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Appendix 2-C: Fire and Safety Reports for DC LINK Batteries
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Safety. Science. Transformation:

2025-02-26

Hyeon Kyu Kim

LG Energy Solution, LTD.
188, Munji-ro, Yuseong-gu
Daejeon, 34122, KR

Notice of Completion (NoC) and authorization to apply the UL Mark

Your reference:
Our reference: File E528302, Volume 3 Order: 15556720
Project: 4791548862

Project scope: [FTBL,E528302] Model LINK-FDMEPNCN, JF2 DC LINK SYSTEM
Dear Hyeon Kyu Kim:

We appreciate that you have a choice of certification providers and thank you for choosing UL Solutions.
We have completed the investigation under the above project and confirmed compliance of your product(s) with UL
Mark requirements.

This letter temporarily supplements the UL Follow-Up Services Procedure and serves as authorization to apply the UL
Mark at the factory location(s) identified on the Authorization Page of UL Solutions File E528302, Volume 3. You are
required to send a copy of this letter to all manufacturing locations authorized under UL Solutions File E528302,
Volume 3.

The Follow-Up Services Procedure covering your product(s) will typically be provided by UL Solutions within 10
business days. Any information and documentation provided to you involving the UL Mark services are provided on
behalf of UL LLC or any authorized licensee. The UL Solutions certification directory is updated with active
certifications shortly after projects are reviewed and completed. Please visit https://productiq.ulprospector.com/ to
search for the certification.

Products that bear the UL Mark must be identical to those submitted to UL for evaluation and certification and must
comply with the Follow-Up Services Procedure covering your product(s). Additional requirements related to the
responsibilities of the Applicant and Manufacturer can be found under Customer Requirements documents at
www.ul.com/fus.

A UL Solutions certification is a valuable marketing tool meaning your product or company has successfully met
stringent requirements. We encourage you to use your UL Mark and certification in your marketing activities. We are
happy to provide guidance on how best to promote your UL certification. Our Certification Achievement Kit
demonstrates marketing and promotional concepts to help you best represent your UL certification.

UL Solutions is committed to providing you with an exceptional customer experience. You may receive an email from
ULSurvey@feedback.ul.com inviting you to provide feedback. Your survey rankings and comments regarding the
experience are important to us. We are always seeking ways to improve in any areas we can, and your feedback and
comments are vital to this process.

If you have any questions, please contact me or any of our customer service representatives at www.ul.com/contact-
us.

Sincerely,


http://www.ul.com/fus
https://collateral-library-production.s3.amazonaws.com/uploads/asset_file/attachment/47582/Certification_Achievement_Kit_2022_Rebrand_English.pdf

ByungHo Lee David Piecuch

Senior Project Engineer UL Mark Certification Program Manager
UL Solutions UL LLC
Byungho.Lee@ul.com David.Piecuch@ul.com

9d1b821727e2428783a272a55226¢c6d5

UL.com/Solutions
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Certificate Number:
UL-US-2559786-3

Report Reference:
E528302-20250226

Issue Date:
2025-06-06

© 2025 UL LLC. All rights reserved.
Form-ULID-019496 — ver 1.0

Certificate of
Compliance

Issued to:

LG Energy Solution, LTD.
188, Munji-ro, Yuseong-gu, Daejeon, 34122, KR

This certificate confirms that representative samples of:

FTBL - Energy Storage Equipment Subassemblies - DC ESS
See Addendum Page for Product Designation(s).

Have been evaluated by UL in accordance with the Standard(s) indicated on this
Certificate.

ANSI/CAN/UL 9540:2025, Edition 3, Issue Date 2023-06-28,
Revision Date 2025-03-07

Additional Information:
See UL Product iQ® at https://ig.ulprospector.com for additional information.

This Certificate of Compliance indicates that representative samples of the product
described in the certification report have met the requirements for UL certification. It
does not provide authorization to apply the UL Mark. Only the Authorization Page
that references the Follow-Up Services Procedure for ongoing surveillance provides
authorization to apply the UL Mark.

Only those products bearing the UL Mark should be considered as being UL Certified
and covered under UL’s Follow-Up Services.

Look for the UL Certification Mark on the product.

David Piecuch
UL Mark Certification Program Owner

Any information and documentation involving UL Mark services are provided on behalf of UL LLC (UL) or any authorized
licensee of UL. For questions, please contact UL Solutions Customer Service at_https://www.ul.com/contact-us.
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CERTIFICATE OF COMPLIANCE

Certificate number  J|-US-2559786-3
Report reference  E528302-20250226
Date  2025-06-06

This is to certify that representative samples of the product as specified on this certificate were tested according to the
current UL requirements.

Energy Storage Equipment Sub-Assemblies

Model(s): LINK-FDMEPNCN Where M can be A, B, F, or G, EPN can be 2AR, 2BL, 2CL, 2DR, 2FL, 2JR, 2KL, or
2LL, Ccanbe 1, N can be 1, 2, or 3.

Any information and documentation involving UL Mark services are provided on behalf of UL LLC (UL) or any authorized
licensee of UL. For questions, please contact UL Solutions Customer Service at_https://www.ul.com/contact-us.

© 2025 UL LLC. All rights reserved.

Form-ULID-019496 — ver 1.
Page 2 of 2 orm-U 019496 — ver 1.0
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TEST REPORT

UN38.3

NAME OF SAMPLE: Rechargeable lithium-ion battery
EZ S -
CLIENT: LG Energy Solution, LTD.
ZHE AL i
CLASSIFICATION OF TEST: Commission Test
For i 2 ) « AL

B ARF R A A

CVC Testing Technology Co., Ltd.
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TEST REPORT

No.: RZUN2024-5420

Page 2 of 13 Pages

Name of samples: Rechargeable lithium-ion battery

FE b B AR -

Type/Model:
TS 4% EP096636PFB1
96V 636,8Ah 61,13 kWh

Color : White
FESL A A

Physical shape: Prismatic

FERIAR: BAE

Commissioned by: LG Energy Solution, LTD.
AL -

Commissioner address:188, Muniji-ro, Yuseong-gu,
Daejeon, 34122, Republic of Korea

ZARH AL -

Manufacturer: LG Energy Solution, LTD.
i -

Manufacturer address:188, Munji-ro, Yuseong-gu,
Daejeon, 34122, Republic of Korea
il i e k- -

Factory: NANJING ZHONGSHAN ELECTRONICS
Co., Ltd.
AR B R AR L E T E BR A

Factory address: No 18 Yihu Road, Lishui Economic
Development Zone, Lishui County, Nanjing, Jiangsu
Province, China 211200

Al VD5 R AT R K XA S A T A S AT
% 18 5 sUAR L b HL A PR A A

Classification of test: Commission Test

K25 B

Quantity of sample: 4 battery packs, 30 cells
FEAn R 4 A, 30 AN

Tested according to:
W krE: ST/SG/AC.10/11/Rev.8/ Section 38.3

Sample identification:
FE S PRIR T 5 b 1#~ba#, c1#~c30#

Receiving date:
BREH 1. 2024-07-22

Means of receiving: Submitted by commissioner

T RARRALERE

Completing date:
SERHH: 2024-09-04

Test item: 7 items
MWRITH : 7 I

Test conclusion:
2518

The Rechargeable lithium-ion batteries submitted by LG Energy Solution, LTD. are tested according to
Section 38.3 of the Eighth revised edition of the Manual of Tests and Criteria (ST/SG/AC.10/11/Rev.8/Section
38.3). The test items are full items. The test results comply with the relevant requirements of the standard.

