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(Fire Protection for Lithium-lon Battery Energy Storage System)
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Fire Protection for Li-lon Battery Energy Storage

® YANNITHALLUANS
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Fire Protection for Li-lon Battery Energy Storage

® LY NATUITENE

- Iunvesszuuiniundsulnihsewuamesvinaiseu-looau (Lilon BESS) Wasiinsgu
(NFPA 855)
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Fire Protection for Li-lon Battery Energy Storage

* N1UDI5zUUTALAUNSIUINT
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Fire Protection for Li-lon Battery Energy Storage

* SyUUNNNUNSIU (Energy Storage System)

o -

Tagusvasd WinldiAvazaundsnuluyaeninisiondaau
OYNINNNSHAR LAZINENAINUNULRULLDAIFINISNANUBENINAINY
ABINTTLINAI9U
o‘d‘a Y o Y] Y] [~ Y] = c:l'
gunsalnfenlddmsunmsiniunasnulndi Ae wunnes
FelagUutlealdiuu Li-lon (NMC) wag LiFePO4
wnsglunisasisanndinaundsaului Tutlagty

NFPA 855 — Standard for Stationary Energy Storage System

NFPA 855 section 9.3

9.3 Thermal Runaway Protection. Where required by Table 9.2,

a listed or other approved method shall be provided to
preclude, detect, and minimize the impact of thermal runaway.
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Fire Protection for Li-lon Battery Energy Storage

* LuQluuNITWRIUIYBY Li-lon Battery

WAL ILAZANSHEALUALAES walulaBuazunsgiulunsnd

¢ SunumsKanATuLUUIINSElRR, S1AgNas * \9ad uay ansdlaalnslad SellnsAnwedisieiilos

o Usrqudruldinntu, vundnas o FenliYanfiudeusunzUaontonniu

o msrdauszpiiliity, enensidnuumd ¢« Mdsiannmstmunnasgudmsunsaauame3 Lilon
¢ qeuauazgULuUMsIdrumannvanety ¢ Mfaaunszuruiimsdanismslduunine’

(Battery Management system)
Build-out of battery megafactories (>1 GWh), 2015-2020
The build out of EV battery megafactories / gigafactories since 2015 (> 1IGWh) Declining cost of lithium-ion batteries used in electric vehicles (§/kWh), 2014-2020
200

180 Sm BENCHMARK

Lithium ion cell price, Large contract, Automotive, $/kWh
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Source: Benchmark Mineral Intelligence.

Bl BENCHMARK

. 201 202
Source: Benchmark Mineral Intelligence
Source: Benchmark Mineral Intelligence.
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Fire Protection for Li-lon Battery Energy Storage

* JUATILIINNTSLVIY

finsinwenasndainuusmes Li-lon 1368 94 609

No. of Incidents No. of Deaths No. of Injuries

LUV WSDUAUNTIFUANNTU

F"I’JWNL%EJ%?EJ(;]JQLLG]I 1-10 éJWULV%‘EJQJJﬁM%Jﬁ Battery Incidents per Year
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http://tools.utfireresearch.com/apps/incident map
T . S https://www.youtube.com/watch?v=kQhKYGK6m5A
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Fire Protection for Li-lon Battery Energy Storage

* msAnnasludlvelut 2021

[E 25 May 2021

Accident analysis of the
Beijing lithium battery
explosion which killed two

=
Tesla 'big battery’ fire fuels concerns

over lithium risks

Cishwarkimmins 4 weeks ago

Fire Officials Say Battery Blaze Near Marseilles
Contained

Justin Ritz Jul 19,2021 ®

El Minooka Man
Who Killed Hi
Child Senten
in Grundy
County

Morris Womal
Pleads Guilty
Aggravated D)
Causing Grea
Bodily Harm i
va
£ a X Grundy Co.

