No 22 sec ie°C

3 20 Yes Yes 9 sec 290°C

7 44 Yes No 21 sec 173°C

9 20 Yes Yes 44 sec 440°C

Module 2#9] 7FAMA A|F(Off-gas sensor?t Smoke AIAME ZE2]0] AX|5to] 8]i)
259 [PEZ9 met th=2 X5, Off-gas AlA](Li-ion Tamerz2t= B2 =)’} smoke sensoro]
ulsto] 9~44% Wi,