H1-14#6f) Rechargeable lithium-ion battery, fK#EHEGE (I AbRHE T 55/ EIThRES 38.3 T HEATH:

W, R NEIH, IR RAT S PR R ER .

Seal of CVC
CVC %%
Date of issue:
2k HH: 2024-09-09

Title: Manager
e AR S 23
Approved by:

Zhang Siyao Reviewed by:

oo 2hosg sigee W B

Liu Zhen

LB B

Tested by: Lin Qingyuan

L?:n Q’&a}‘“ﬂm

X Gl AN
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Description and illustration of the sample:

E it U W R

The sample’s status is good

FERIROL R AT

The battery (EP096636PFB1) is composed of cells (JF2), and the connection mode is: 4P30S

FhZH (EP096636PFB1) HHHLE (JF2) Rk, HEH:T7N: 4P30S

Cell Dimensions/H:& <) 17,7mm * 123,5mm * 600mm

Watt-hour rating of each battery/ H.A™ Fa it 2H (1) FLES £4: 61,13kWh

Test item Sample No. State Remark
IR H FEi g~ RE #E
at first cycle, in fully charged states

DID2E | s e e L 2T otk :
TA~T.5 ——
b3#~bA# after 25 cycles ending in fully charged states i
% 25 ME R HBCE A S AR RS
cA#i~c5H at first cycle at 50% of the design rated capacity

B AN S O A T g B B AIUE A RN 50%
T.6 after 25 cycles ending at 50% of the design rated -
c6#~c10# capacity

% 25 DA e ORI 7S F B IROTHEIUE B 50%
at first cycle, in fully discharged states

A A HOE A 5 A RIRES

after 25 cycles ending in fully discharged states

2 25 N ACE 7o BB A 1 58 e ORIRES

The test objects of T.1~T.5 are battery packs, and the sample numbers are b1#~b4#
TA~T.5 e SO A, FEmdn 5 A b1#~ba#.

The test objects of T.6 and T.8 are component cells, and the sample numbers are c1#~c30#
T.6. T.8 M SO A, FEM% S A c1#~c30#.

c11#~c20#
T.8

c21#~c30#

Description of the sampling procedure:
HURERE e 1 1 B
/

Description of the deviation from the standard, if any:
IR EE RAT S AR T 15 B
/

Remarks:
ks

Throughout this report a comma is used as the decimal separator.

AR L SR N

The Batteries have not equipped with overcharge protection. According to commissioner, the
batteries are designed for use only in another battery, Which affords such protection, According to the
UN38.3 standard, the sample is not subject to the requirements of overcharge.

ZH R ke R AR E, RIERICTAY, ARSI T A i, B4k b
WA E AR E, R UN38.3 R, LRt fE 7o ik it

LTC-R-4279-UN38.3-B2

‘N

VAR N AW/
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Photos of Samples and Labels/# & B8 F &FriR

Battery//#iith  (EP096636PFB1 96V 636,8Ah 61,13 kWh)

LTC-R-4279-UN38.3-B2

~ZN\

V4
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Photos of Samples and Labels/# & B8 F &FriR

Component Cell/ NG (JF2 3,2V 159,2 Ah 509,44Wh )

LTC-R-4279-UN38.3-B2
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38.3.4 Procedure/ R0 B —
Test T.1: Altitude simulation/i&R% T.1: =HEEH

Test cells and batteries shall be stored at a pressure of 11,6kPa or less for at least
six hour at ambient temperature (20+£5°C)/ ¥ FE & FI L AR IR BE  20+5°C, KAE

38.34.1

JIAAKT 11,6kpa KRBT I AE A>T 6 A/

Requirement/frEE R .

1 Cells and batteries Mass loss limit: <0,1% /¥
R E#1K<0,1%

2 Open circuit voltage not less than 90%, The
requirement relating to voltage is not applicable to
test cells and batteries at full discharged states.

FE b 56 5 T #% F S B2 AR T 5% BT T 2% FEL S 1)
90 % , ML B SR ANIE FH T 58 4 8056 FEL IR L b AT FL R

3 No leakage, no venting, no disassembly, no
rupture and no fire FEdh CHLIL) BEIRW. CHE
A TofiAA S TCRER A I E K IR KA

The samples b1#~b4# :

No leakage, no venting, no
disassembly, no rupture and
no fire/4 54 b1#~ba# (1 Ff
M LR, EHEAR. G
. TR UL R T KR
The data is shown in Table

1. 18hE WA 1

38.3.4.2

Test T.2: Thermal test/i&% T. 2: I8 R4

Test cells and batteries are to be stored for/ FLib 77 ik 26 1F U1 T

1 For small cells and batteries: one temperature cycle: 72+2°C(6h) —-40+2°C(6h)
[T /NRL RS . — IR BB 9 7242 °C(6h) —-40+2°C(6h)

For large cells and batteries: one temperature cycle: 72+2°C(12h) —40+£2°C(12h)
I3 T R BRIt . — IR EEIE IR 9 7222°C(12h) —-40+£2°C(12h)

2 The maximum time interval between test temperature extremes is 30 minutes/iz

JEE i 46 g5 K 8] B IS T 9 30min

3 This procedure is to be repeated 10 times/= & 10 {XfEH

4 after which all test cells and batteries are to be stored for 24 hours at ambient
temperature (20+5C)/{EH 45 f5, HMTE 20+5°CIIZM T W E 24 /N

Requirements/frifE £ 3K

1 Cells and batteries Mass loss limit: <0,1% /¥
JitE 151 :<0,1%
2 Open circuit voltage not less than 90%, The

requirement relating to voltage is not applicable to
test cells and batteries at full discharged states.