The Marseilles Fire Department and several other agencies have responded to a battery fire that occurred n Two Killed in

west of the LaSalle Generating Station late this morning. \F/’Zgg%‘;
i

159N URNAALUALADS TN

https://www.ctif.org/news/accident-analysis-
beijing-lithium-battery-explosion-which-killed-
two-firefighters
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Fire Protection for Li-lon Battery Energy Storage

* ASQFAN®IVRY McMicken

DNV-GL

TECHNICAL SUPPORT FOR APS RELATED TO MCMICKEN THERMAL
RUNAWAY AND EXPLOSION

McMicken Battery Energy
Storage System Event
Technical Analysis and
Recommendations

Arizona Public Service

https://coaching.typepad.com/files/mcmicken.pdf
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Type of battery system:
» Supplier: AES, Fluence

« Cell type: NMC (pouch cells), 2MW per container
by LG Chem

« Battery Management system: Yes

Fire detection/protection used:

» Detection: VESDA

« Agent used: Novec

« Agent concentration: 10% (highest possible)
What happened

Fire detected at facility

Explosion on opening the container

Eight fire fighters injured in the explosion



../BESS%20Incedent/McMickenFinalTechnicalReport.pdf
https://coaching.typepad.com/files/mcmicken.pdf
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Fire Protection for Li-lon Battery Energy Storage

® NAAUNLIIUINNNTUAN®T McMicken

® The risk of a fire from Li ion batteries are real

® Existing “standard” fire protection systems do not protect against thermal runaway

® ESS fires not only have a high amount of “stored” thermal energy but also have
inherent explosion risk as well re-ignition possibilities

.

Once initiated, ESS fires are extremely difficult to put out, sometimes taking days to

bring under control

® ESSfires are recorded to burn at temperatures between 600 C and 700 C — which will

also influence what suppression can be used
ESS fires pose a risk to life, assets as well as business continuity
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Fire Protection for Li-lon Battery Energy Storage

AANURNITAUINRIDIE5LAL

m Technical Data | August 2021

Brand

3M™ Novec™ 1230
Fire Protection Fluid

Introduction
W= Novec™

o e

Vo, 71°C cver s

L) Fire Safety Journal
Lodube

Analysis of effectiveness of suppression of lithium
ion battery fires with a clean agent
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To be clear, Novec 1230 fluid, utilized in total flooding fire suppression systems designed for Class A, B and C hazard
fires, cannot stop thermal runaway once initiated. Any additional benefit of a fire suppression mechanism, device or
delivery system using Novec 1230 fluid to prevent a cascading lithium-ion battery thermal runaway event is highly
dependent on the battery properties and the system itself which include factors outside of 3M’s knowledge or control,
including battery design, state of battery charge, and Novec 1230 fluid concentration levels, as a few illustrative

fully preventing combustion did not prevent propagation. Addition of gaseous
Novec 1230 to 640 1 min™ air flow immediately after the thermal runaway of the
first cell produced 8.5 vol% concentration of the agent. At this concentration, which
is above that recommended for suppression of traditional fires, the agent failed to
suppress flaming combustion and did not prevent propagation of thermal runaway
through the array. Increasing the concentration of Novec 1230 to 15.2 vol% by
reducing the air flow rate to 320 1 min™ reduced the flaming combustion efficiency

below 18% and prevented complete thermal runaway propagation in 67% of tests.

FK-5112 also decomposes at 500 C into toxic components and will also lose
effectiveness (Li ion fires can exceed 600 C)



../BESS%20Incedent/3M%20Novec%201230%20TDS%20updated%20section%202020_FINAL.pdf
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Fire Protection for Li-lon Battery Energy Storage

* AN Li-lon wusteas tuauLds el
1199370

- Indsnuavauiiingn @1siall uagans electrolytes g9

y “ o da ¥ Li-ion battery cells
- E)’]EJﬂTiGLGUQ’I‘U, @mm‘w N30 AULAYIIYNEANIIALLNUNU

High chemical energy combined with

(separator) ¥lAnn1sanasasmely Wuanmsmdniviilian . T
* flammable electrolytes is a fire ignition source

Anuseugennelulunmes uagyilviia “Thermal Runaway”

galanansangadila - Battery separator aging or damage can lead
~ fraiiineinans electrolytes ﬁié’%’umm%uqq 473190 to internal short circuit, resulting in a chemical

- o " y reaction causing “thermal runaway”
33LU®LL@$QﬂG]G]1‘V\|VLm’1‘EJ LLawmm’lmauqq

