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We are a global We empower you to:

safety science leader 7] Demonstate
= safety

Our scientists, engineers, problem solvers ~

and innovators partner with you to ® Enhance

unlock potential. N=_> sustainability

@ Solutions

Strengthen
security

What motivates u

employee is driven to helpyou
ur business goals.

Our Mission
Working for a safer world

Our Ambition

To serve as our customers’ most trusted,
science-based, safety, security and
sustainability partner.
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Global Laboratory Sites

United States

Northbrook, IL

Canton, MA
Fremont, CA
Marietta, GA
oIz NG
Palm Beach, FL o
Fairfax, VA Richmond
Rogers, AR Mississauga
Melville, NY Toronto 9
Plano, TX Vare
Brea, CA St Laurent !
Newton, IA
Concord, MA
Novi, MI Porto Alegre
Atlanta, GA
Espoo Krefeld Cabiate
Holland, Mi United Kingdom
N Neu-Ulm Milan
Chicago, IL Wartington
Vancouver, WA Rosenheim Gaviate
Telford Ballerup
Allentown, PA Stuttgart
Turkey
Raleigh, NC ity |
M View, MN Poland Istanbul
ounds View, Tunis Armhem
‘Warsaw
Utrecht

@ Solutions

Shenzhen
Guangzhou
- T Suzhou
Shanghai
Dongguan

Zhongshan

Aichi
Chiba
Kyoto

Kashima

Ise

La Ciotat Dhaka Bangkok

Gurgaon

Auckland Ho Chi Minh City

Bangalore
Singapore Taiwan Hong Kong
Taoyan Py P
Jakarta

Taipei
Hsinchu 5

St/ RBES Y

* Boeing 787 Li-ion battery, thermal
runaway — USA, 2013

* ~30 South Korean ESS Fires

* Four Firefighters Injured in Li-ion Battery
Energy Storage System Explosion — USA
Arizona, 2019

* Tesla’s li-ion megapack causes three-day
fire — Australia, 2021

* Longjing ESS fire — Taiwan, 2022

@ Solutions

Four Firefighters Injured
In Lithium-Ion Battery Energy
Storage System Explosion - Arizona

Mark B. McKinnon
Sean DeCrane
Stephen Kerber

UL Firefighter Safety Research Institute
Columbia, MD 21045

July 28, 2020

UNDERWRITERS
LABORATORIES™
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M2 B EEREEFEMRERABIEPRIE—nFIZHB
M, 2019 & 4 B

2 MW/2.16 MWh lithium-ion (li-ion) battery
energy storage system (ESS)

* Average home in AZ consumes 1
MWh/month

* ESS owned by local electric utility, APS
« Batteries manufactured by LG Chem
« ESS designed by integrator, Fluence

« ESS maintained by contractors to the
integrator, Sturgeon

@ Solutions Source: https://fsri.org/research-update/report-four-firefighters-injured-lithium-ion-battery-energy-storage-system ;

= BBl fERERYER

 National Fire Protection Association B ZEF5 1778 (NFPA) 70, National Electrical
Code BIZXE T A (NEC) 2020 — Article 706
* NFPA 1, Fire Code 2021 — Chapter 52
* NFPA 855, Standard for Installation of Stationary Energy Storage Systems, 2020
EENREERARLTEITE
+ International Fire Code (IFC) 2021 [B¥&H B AR
+ International Residential Code (IRC) 2021 B EE/A#

NFPA70
National
Electrical
Code

@ Solutions 8
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Design Guidelines and Model Requirements

iémé ﬁ'l‘l ESS E’J AX n-I- = _k Renewable Energy
Facilities

2.4.2 International Standards and Guidance

e FM Global Electrical Energy Storage System Data

OUR COMMUNITY - OUR CFA

Sheet 5-33 (2020) :':‘:
UL 9540: Energy Storage Systems and Equipment CFA
(2020)

e UL 9540A: Standard for Test Method for Evaluating 1 9

Thermal Runaway Fire Propagation in Battery
Energy Storage Systems (2019)
e NFPA 855, Standard for the Installation of Energy
Storage Systems (2020)
In the absence of a current Australian Standard
pertaining to large scale battery energy storage system
facilities, the current versions of UL 9540: Energy

Storage Svstem Requirements and FM Global Property
Loss Prevention Data Sheet 5-33 (2020) Electrical Energy

Storage Systems, should be used in the design and
operation of battery energy storage systems, except

Solutions

@ where varied by this guideline.