(ETRE A 2 WA N [ O el A 1 WA ]
90 % , M SR AN ] T 58 4005 L A R T MT LA

3 No leakage, no venting, no disassembly, no
rupture and no fire

Fedh CRLD) NEIRW. R, k. TomsR
LA T KILG I R A

The samples b1#~b4# :

No leakage, no venting, no
disassembly, no rupture and
no fire/%m'5 N bl#~ba# i ¥
M LIRS EHER. TG
. TR VLR TCH KR
The data is shown in Table

1.1ElE WA 1

LTC-R-4279-UN38.3-B2

N | foziM |

=

I
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38.3.4.3

Test T.3: Vibration/i&%: T. 3: #&R3)

1 Cells and batteries are firmly secured to the platform of the vibration machine /H,
AR 7 [ M 2 AR R BN 5 (G b

2 The vibration: a sinusoidal waveform with a logarithmic sweep between 7Hz and
200Hz and back to 7Hz traversed in 15 minutes/#E3) LLIESZ K, LL 7HZ #40
£ 200Hz, RJGLENRA AR THZ 9—MER, — DMERFFS: 15 705 R Hofe 4%
3 For cells and small batteries: from 7 Hz a peak acceleration of 1gn is maintained
until 18Hz is reached. The amplitude is then maintained at 0,8mm (1,6mm total
excursion) and the frequency increased until a peak acceleration of 8g, occurs
(approximately 50Hz). A peak acceleration of 8g, is then maintained until the
frequency is increased to 200Hz. / Xf T HUSFI N B : A 7HZ JF4G, DL 1g, (R0
EIEERFFAA, EFEE] 18Hz. RERKIRIEREFE 0,8mm Calfw 1,6mm)

I HARIE I E B I 89, U E (K% 50HZ) . SRJGTRFE 8gn HUEAE hiiE
B, BRGNS 200Hz.

For large batteries: from 7Hz a peak acceleration of 1g, is maintained until 18Hz is
reached. The amplitude is then maintained at 0,8mm (1,6mm total excursion) and

the frequency increased until a peak acceleration of 2g, occurs (approximately
25Hz). A peak acceleration of 2g, is then maintained until the frequency is

increased to 200Hz. / XI T RAHL: M 7Hz JF4GE, DL g, PIUEEINIEFE IR A
2, PIRIAE] 18Hz. SEAHRIEGRFFE 0.8mm GRS 1,6mm) F ELAE R I EL
I 29, FIEE IR (K2 25Hz) o SRS IREF 29, UEE IS, H 21420
Jn%| 200Hz.

4 This cycle repeated 12 times for a total of 3 hours for each of three mutually
perpendicular mounting position of the cell. One of the directions of vibration must
be perpendicular to the terminal face. /LI 5 )2 rh— N5 ) 06 2 2 T BLRE Sl A
P, XA S A A EAR LA TT ) EAEFR 12 IR, BT 3 AN, 359 /)
o

Requirements/frifE £ 5K

1 Cells and batteries Mass loss limit: <0,1% /¥
Jii & 451 5<0,1%

2 Open circuit voltage not less than 90%, The
requirement relating to voltage is not applicable to ) N .
tegt cells and batteﬁes at fullgdischargegpstates. r;o f"%fg%j\j 32;1:2)4#521;3
P00 5 TP B PR BRI T R HTT B LRI | ) 1) e b o
90% JLER B FIEEE MM BIMA R L, The data is shown in Table
3 No leakage, no venting, no disassembly, no .

rupture and no fire 1/ HA

Feal CRbD) NIRRT e, oz
AL T KGR HIKE

The samples b1#~b4#:

No leakage, no venting, no
disassembly, no rupture and

LTC-R-4279-UN38.3-B2
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Test T.4: Shock/iR%: T. 4: vhdy

1 Test cells and batteries shall be secured to the testing machine/LL £ & 46 42 [
SE AT AR HL RSN L LR ot ) A SRR D

2 Each cell shall be subjected to a half-sine shock of peak acceleration of 150 g,
and pulse duration of 6 milliseconds. Large cells may be subjected to a half-sine
shock of peak acceleration of 50 gn and pulse duration of 11 milliseconds. / %}4f
AN DLEE g 1509, HIE IESZ A Inid sy, Bkoebdrs: 6 =80, KIHEHE %
B K INIH 509, FHK RS2 (] 11 =D 1) 2 E s s

Small batteries shall be subjected to a half-sine shock of peak acceleration of 150
100850

mass

milliseconds, large batteries shall be subjected to a half-sine of peak acceleration

30000
mass

gn (or Acceleration(g,)= [ j , which is smaller) and pulse duration of 6

of 50 g, (or Acceleration(g,)= ( j which is smaller) and pulse duration of

11 milliseconds/3 &4 Bt LU % 150g, (555 G“ij¢mﬁm@>m¥ﬁ
mass

THOLE R, B 6 25R, S i A4 2 B E 50g, (54
38.3.4.4 30000 ‘ \ . .
( j¢%ﬁ¢ﬁ)ﬁ%ﬁ%ﬁﬁ@1r%@%¥£%ﬁﬁﬁo

mass

3 Each cell or battery shall be subjected to three shocks in the positive direction
followed by three shocks in the negative direction of three mutually perpendicular
mounting positions of the cell or battery for a total of 18 shocks/4: A Hi i BY F it 2
JRAE = AR B WL 22 36 05 R IR D7 [ 2 52 = kb ily, BEEAE IR T 1R 252 =1k
i, RILRERZ 18 il
Requirements/Fr# 3R ; 5 _
1 Cells and batteries Mass loss limit; <0,1% /¥ 5 The SamF_)IeS_M# bd#

R B4 <0, 1% Acceleration= 8.6g,

No leakage, no venting, no
disassembly, no rupture and
no fire/%i 5 b1#~ba# (1 Ff
[m]

HA 2

2 Open circuit voltage not less than 90%, The
requirement relating to voltage is not applicable to
test cells and batteries at full discharged states.

FE it J5 T 2% U RSG5 1 T % LR 11 VT
90 % MERFEM T, | FHEIER= 86g,
3 No leakage, no venting, no disassembly, no | G TH. LA, L

rupture and no fire R UL T KIS
FeEa A MIETRR. BHES. KA. L2 | The data is shown in Table
VAR T KGR A R W3R

LTC-R-4279-UN38.3-B2
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Test T.5: External Short Circuit/iR% T.5 FMEF4 5

1The cell or battery to be tested shall be temperature stabilized so that its external
case temperature reaches 57+4 C/{R¥FRIRMEIR FEAREAE 5744°C, DUH i Eg
HLIB A i SRR BEIA B 5744°C

2 the cell or battery shall be subjected to a short circuit condition with a total
external resistance of less than 0,1 ohm at 57+4°C, This short circuit condition is
continued for at least one hour after the cell or battery external case temperature
has returned to 57+4°C, or in the case of the large batteries, has decreased by half
of the maximum temperature increase observed during the test and remains below
that value. /44 IE AR /NT 0,1Q Y FLFH A1 B HEAT AT B, A b AR A0 T FE Pk
3| 57+4°C 2 G IRFFRHOIRES 1 /DL by XTI, FE et R A A 22 e e il
TEI— I LI 25 TR

3 the cell or battery must be observed for a further six hour for the test to be
concluded,

[3%F EL RS G FL L L 25— A5 6 AN/ A RE R Ak
Requirements/biiHEE K :

During the test and within six hours after test ,the The samples b1#~b4#
cells or batteries '

RIS R DL > 5 6 AN/, H e ke | MO disassemply, no rupture
AR R LR 25 6 N, shisiife | 00 CSASSERR 10 DS

38.3.4.5

]
" n fRESh: ToMR. TERZLLR
1. External temperature not exceed 170°C K2 KI5

SRR 170°C The data is shown in Table
2. No disassembly, no rupture and no fire. 1.8 L2 1

Ttk TR MTE KIMERE.