* SEUUAUINASE T UG TliaaN g Lia1u15aATaUARNAUNITAUINES - Electrolytic gas and vapor explosions result in
ndamisiaiily uncontained fires

« Traditional fire protection systems and fire
classes do not cover this risk!
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Fire Protection for Li-lon Battery Energy Storage

* 1ASIET VDI URLABTYNA Li-lon

1 Li-cation f Electrolyte

Li-ion —1 Li-anion
® ~ O

Anode e D s Cathode
A o
= . W
()
o
() o .
o
O . ° o
. o
4 4 4
Collector Separator Collector
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Fire Protection for Li-lon Battery Energy Storage

* anmpvaInIsinnasudlulunmesvile Li-lon

* NSLEYMNYVDILHUNY (Separator)
°* AuANLAZDIENITITIY

® Over charge %38 Over discharge

* anudsmeINMEenaNgRYY Li-ionj Li-anion — Li-cation l—EIectronte,
* Jumpumainudsindiuuu Thermal Runaway v ) -
o uiutudsne vlnAnmsdmsasnely Anod g~ Cathod
o gamgilusunneiaedu viie Soudaaurili = o) u
a5 electrolyte symenataidufaiifaluls .

* | AALIPUNEIULUALADST VNI UADNLUALADS

o a_ o= : R 4 4
LAENIY 170 YB3 Pressure belief lUnoon (Venting) Collector Separator Collector
Breakdown

* Masaluanazinlil (Thermal runaway)

* lvlanay awAnndalugl (Propagation)

Platinum Partner Gold Partner Sliver Partner

M Learpower 20" Nlane XYLENT paumens
Kumwell ..... ﬁ% .. IMPERIAL (DY < [

00080
" We Take You to Safety " Ees

- I —
S B e @penmen SIEMENS 'T%S



Thermal run-away initiation and propagation

BATTERY ABUSE
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Fire Protection for Li-lon Battery Energy Storage

® Siemens Research of Li-lon BESS Fire Protection

* ANIUNIY - Siemens international center of competence

.. . . . Anerkennun
for Li-ion battery testing in Switzerland fornronl L @
e Al <S0N oo
* gz - 2018 .’ = Flre protection for Li-ion 7 :
o battery energy storage
® MIVININY - 1. Detection of potential runaway event systems

White paper | January 2019

2. Propagation prevention

.......

* gunsalvivaaeu - uUAWEINNGHARTIITeIEne 8 B

appropriate agent

e HIATFIUNTNADU - VdS

* nalaannIsuadey - Siemens’s White Paper | January 2019 L

 Siemens AG 201, Allghts reserved

¢ wpssliT - VdS - $619002
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https://siemensapc-my.sharepoint.com/personal/tavitb_siemens_com/Documents/04.%20Li-Ion%20BESS/Li-BESS%20Information/Presentation/Li-ion%20batteries%20Whitepaper.pdf
https://siemensapc-my.sharepoint.com/personal/tavitb_siemens_com/Documents/04.%20Li-Ion%20BESS/Li-BESS%20Information/Presentation/VdS%20Aproval%20Cert_%20Li-ion%20BESS.pdf
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Fire Protection for Li-lon Battery Energy Storage

® $YDINUITYLATNAABU

RUNAWAY
DETECTION

PROPAGATION
PREVENTION

Can we detect? Can we prevent?
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Fire Protection for Li-lon Battery Energy Storage

QU

* MINAdaUN 1 - TusauMTIAANEMIlazN1INTIAIUA
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Fire Protection for Li-lon Battery Energy Storage

* 5NN

A15LASYNNITNAEIU

4
U

° AAFAILLUALADT VU 18650

Sampling point a & i qu v Ay w o
- ° AnRsuruliniusou ANuT19UBILUALNDT
* Annsgunsalnsiaingumninunines

U

€

° §AFa Aspirating Smoke Detector (ASD) siadiLAY
LAEANRIIAADINTA WHaLUALADS

YUADUNISNAFDU

a

* TiAuseu 5 Kcal/uiegeasiaus 3nngumgil

Y
4 ¥

UNFAUNTZIT LeUNUlLL UL @8N

ASD FDA 241

° AFADUNATLAATU LLALNISYINIULAZDOTUANYDY
ASD
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Fire Protection for Li-lon Battery Energy Storage