NFPA 855 — FEBBY ESS LEEI1ZHE

NFPA O $2EHE > 20 kwh FEBUL 954053 7%

855 O BEBNWBBES UL 17108
O ZEERERB/LZEMIARMBEEE

Standard for o §W§%§ VS }Eﬂ‘?%

the Installation of Stationary
Energy Storage Systems

- EHEEE o RIS

O FLERHIOIE 8 AT K BR (UL 9540A) 2%
O MZEPE R FERERMA

O IFC (International Fire Code) 2021 =&
NFPA 855/ :A 1R 4

2020

10
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NFPA 855 — FEEBHY ESS ZIiEHE

Administration #iTEEE NFPA

Referenced Publications SE R

Definitions Bl |
General —MREK
System Interconnections X g

Commissioning e Standard for

Operation and Maintenance B R the Installation of Stationary

Decommissioning B Enetey Stciage systoms
Electrochemical ESS 2020

. Capacitor ESS AR EABESS

. Fuel Cell Energy Storage Systems PARIEEMESS

. Superconducting Magnet Energy Storage

o Fhywheel

. Storage of Used or Off-Specification Batteries  SKFREM1ZHH

. One- & Two-Family Dwellings, Townhouse Units {fE&%

Fih &%
JEREE Rz 2,

FE KPR

4.43.2 | BARSTPRS S
4.4.3.3 | BEMHEER - — —
4.4.3.4 | PEECEREE
4.4.3.5 TAHXRE
4436 | BAEBEESE
4.4.3.7 INEREESK
4.3.6 PR K AR
4.3.9 RFEARE IR

B IBRESIRAI & MHE, fEEEREE

JE5E & KB

p=1i]
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FERE RRE LT 2 B ZE oK
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NFPA 855 — EE 1Y ESS ZHRIEE
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@ Solutions
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NFPA 855 — BB B! ESS ZEE1EH#E

-

b FEA DN
Al B 24

AEE PRI 50 kwh

AR EK:

BB R B

e EN R EER o M|
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FEMESSEkX

A= 1 kWhlA EZBBUL 95405355 -
BABE: 20 kWh ACIEN, BRIEEKFIBIEEEIZE (BKSEE)
HEZIER UL 1741 5358 - SLfE% UL 9540 2898 | --

7%
R

gl

*Ek

IR PO, B, A HZEEERE, FIMIE YNRBEIBUL 9540A BT BAMEEAE (BEMKES,
RAKE), R REETEBF

&/)\EfREEEES 3 =R oI #a, ARIFUL 9540A Rlal, WAAHJ #E A4
BRADFRBEEE < 80 kWh (AHZEEARE < 40 kWh)| ABIEMN BRIFZKFABIFETIRE
PR/ ERS 3 HR (BEHI) ZCIEEDE

ESS &M EBART LREE, RIZH5/8 2R | -
AEWETIRE

« U|_ » Solutions

>¢}

ANSI/CAN/UL 9540

Standard For Safety For Energy Storage Systems and Equipment
2nd Edition, Issued February 27, 2020

= Nnenca Natmna, St

« “ 75 Standards Council of Canada
@ G Conseil canadien des normes

©
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f#HE 2 AR Mo 5 Al

{EEEE
&5 Chemical System
B 4

ENEE Mechanical System Hydrogen Storage

Thermal System : Fuel Cell
Compressed Air

Pumped Water

Heated Fluids Fly Wheel

Heated Air

BE{bERE
Electrochemical
System

Lead Acid

Nickel cadmium

Nickel metal hydride
Lithium ion

Sodium Nickel Chloride
Flow Batteries
Ultracapacitor

UL 9540 #GliE

EE ESS AU

Battery systems:

* Lead acid SiEe
» Nickel cadmium or Nickel metal hydride sage A

* Lithium ion BB
» Sodium Sulfur or Sodium Nickel Chloride &, &Lz
» Vanadium Redox Flow Batteries HELBR BREM
 Zinc Bromine Flow Batteries SR SRR
« Ultracapacitor or battery/ultracapacitor hybrid systems

HEARES

BATTERY 4 STORAGE

18

41




UL 9540 #iliE
' The systems covered can be: |
- | Standalone to provide energy for local loads | jgy7#
* | In parallel with an electric utility grid | 4g#y
- | For use in utility-interactive applications in compliance with IEEE 1547 and |
=EE 1od/.d SR BRGHEEE

§§§ : . Grid

EEEEEEEEEEEEEEEEEEsEEEEEEEE

: - D
H = Backed-up Loads 2
: . e : 4 )
H = ac - gl
@ E : Meter
Solutions H

H
Inverter  ® 19

JOINT CANADA-UNITED STATES

AN s IICAN/U L NATIONAL STANDARD
9540A:2019

STANDARD FOR SAFETY

Test Method for Evaluating Thermal
Runaway Fire Propagation in Battery
Energy Storage Systems

RN AR I 5 R R AR 2

e Mo,

ANSIUL 9540A-2019

@ Solutions 20
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UL 9540A - EhIJcEHE f5

- ERARRES, FERDE

=

o B2 4 ERIFEER: | SR W BEAE = EIE = EpRE

=<

UL 9540A - EfSc R FiE 13

i .. (N TR
N : =4 | Bk R /)%IZE Gl
%%&gmﬁu & 48 4R Al HEAE 2R Al 2ER

o BEEHALE
at BRI I
- AT E

FERT A SHEMRAFAR M

K=
RENMRIRERE HBNRBENE

—

@ Solutions
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UL 9540A - Ehoc 2= e s
ZRA - wIRIEE

UL IEC
M Cell Level Test
S UL 1642 or UL 1973 | IEC 62619
A Module Level Test
A UL 1973 IEC 62619
Unit Level Test UL 1973
! ARSI UL 9540 IEC 63056
i% Installation Level Test UL 9540 IEC 62933-5-2
SHRE 2 S 4R Al .

@ Solutions

UL 9540A - EhSc 2= FE 3

| BEBKEIEERH AR R M EROBER ? |

@

| O 524251 BESS RATHIEVETIS HEADK SsHE |

| - N — - D=
| 0w sk a Bt T AR | =

¥ —

{El AU A TNE AT R SR i/ AR AR B RO AN B

O AU AR B &

24
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Eminig vs. RIS
Em

- BIRY - TRRETERRY ESS

- 40} ESS T

=0 =%
n?Jt.\ -1~}

®

CERTIFIED

SAFETY US-CA
E000000

RIZREE
- TRRMIRHEESR ESS

C —RUEREA

« UL» Solutions

[ No. FE 00123456 |

This product has been
evaluated in accordance
with the procedures and
limitations specified in the

EVALUATED issued report

ULLLC®2014

Contact UL 1.877.854.3577 #2
field@ul.com

25

William Weng
Phone: +886.2.7737.3235

Email: William.Weng@UL.com

]
S
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Solutions

Thank you

UL.com/Solutions

Safety. Science. Transformation.”

UL LLC © 2022. All rights reserved.
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KK FH

EEROUTLET K X 2 /0M13E
YIFI BN EFREIRIE
20229425 5

= https://tw.news.yahoo.com/news/%E5%8D %97 %
E9%9F%930outlet%E5%A4%AT%ET%81%AB%ES8
%87%B3%E5%B0%917%E6%AD %BB-
%ES5%88%9D%E5%88% A4 %E9%9B%BB%E5%8B
%95%E8%BB%8A%ES5%85%85%E9%9B%BB%ET
%88%86%ET%82%B8-113854371.html
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S 6] 83 45 B R4 Bt A U DK 62018
I T ST A K58 2021

= 2019/4/20 % BT 1% 784 & i 41T 0 QMW SBT3 GEAL kSR p R T
ALV RF g4 LY AL AP A KL
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HE

*Chevrolet Volt 2011)
Approximate Cell Size:

(a) N (b) High Strength Cabin

A

Battery (@)
= . Impact Absorbing Body.