LTC-R-4279-UN38.3-B2

i
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38.3.4.6

Test T.6: Impact / Crush / &5 T.6: EH/FIE

Impact (applicable to cylindrical cells not less than 18mm in diameter) /

fady GEMTEEA/NT 18 Z K BAEE Ht)

1 This test sample cell or component cell is to be placed on a flat smooth surface/
FEIRIGAE s FH ) FEO BB S ) RS TR E — SP3BT Y- 1 |

2 A 15,8 mm diameter bar is to be placed across the centre of the sample, A 9,1kg
mass is to be dropped from a height of 61+2,5cm onto the sample./ s —E &N
15,8mm FIAGAN R FER S il b SRCE S, K — iR 9,1kg HIPIAR M 614£2,5cm
P e B 8 ) B

3 The test sample is to be impacted with its longitudinal axis parallel to the flat
surface and perpendicular to the longitudinal axis of the 15,8 mm = 0,1mm
diameter curved surface lying across the centre of the test sample. Each sample is
to be subjected to only a single impact./ #532d; RFE, 4R 57 H 1) R 17
T ERBHE R D EAE 15,840,1 Z KB MRITNAMEE. & MlHERAL
T

Requirements/FruEZR :

1 Cells external temperature not exceed 170°C.H,
A B HEL Y ) o e 2 T IR S ML AN 170°C

2 No disassembly, no fire within six hours of this -
test

IR HRIG 6 NI ZHN, BEHERESY RGN T
RN E KR A

N/A

Crush (applicable to prismatic, pouch, coin/button cells and cylindrical cells less
than 18mm in diameter)

[ B GERTAAEE . 8% W/ ddn it M B AR/ T 18 K R AEE f i)

1 A cell or component cell is to be crushed between two flat surfaces. The
crushing is to be gradual with a speed of approximately 1,5 cm/s at the first point
of contact. The crushing is to be continued until the first of the three options below
is reached. / Kf FL it BT LM TBCAE PRSP T Z A BF I, ¢ D BEIZH R, 12256
—N R B EER LY 1,56 BRI BRERRSEET, EEIHBILL R =g
(a) The applied force reaches 13 kN + 0,78 kN. / Jiti fin i) /7i% %] 13 T-4:+0,78 T4
(b) The voltage of the cell drops by at least 100 mV,/Hiith L JE T BE 22> 100 24k
(c) The cell is deformed by 50% or more of its original thickness./ it 45 1A 7 4f
JEPEE 1) 50% VL I

2. A prismatic or pouch cell shall be crushed by applying the force to the widest

side. A button/coin cell shall be crushed by applying the force on its flat surfaces.
For cylindrical cells, the crush force shall be applied perpendicular to the

longitudinal axis. /451 5480 rth B A B B 10— TR o 240 /48 T T2 i ity 2 A G
SIS T i o AT RN S Gl L D 190 it .

Requirements/Fr# 5K ;
1 Cells external temperature not exceed 170°C.Hi Thedgamples §|1#~°;O#: ire
A5 P 2 T A 170°C e g S
2 No disassembly, no fire within six hours of this é’ﬁzﬁj‘j CcT#~c10#FF il L
test filth. T KIS
RIAHUR 6 /N2, AR AR | oNS (88 8 shown In Table
AT KIRR KA '

LTC-R-4279-UN38.3-B2

RV 4

-
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Test T.7: Overcharge/iR% T. 7: T ERH

1 The charge current shall be twice the manufacturer’s recommended maximum
continuous charge current/ LA 2 % il it | HHEFF 1 e R 4725 78 F FEL G il 78
2 The minimum voltage of the test shall be as follows/ AR 46 £ /)N H -

a) When the manufacturer's recommended charge
voltage is not more than 18V, the minimum
voltage of the test shall be the lesser of two times
the maximum charge voltage of the battery or

22VI R FAMEFERK R s AR 18V, AR
6 P B2 /0N 78 FEL RS N ) 5 S B K G L R LS T
FEECE & 22V BN

b) When the manufacturer’'s recommended charge
voltage is more than 18V, the minimum voltage of -
the test shall be 1,2 times the maximum charge
voltage/ 4R ZKHEFR 78 i I 18V, A
56 1) o /0> 70 LR S S [ bR SE B K A HE RS Y
1,2 f5.

3 Tests are to be conducted at ambient
temperature 20£5°C, The duration of the test shall
be 24 hours/20+5°C MR EE T, RIS HF4EE 24 /)
i o

Requirements/Fruk 5K :

No disassembly and no fire within seven days of
this test -
ISR PRI S 7 RN, BOG#ARFIG
HRIMB KA.

38.3.4.7 N/A

Test T.8: Forced discharge/iA%: T. 8: &K H

Each cell shall be forced discharged at ambient temperature by connecting it in
series with a 12 V D.C. power supply at an initial current equal to the maximum
discharge current specified by the manufacturer,

205 CIMPAEEIR TS, KA HUEIERAE 12V B AL IR AT o os, Bt ER
HLYR IR A28 B FR AT AR FL IR RIE | 48 58 1 S KB FL AT

The specified discharge current is to be obtained by connecting a resistive load of
the appropriate size and rating in series with the test cell. Each cell shall be forced
discharged for a time interval (in hours) equal to its rated capacity divided by the
initial test current (in ampere)

Fi 7€ F 0 HE A IR IE I R DEAE R LS B Bl NI R S BRI, A
SRR ] N e FERR DTG B (25

38.3.4.8

Requirements/fi i K The samples c11#~c30#:

No disassembly and no fire within seven days of | no disassembly and no fire/

this test 5N c11#~c30H# I FE i -

RIRE AR RGP AR 7 KA, MTCMART | BWE. TH KRR

BRIME R . The data is shown in Table
3.8 WAE 3

LTC-R-4279-UN38.3-B2

N A o« N\ L
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Table1: T1~T5/ % 1. il 1~i%: 5