® NANITNAFBU

18650 - 08.10.2019 - 13:53

2] : 5 NANISNAEU

02 : Thermal:runaway

l_"195' . : b4 ¥ 1 ::l' a = 1 1 dl'

3 * Tianusounnkunmas 18650 Usual 5 Kcal/unil agesiaiilod

¥ 150

3135- = a dl dg’l 1 1 dl = °

£ 102 Venting ° YUNNNVBILUNLMEIFUUREesBLDANDY 150 C angluian 22
901 .

=

aQ [ 6V
U @19 electrolyte tARNITTELRENANBLUUNNY
301 Heating curve 18650 cell

3] : 5 ° MeilrasenNadvoIuALRADST wag ASD JUREIVDINI
0 2 4 i g 10 12 14 16 18 20 22 24 268 28 30 & v
Time [Minutes] Salva (Off gas) 19
o) : E ° wumnaIfinsTouluauiaumgll 180 C Tuuniin 28 uazinnis
= :gg Off gas detect:ion a@iw%{u (Thermal Runaway)
'%300_ : : Y & 1 a A [
£ 2501 * NANIINAFIULEAAS AL ASD BUANLAREIUITANTIAIU
5200- o 1 a a YR S o Y
8 1501 dygraunaunisiiaw@sludlans 6 i inlwdvarlunis

100+
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Fire Protection for Li-lon Battery Energy Storage

* AUUSENOUVBINTNSMaNNLYAALUNLADS

RUNAWAY GAS
MAJOR SPECIES

Li-ion off-gas particles are on
the lower end of spectrum

Composition

%

Average distribution of combustion particles 100
90
80
70
, : 60

Smoke Dust
particles particles ; 50
4 : 40

0.1 ; 10 100

Particle diameter (micron = um) 30
20
AGGLOMERATED LI-ION OFF-GAS PARTICLE 10
0

Cell

1a 1b 1c 2a 2b 3b

I Acetaldehyde B CO CO, I Dimethyl carbonate B Ethane Ethylene Il H, Il Methane
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Fire Protection for Li-lon Battery Energy Storage

® A1SVN9IUVDY ASD YHUANLAY

= = o/ 6V
Blue LED Uszansaanlun1snsiaduauniavasniey
small particles !
Labyrinth * asIuaRUlagNIIgAReg19eINIANINTIRER UNFIgUN Tl
Red LED * { Filter dwiSunsosaunipvunalvg W du way Ay

large particles o ~ o~ o 6
* ayraeulaldauatansviin A Blue ray way Infrared vilu

Detection area < < ~a ° Y 1 o o8 w
N@QL%U@HJ\W@LUU?{WNNG} LLﬁ%ﬂ’WU’]H%U’]@@Hﬂ?ﬂlﬂLLlI‘L!EJ’] Vil

Iris

ANUNTOLENRELUNIA ATU YT KU lATALIY

Air flow sensor
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Fire Protection for Li-lon Battery Energy Storage

* Mnegaudl 2 - n1stdasiunisanaiuvesin

Sensor C2-C3

Pneumatic Spike
cylinder
y Sensor C1-C2

Kumwell il MPERIAL

" We Take You to Safety "

m§,., M umros & FRETRADE 7
SSimplex B @nonirien SIEMENS "1-/



walulagszuuduwasdinsuszsuunniunasaulniigasuunnassinasou-lossau

Fire Protection for Li-lon Battery Energy Storage

* 5NN

S Sensor C2-C
By

-

Sensor C1-C2 ™~
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Fire Protection for Li-lon Battery Energy Storage
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Fire Protection for Li-lon Battery Energy Storage

® LANTSNAABUNTOUN 2
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Fire Protection for Li-lon Battery Energy Storage
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Fire Protection for Li-lon Battery Energy Storage
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Fire Protection for Li-lon Battery Energy Storage

Forcing of Thermal Runaway by heating with 5K per
minute to thermal runaway

= 45 min of preheating until off-gas event at 248°C
*In air atmosphere 20%9 02 / 78%1 N2