Safe zone

53




SETHIE M : 7000%1{E18650E 1 (100KWH)
MODEL S

https://kknews.cc/zh-
tw/car/ezajxjn.html

[EfS IR RVEEE M)

Voltage

A

900 Vv -

/70N

20 ft Container 40 ft container Containers in Parallel

.~_ ESS _A i.. | < A % ":g o 5 ‘
iy Lt Emrgysnffv' s EEE:VW""’" A
- b =
- — S
Capaci'!y

360 kWh 1 MWh ~MWh

Now Swe00ing inCrira.

Flvone X8
EHEBFIRE

‘nxwm} [wmm | [Ex@i

ABS+
10m &858
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gen | MEME | EE

fHE

EREEREE

(mAh/g) gt

170 286

LU Ll 130-140 200 135-140
(mAhlg)
32-37 3443 3.6
>2000 = >300
4 RiF =
i3 i3 #HAEMSHE

A‘:ﬁ K ERIBIRRAE

274 278
190~210 155~165
2.5~4.1 3.0-4.5
= >800
= i 5F
REE o 8Es

— JCiEE

THB Rz A@TH > FREAZ A0

2 ERARHE R AR SR U SR S S AL B S — e R S VIRV SR B

FEH
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FEE A E R B
- oM R : H2 - CH4 - CO )
- SMEEE - HF - HCN ~ HC

= Ribie're et al. [81] found that for burning a 95-g pouch LIB (Li-ion
Battery), the maximum emissions of CO, NO, SO2, HCl, and HF were
1.77 g, 195 mg, 220 mg, 25 mg, and 757 mg, respectively.

Table 6

List of Toxic Gas Emissions from Full-Scale EV Fire Tests [95]

Vehicle Weight Battery or fuel capacity Total CO (kg) Total HF (kg)
Unknown BEV 1122 16.5 kWh 10.4 1.5
Unknown ICEV 1128 Full tank of diesel 12.0 0.6
Unknown BEV 1501 23.5 kWh 11.7 1.5
Unknown ICEV 1404 Full tank of diesel 15.7 0.8
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Figure 1. Results for type B cells, for 0-100% SOC with intermediate SOC-steps of 25%, exposed to an
external propane fire; (a) showing the heat release rate (burner HRR contribution is subtracted), the inset photo
shows burning battery cells during the test; (b) showing the HF release both as the measured concentrations
as well as the calculated HF production rates. The HF production rates are calculated from the measured HF
concentration by the Ideal gas law taking into account the ventilation flow, see Methods. The starting time of the
heating process is marked on the time axis.

Toxic fluoride gas emissions from
lithium-ion battery fires

Fredrik Larssonl?, Petra Andersson?, Per Blomgquist? & Bengt-Erik Mellander®
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K
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+ 3 V EV Battery |
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Company Country Date Battery Chemistry Water CO;  Foam CII;;T;:;'Z];’DW Nitrogen Sand Halon® ":':‘i':;;rir
Yaka Ching 2011 Pack  LCO x x x x
energy
Makita USA 2013 Pack  NCO X X X
Enertech  Korea 2017 Pack  NMC x x x
Samsung  Korea 2011 Cell NMC X X
Samsung Korea 2016  Cell NMO b b b b b
Saft France 2009  Pack LCO % % % %
Bipower  USA 2017 Pack LCO * * *
LG Korea 2013  Cell NMC %
Chem
Motorola ~ USA 2017  Pack LCO * * * *
Ideal USA 2010 Cell LCO X X X
SDPT China 2016 LCO X X
Bren-Tronics USA 2013 Pack LCO x x x x
Advance e am LCO X
Energy
Er]frc:gy Singapore 2014 NMC * *
IDX Japan 2016  Pack MO X X X X X
Panasonic USA 2015 NMC b b b b
Total 12 10 9 12 2 2 1 2

* Note that Halon-based products deplete the ozone layer and are prohibited.
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