. Test T.5:
M .
prai.(S)f Oocv Tes;i;'jl'a'?‘ig'rt#de Test T.2: Thermal test/ Test T.3; Vibration/ Test T.4: Shock/ External Short
Sample | PTOL | priorto | 0 R T2 BERR R T.3: 3 SRY T4 et Circuit/iR %
No test A& RHT.1: LA il
enm | RE T.5 S sE RS
=TI ¥R ORI Mass OCV Retention Mass OCV Retention Mass OCV Retention Mass OCV Retention Temp. (C)
k)\E JE(V) Loss(%) Ratio(%) Loss(%) Ratio(%) Loss(%) Ratio(%) Loss(%) Ratio(%) :Elﬁ;p'uc
(kg) R (%) | MU E(%) | FEI) | BIERE %) | RS %) | HERM) | FEE(%) | R (%) i/ (C)
o1 40%50 100200 | 0,000 100,00 0,000 100,00 0,000 100,00 0,000 100,00 57,1
b2t | %00 | 100300 | 0,000 100,00 0,000 99,70 0,000 100,00 0,000 99,90 57.2
b3t | 4950 | 100300 | 0,000 100,00 0,000 99,80 0,000 99,80 0,000 100,00 57,1
batt | 4%%0 | 100200 | 0,000 100,00 0,000 99,90 0,000 99,90 0,000 99,90 574
Table2: Crush /3 2:3 &
st T Sa;;‘:%e;o' c1# ot c3# cat c5# co# cT# c# co# c10#
CfTug_h;*J;% SOt 3301 | 3301 | 3301 | 3301 | 3301 | 3302 | 3301 | 3302 | 3301 | 3301
. . I S —JW N,
Temp. (€) 25,2 25,4 25,5 25,1 25,2 25,3 25,3 25,2 25,1 25,2
Table 3: Forced discharge / % 3. 5 i H
Saj;i%e;"' c11# c12# c13# cl4# c15# cl6# c17# c18# c19# c20#
Test T.8: -
Forced /O‘CVA@%};’ t\‘;’St 3,009 3,009 3,009 3,009 | 3,009 | 3,009 3,009 3,009 3,009 3,009
discharge / ST (V)
R 7.8 3 Sample No. c21# 224 c23# c24# c25# co6# c27# c28# C20# c30#
%IJWEE ﬁé \[ais2
OCVpriortotest/ | 4 4 3,009 3,009 3,009 | 3,009 | 3,009 3,009 3,009 3,009 3,009
I AT E (V) ’ ’ ’ ’ ' ’ ’ ’ ’ ’

LTC-R-4279-UN38.3-B2

A WA\ 4
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T = 0
Important

1. ey Jora I B A7 B 55 0 R0
The test report is invalid without the seal of CVC.

2. REKRAEEBEFEIE, AR H AR
Nobody is allowed to photocopy or partly photocopy this test report
without written permission of CVC.

3. AR AAEN . AR N KAl N2 44 TR
The test report is invalid without the signatures of Ratifier, Reviewer
and Testing engineer.

4. AAREIRBTICR .

The test report is invalid if altered,

5. XPRlAR A A A, BT U B 22 R TR P Al A R H
Objections to the test report must be submitted to CVC within 15
days.

6. AR A DO E ARG A7 5T
The test report is valid for the tested samples only.

7. HERAC R R HEEA R, PR, PRl
NIAFR TG
As for the Verdict, “-” means “no need for judgement”, “P” means
“‘pass” , “F” means “fail” and “N/A” means “not applicable”.

w5 IR LA CMA BT NS, AR RIZ A PRI, O AR A2 Ji e ™
The test data and test results given in this test report should only be used for purposes of scientific
research, teaching and internal quality control when the CMA symbol is not presented.

o ke TRAETOMTREAROT R KERE 3T
JTRAT MRS RS 179 S HHESEZRE D H Gl £

Lab Address: No.3, Tiantai 1st Road, Kaitai Avenue, Science City, Guangzhou, Guangdong, China.

Testing Location: Building D, BASIGO INTELLIGENT, No.179, Guangpu East Road, Huangpu District,
Guangzhou, P. R. China.

. 1f(Tel): 020 32293888 e B 2w % (Post Code): 510663

f&  F(FAX): 020 32293889 E-mail: office@cvc.org.cn

http://www.cvc.org.cn



UN38.3 Lithium Battery (Cell) Test Summary

UN38.3 £ i b (F. 30 ) iR I A

No. : RZUN2024-5420-TS

Cell or Battery Information B yt/ea:fE 2

Other Physical Description:

N PR

Name £ #5x: Rechargeable lithium-ion battery
Type/Model 245 #ik%: | EP096636PFB1 96V 636.8Ah 61.13 kWh
Color Fifh: White / A

Shape FZIR: Prismatic/ i

Completed Battery/Cell Mass

402.500kg ~ 409.500kg —

FEL b/ SO AR
Belongs to Lithium-ion Battery/Cell, the Wh rating is
X 9 y 9 61.13kWh

J& THE T i/ il TN HCh

[l

Belongs to Lithium metal Battery/Cell, the Lithium content is
BTHES RIS, #EREEN

Manufacturer Information #l3EFi{s 82

Manufacturer: LG Energy Solution, LTD.

1l 7 -

Address: 188, Muniji-ro, Yuseong-gu, Daejeon, 34122, Republic of Korea
bk

Telephone Hiif:

+82-10-8215-8219 | Email HLHE:

| doheo@lgensol.com

Website [#3i:

www.lgensol.com

Laboratory Information KJiliA% =15 B

Laboratory: CVC Testing Technology Co., Ltd.

BRI | B NEARG PR A 7

Address: No.3, Tiantai 1st Road, Kaitai Avenue, Science City, Guangzhou, Guangdong, China.

Hiuhik: Building D, BASIGO INTELLIGENT, No.179, Guangpu East Road, Huangpu District, Guangzhou, P. R. China.
JTRABT MR R KIE R — % 3 5
JTRAT MR X el AR 8% 179 5 B Hm A D #

Tel Hiif: | +86-20-32293888 | Email HLHI: | office@cvc.org.cn | Website Mt | http://www.cvc.org.cn

UN38.3 Test conducted and results UN38.3 #Z0Wi H M4t 35

Test Report ID il % 4 5 : ‘ RZUN2024-5420

Date of Test Report £l 4k 745 & H#A:

| 2024-09-09

Manual of Test and Criteria version / amendment:

R AR HET MRS 5 ME TR :

ST/SG/AC.10/11/Rev.8/Section 38.3

List of Tests Completed ©58HHIR T B iEH

Test Items Pass Fail Reference to assembled battery testing requirement:
g8 I H i | R KT HA Hb I T K

X T.1 Altitude Simulation 7 /3 £, D L] X Not applicable

X] T.2 Thermal Test L% ik X L] AiE H

X T.3 Vibration #%3/) X ] 0 Applicable, reference to 38.3.3 (f)

X T4 Shock i X L] EHT 38.3.3 (f)

X T.5 External Short Circuit #h#3%d X Ll [ Applicable, reference to 38.3.3 (g)

X 1.6 Impact/ Crush it/ $/% X L] & T 38.3.3(g)

[] T.7 Overcharge i [Z 7 Ol ] Other executive standards/HAB3ATFx#E:

X T.8 Forced Discharge 3 il it i D L]

Note: The test results of this summary are only valid for the tested samples listed in test report RZUN2024-5420.