= In extinguishing atmosphere 10%5 02 | 88%5 N2
according to Siemens protection concept
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Fire Protection for Li-lon Battery Energy Storage

20%9 O2 / 78%1 N2

" 10%5 Oz / 88%5 N:
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Fire Protection for Li-lon Battery Energy Storage

20%9 O2 / 78%1 N2

=256°C Thermal
Runaway

46:37

10%5 O2 / 88%5 N2
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Fire Protection for Li-lon Battery Energy Storage

20%9 O2 / 78%1 N2

Open fire and multiple
explosions

47:16

10%5 O2 / 88%5 N2

1=260°C Thermal
Runaway
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Fire Protection for Li-lon Battery Energy Storage

20%9 O2 / 78%1 N2

Open fire and multiple
explosions

47:27

10%5 O2 / 88%5 N2

Emergency torch effect, no
open flame, no explosion,
situation under control
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Fire Protection for Li-lon Battery Energy Storage

® SIEMENS Solution for Li-BESS Protection

FDA241 and Sinorix N2

What to look for in a protection
system for Li ion Battery Energy
Storage Systems?

AN

Off Gas Detection

Smoldering Detection -
Smoke Detection -

AN YA

e e | v
1 i
maintenance
ragsion provanien | v
e e provenin | v
D
repues rire v mspreve | w1

Compliance with Standards

<

(S | | | S
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Fire Protection for Li-lon Battery Energy Storage

* FDA 241

Earliest possible detection
of an emerging thermal runaway by

* Electrolyte gas particle detection

* Detection of smoldering fires

Depending on the battery type, the FDA241 detects emerging thermal run-
away more than 5 times faster than special electrolyte gas sensors.
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Fire Protection for Li-lon Battery Energy Storage

® Sinorix N2

Extinguish electrical fires, stop
propagation of thermal runaway
and prevent secondary fires

* Total flooding system

* N, design concentration 45.2% Vol.
tailored to the battery type and cell
design

i
5
O
3
x_

* Remaining oxygen concentration
between 6% to 11.5% depending on the
chemistry type and cell design

* More than 30 minutes holding time at
highest protection to prevent re-ignition
risk

uuuuuuuuuuu Gold Partner Sliver Partner

Platinum P
J;GrouP XYLEN
Kumwell _i. weesm gy < 22 oev Nane ST pauneey
werisuzere. IMPERIAL [T n s 4 B FIRETRADE .
“We Take You to Safety * OuTR SR = ﬂ::m‘:;x XN ::;,..om.“ SIEMENS 'T%




= Y a o LY v [ v A a ad
L‘i/lﬂI‘L!IﬁEJ'iS‘U‘Uﬂ‘ULWﬁ\‘iﬁ']‘Vii‘U'i%‘U‘UﬂﬂLﬂUWﬁ\‘l\ﬂullWﬁ’]ﬂ’J‘c’JLLUG]LGIE]i“lmﬂaLﬁEJSJ-‘laaEJu
Fire Protection for Li-lon Battery Energy Storage
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Fire Protection for Li-lon Battery Energy Storage
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Fire Protection for Li-lon Battery Energy Storage

® Grid Stabilization project — South Germany
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Fire Protection for Li-lon Battery Energy Storage

® Hospital Leipzig, Germany — UPS Room
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Fire Protection for Li-lon Battery Energy Storage

FEUUAULNAIUTZLNNDU :
Water based systems Chemical systems (HFC/FK5112)

Propagation prevention Possible Unlikely — no confirmed data
Drawbacks known * Shadow spots due to rack * No confirmed data to show
configurations prevention of thermal runaway

* Hazardous slurry and cleaning risks ~ * Some manufacturers clearly state
that the gas is not suitable for

* Risk of damage to other electrical _
thermal runaway prevention

components
* No mechanism theoretically to
prevent re-ignition

* Ambiguity on how much water is
required and for how long!

Note: Based on open literature - please verify independently
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Fire Protection for Li-lon Battery Energy Storage

® A101U — ANFIDU

® MTNAFBUANUIANGINITUTITEY
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