B BB RIR LS ROOTIRIR & RZUN2024-5420 F151) H 5 00ARE 5 A 2%

Title/HR

Signatory/Z£ & A\

Manager/Z: #

; B.7% .
£ ' (kIR

Seal of CVC

CVC #% &

CVC-QR-3101.0
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INSPECTION
CNAS IB0011

BREREEERE T

Classification and Identification Report for Transport

Page 1 of 6 Pages

No.: UN2024-5420-1

S >

WK (LP903)
Dangerous Goods Class 9 (LP903)

iz 5 H R Period of validity: 2024-12-31
By Sea

oW K. -

EP096636PFB1 96V 636,8Ah 61,13 kWh

Sample Name............ ; Rechargeable lithium-ion battery

EP096636PFB1 96V 636,8Ah 61,13 kWh

T K B A......... : -

Commissioner .......... : LG Energy Solution, LTD.

BANEARFRA A
CVC Testing Technology Co., Ltd.



Bk EE R G

Classification and Identification Report for Transport

Ref. No.: UN2024-5420-1 Page 2 of 6 Pages
Fanf‘@/Samplelnformatlon
FER TR ool -
Sample name..............................  Rechargeable lithium-ion battery
L2 7)) /Battery Category .........  #12F Hi/Lithium-ion batteries
Fh Y 5 Bi 4% /Battery Type......... EP096636PFB1 96V 636,8Ah 61,13 kWh
SN it Appearance............ . Af [ White
ZFE A1/ Commissioner information
52 oL L 1Y A -
Commissioned by ..................... LG Energy Solution, LTD.
#H3& i /Manufacturer information
Manufacturer .............................. LG Energy Solution, LTD.
345 B/Package information
£ 1 5 B /Package weight ......:.  466,5 kg
iyl 4 i/ Battery net weight .....: 410 kg
i~ %1/ Battery Number .......... 1 pc
344 R~} /Package size ...........  2200mm * 1030mm * 460mm
B [E]{& B/ Date
%5 5% HH#A/ Inspection date........... 1 2024-07-22 ~ 2024-09-04

5 %0/ Period of validity ....:  2024-12-31

X eMkH#E/Inspection refer to..
[ bt 123 CE PRz ai sy (2022 f§oD
IMO INTERNATIONAL MARITIME DANGEROUS GOODS CODE (2022 Edition)

%458/ Conclusions
1. E#i4&#/Proper Shipping name:
— Lithium ion batteries
2. B EIRAI/ Hazards identification
— #5J1J¢ UN3480/ Class 9 UN3480
3. B3ERFA IMDG CODE (Amdt. 41-22) 2022 fRAE3EFN LP903 HE R/ Package complies with the
Packing Instruction LP903 of IMDG CODE (Amdt. 41-22) 2022 Edition.
— AR LA 1 ()R . [ The package meet the Packing Group Il performance standards.

BRAH: EEPAL
Issue Date: 2024-09-09 (Seal of CVC)
ik ik B RR % M= AN LIS(ERT

Approved by: 2K 3. 7% Reviewed by: ﬁ'rr i Inspected by: }ﬁ

"':_'.'\

[ TN



Ref. No.: UN2024-5420-1 Page 3 of 6 Pages

(CTESE YA EEN Lk AT

Inspection results and other information

AR AR I D B S [ RIS AARAE T 58 =500 58 38.3 Ty AAHR IR ZE K . UN38.3 il
AR g5 AR E 1% 5 . RZUN2024-5420 / RZUN2024-5420-TS).

The Lithium cells/batteries listed in the report are of type proven to meet the requirements of each test
in the UN Manual of Tests and Criteria Part Ill subsection 38.3. The UN38.3 test report and test
summary numbers are RZUN2024-5420 / RZUN2024-5420-TS|.

AR AL (HPRE R TR (41-22) 2022 8 2.9.4 (5) ALEHIR RTELA Al
bl

2 Lithium cells and batteries listed in this report were manufactured under the quality management
program as described in IMDG CODE (Amdt. 41-22) 2022 Edition 2.9.4 (5).
3 AR I A RV R AT S 2 PR 905 R A I
Lithium cells and batteries listed in this report are properly protected so as to prevent short circuits.
AR PR A R 2 £ i 57 4 P HL ) P A 2 T A U AL
4 Lithium cells and batteries listed in this report are packed in inner packagings that completely enclose
the cell or battery then place in a strong outer package.
HYE:
Remarks:

AR g S DA N R

Throughout this report a comma is used as the decimal separator.

CVC-QR-301 2.0
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A

Photos of Samples

Hijtti/ Battery(EP096636PFB1

96V 636,8Ah 61,13 kWh)

CVC-QR-301 2.0

>

\
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A A

Photos of Packages

£ 254/ Package

CVC-QR-301 2.0
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R F W
Important Notice
1. REE MBI AR A R

This report is valid for the tested samples only.

2. FFNTRMEHRE S S sehris a6 — 2
The goods applied for shipment must be in conformity with the
tested samples.

3. AEEME s g BAEIE AL
This report is invalid without the seal of CVC.

4. REFEMEBIAMMEN . HIRNSAGR N TR
This report is invalid without the signatures of Ratifier, Reviewer
and Inspector.

5. AR BIRSTLRL
This report is invalid if altered.

6. A% ot A AR ER L R R AR OR &V R RIS
HIEBITER, AFREAR TR, B A AT iaE.
The original softcopy or hardcopy of this report is the only valid
version. Any form of unauthorized copy of the report is invalid,
including but not limited to photocopies, faxes and scanned
documents.

FANE 3 Ol T I W S O = I 1 T 7 =1 A e L v
http://www.cvc.org.cn #1T4% 52
This appraisal report can be verified by scanning the QR code on
the cover or on the website http://www.cvc.org.cn.

il

e dke BE TN RFEEOT R KE KRR % 3 5

Address: No.3,Tiantaiyi Road, Kaitai Avenue, Science City, Guangzhou,
P. R. China.

H 15 (Tel): (020)32293888

& F(FAX): (020)32293889

HE B 2k L (Post Code): 510663

E-mail: office@cvc.org.cn

http://www.cvc.org.cn

CVC-QR-301 2.0
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UL 9540A Report Report Issued :
Cell Level Report Revised :

CELL TEST REPORT
UL 9540A
Test Method for Evaluating Thermal Runaway Fire Propagation
in Battery Energy Storage Systems (AACD)

Project Number..........ccccevrriiiinnnnnna 4791256609

Date of iSSU€ ......coovicirreeeceen ] 2024-10-09

Total number of pages...................: 39

UL Report Office .....ccccccmrrrrriiiccnnnnat UL Solutions Korea

Applicant’s name..........ccocceceeennnn LG ENERGY SOLUTION, LTD.

AdAress ..o 188, MUNJI-RO, YUSEONG-GU DAEJEON, 34122 REPUBLIC OF
KOREA

Test specification: 4th Edition, Section 7, November 12, 2019

Standard..........ccocniiiiinicn : UL 9540A, Test Method for Evaluating Thermal Runaway Fire
Propagation in Battery Energy Storage Systems

Test procedure ........ccceeeeeennnnnnnnnna 71,72,731,74,761,7.7

Non-standard test method ...........: N/A

Copyright © 2024 UL Solutions All Rights Reserved.

General disclaimer:

The test results presented in this report relate only to the sample tested in the test configuration noted on the
list of the attachments.

UL Solutions did not select the sample(s), determine whether the sample(s) was representative of production
samples, witness the production of the test sample(s), nor were we provided with information relative to the
formulation or identification of component materials used in the test sample(s).

The issuance of this report in no way implies Listing, Classification or Recognition by UL and does not
authorize the use of UL Listing, Classification or Recognition Marks or any other reference to UL on the
product or system. UL Solutions authorizes the above named company to reproduce this Report provided it is
reproduced in its entirety. UL's name or marks cannot be used in any packaging, advertising, promotion or
marketing relating to the data in this Report, without UL's prior written permission.

UL Solutions, its employees, and its agents shall not be responsible to anyone for the use or non-use of the
information contained in this Report, and shall not incur any obligation or liability for damages, including
consequential damages, arising out of or in connection with the use of, or inability to use, the information
contained in this Report.

UL 9540A Form Issued : 2019-12-27
Rev. 5 Form Revised :2021-05-04
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Cell level information

Model NO ... e :

JF2

Ratings (Vdc, Ah) .......cccoerrrrrrnneeee :

3.2 Vdc, 159.2 Ah

Chemistry of test item..................:

LiFePO4+C6

< LiC6+FePO4

Original Equipment Manufacturer (OEM): LG ENERGY SOLUTION, LTD.
Branding Manufacturer (if not OEM): N/A
Was the cell certified? ........cccoiiiiiiiiiiil Yes

Standard test item certified to ...............:

UL 1973 Annex E

Maximum pressure (Pmax) psig:

Organization that certified test item .......: UL Solutions
(File Number : MH63736)

Average cell surface temperature at gas venting, °C: 128.9
Average surface temperature at thermal runaway, °C: 209.6
Gas Volume: 64.0
Lower flammability limit (LFL), % volume in air at the ambient 7.4
temperature
Lower flammability limit (LFL), % volume in air at the venting 6.6
temperature
Burning velocity (Su) cm/s: 85.6

98.9

Cell Gas composition

Gas Measured %
Hydrogen 59.3%
Carbon monoxide 10.0%
Carbon dioxide 22.4%
Methane 3.68%
Ethane 0.53%
Ethylene 2.53%
Acetylene 0.16%
Propane 0.12%
Propene (Propylene) 0.26%
C4 Total 0.40%
C5 Total 0.12%
C6 Total 0.39%
C7 Total 0.04%
C8 Total 0.06%
Benzene 0.09%
Toluene 0.01%
Xylene 0.01%
Total 100%

UL 9540A, Edition 4
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Cell failure test method performed (summary of method and test clause):
External heating using thin film with 4°C to 7°C thermal ramp.

Nail Penetration

Overcharge

External short circuit (X Q external resistance)

Flow Battery with 2 active electrolyte methods

Flow Battery with 1 active electrolyte methods
Others

OOO000O0OK

Description of method used to fail cells if other than external thin film heater with thermal ramp, :
N/A

Summary of testing:

Performance Criteria in accordance with Clause 7.7 and Figure 1.1:

[ 1 Thermal runaway was not induced in the cell; and

[ 1 The cell vent gas did not present a flammability hazard when mixed with any volume of air, as
determined in accordance with ASTM E918 at both ambient and vent temperatures.

Necessity for a module level test

[X] The performance criteria of the cell level test as indicated in 7.7 of UL 9540A 4th edition has not been
met, therefore a module level testing in accordance with UL 9540A will need to be conducted on a complete
module employing this cell.

[ 1 The performance criteria of the module level tests as indicated in 7.7 of UL 9540A 4th edition has been
met, therefore a module level testing in accordance with UL 9540A need not be conducted.

Testing Laboratory information

Testing Laboratory and testing location(s):

Testing Laboratory: UL Solutions

Testing location/ address.........c.ccceeecineeens : 333 Pfingsten Rd. Northbrook, Il
606626 USA

Tested by (name, signature).............cccuuceee. : Miguel Berumen

Witnessed by (for 3" Party Lab Test Locatlon) -- --
(name, signature) .........cccceceeerriniernnnnneeennnns :

Project Handler (name, signature).............. : Leon Lee _éfm ..fec
i i Nicholas Voss /] /
Reviewer (name, signature) i ;"/’W Vo
Gas Analysis Testing Laboratory:
Testing location/ address.......ccccccvvveccnncenns : UL Solutions
333 Pfingsten Rd. Northbrook, II
606626 USA
Project Handler (name, signature)............. : Anirudh Lakshmi Narasimhan
Reviewer (name, signature) ................: Nicholas Voss

List of Attachments (including a total number of pages in each attachment):

UL 9540A, Edition 4
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Attachment A: Cell Conditioning (Charge/discharge) Profiles - (Pages 17 through 21)
Attachment B: Cell Instrumentation Photos - (Pages 22 through 27)

Attachment C: Cell Temperature Profiles during testing - (Pages 28 through 30)
Attachment D: Cell Testing Photos - (Pages 31 through 35)

Attachment E: Cell Test Datasheets - (Pages 36 through 36)

Attachment F: Cell vent gas test chamber photo and profile of chamber gas analysis (O2 and Pressure) -

(Pages 37 through 38)
Attachment G: Certification Requirement Decision - (Pages 39 through 39)

UL 9540A, Edition 4
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Photo of cell/Stack:

Test Item Charge/Discharge Specifications:*

Charge current, A:

39.8

Standard full charge voltage, Vdc:

3.65

Charge temperature range, °C:

0to45

End of charge current, A:

7.96

Discharge current, A:

39.8

End of discharge voltage, Vdc:

2.5

Discharge temperature range, °C:

0to45

! Cell samples were conditioned by charging them to the standard full voltage of 3.65V
and then discharging them to the end of discharge voltage of 2.5V as specified by the
manufacturer. Although the cells for top off were charged to 4.1V, standard full charge
voltage was considered to be 3.65V and the end of discharge voltage was considered to
be 2.5V.

UL 9540A, Edition 4
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Test item particulars

Possible test case verdicts:

- test case does not apply to the test object........... i NA

- test object does meet the requirement ................. : P (Pass)

- test object does not meet the requirement........... ;. F(Fail)

- test object was completed per the requirement....  C(Complete)

- test object was completed with modification......:  M(Modification)
Testing

Date of receipt of test item ........ccccocccerrcrrrccnrccenneen. : 2024-05-10

Date (s) of performance of tests........cc.ccceecmrerrecnncn :

2024-06-18 to 2024-07-03

General remarks:

"(See Enclosure #)" refers to additional information appended to the report.
"(See appended table)" refers to a table appended to the report.

Throughout this report a point is used as the decimal separator.

Manufacturer’s Declaration of samples submitted for test:

The applicant for this report includes samples from more
than one factory location and a declaration from the
Manufacturer stating that the sample(s) submitted for
evaluation is (are) representative of the products from
each factory has been provided ...

X Yes
] Not applicable

Name and address of factory (ies).......cccccrvrruncen. :

1. LG ENERGY SOLUTION, LTD. OCHANG PLANT
29, GWAHAKSANEOP 3-RO, OKSAN-MYEON,
HEUNGDEOK-GU, CHEONGJU-SI,
CHUNGCHEONGBUK-DO, 28122, REPUBLIC OF
KOREA

2. LG ENERGY SOLUTION TECHNOLOGY
(NANJING) CO., LTD.

NO 16 HONGLI ROAD, JIANGNING STREET,
NANJING, JIANGSU, 211100, CHINA

The samples submitted for evaluation were
manufactured in factory No.1, OCHANG PLANT.

General product information and other remarks:

JF2 is a rechargeable li-ion battery cell manufactured by LG ENERGY SOLUTION, LTD..
The cell is rated for 3.2 Vdc, 159.2 Ah. See table Critical components information for details.

UL 9540A, Edition 4
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UL 9540A, Edition 4
Clause Requirement + Test Result - Remark Verdict
5.0 CONSTRUCTION
5.1.54 Cell/Stack Construction —
5.1.1, 5.4.1 | Generic Chemistry: LiFePO4+C6 < LiC6+FePO4 =
Electrolyte Chemistry: LiPF6 salt + EC/EMC/DMC —
solvent
Flow Battery Electrolyte No. 1 Chemistry: N/A —
Max volume of system electrolyte No. 1, L: N/A —
Flow Battery Electrolyte No. 2 Chemistry: N/A —
Max volume of system electrolyte No. 2, L: N/A —
Separator Melt Temperature, °C: —
Format: Pouch =
Cylindrical /Prismatic /Pouch
Flow Battery Stack
Overall Dimensions, mm 125 mm by 601 mm by 18 mm —
(Max.)
Cell Weight, g (Max.) 2800g —
51.2 Cell Certification: Certified —
Standard Used for Cell Certification: UL1973 —
(File Number : MH63736)
Organization that Certified Cell: UL Solutions —
5.1.1, 5.4.1 | Cell/Stack Ratings: 3.2Vdc —
* Nominal Voltage, Vdc —
eNominal Capacity, Ah 159.2 A
5.4.1 Flow Battery: No. of Cells per Stack: N/A —
Flow battery system manufacturer: N/A —
Flow battery system model: N/A —
Flow battery system ratings, Vdc, Ah: N/A —
54.2 Flow battery system certified to UL 1973: N/A —
Organization that certified flow battery system: N/A —
6.0 PERFORMANCE Verdict
6.1 General
7.2 Samples

UL 9540A, Edition 4
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47912566094791256609
UL 9540A, Edition 4
Clause Requirement + Test Result - Remark Verdict
7.2.1 Samples conditioned through charge discharge See Attachment A for profiles C
cycling a minimum of 2 cycles. See Table 1 for specifications
722 100% SOC and stabilize from 1h to 8 h before testing
7.2.3 Pouch Cells constrained per end use during testing. | -- C
7.3 Determination of thermal runaway methodology
7.31 General
7.3.1.1 Ambient indoor laboratory conditions: See Attachment Table 3 C
25 +5°C (77 £9°F) Ambient indoor laboratory
<50 +25% RH at the initiation of the test. conditions are between 23.0 and
27.5°C
7.3.1.2 Heat the cell to thermal runaway by externally applied | See Attachment B C
flexible film heaters
Heater Dimension Width 540 mm by Height 90 mm
A surface heating rate of 4° C (7.2° F) to 7° C (12.6° | See Table 4. C
F) per minute was applied to the cell.
Maximum surface end point temperature, °C In accordance with Certification
Requirement Decision dated on
2020-05-20, no holding
temperature used for the test.
Please refer to Attachment G.
The following method(s) was employed to cause External heater applied N/A
thermal runaway:
] Mechanical (e.g. nail penetration);
] Electrical stress in the form of overcharging,
[] Electrical stress in the form of over discharging
[] Electrical stress in the form of external short-
circuiting
[] Use of alternate heating sources (e.g. oven).
] Other (explain)
7.3.1.3 Detail of test method when using another cell abuse | -- N/A
method to initiate thermal runaway
7314 Monobloc batteries such as a lead acid battery -- N/A
7.3.1.5 Estimated surface temperature at which internal short | -- N/A
circuiting within the cell will occur that could lead to a
thermal runaway condition.
7.3.16 The cell was heated until thermal runaway has Refer to Attachment C and D C
occurred.

UL 9540A, Edition 4
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Clause Requirement + Test Result - Remark Verdict
Another external heating method was used to cause | -- N/A
cell thermal runaway
7.31.7 The cell's exterior surface temperature was measured | See Attachment B C
7.3.1.8 The temperature at which the cell case vents due to | See Table 4 C
internal pressure rise was documented. See Attachment Cand D
7.31.9 The temperature at the onset of thermal runaway was | See Table 4 C
documented. See Attachment Cand D
If cell venting occurs first, the cell was heated See Attachment C C
continuously until thermal runaway occurs.
7.3.1.10 When using methods other than the heater method, |-- N/A
the stresses were applied to the cell until thermal
runaway occurs.
7.3.1.11 3 additional samples were tested using the same See Table 3,4 and 5 C
method and exhibited thermal runaway See Attachment Cand D
7.4 Cell vent gas composition test
7.4.1 Cell vent gas was generated and captured by forcing |Size of pressure vessel used: C
a cell into thermal runaway with the methodology 82L
developed in 7.3, inside a pressure vessel
Refer to Attachment F
The test was initiated with an initial condition of Refer to Attachment F C
atmospheric pressure and less than 1% oxygen by | Atmospheric pressure (psig):
volume.
0.007
Oxygen concentration measured
(% volume):
<1%
Refer to Figure F2
Inert gas used: Nitrogen
74.2 Cell vent gas composition was determined using Gas |Refer to Table 8 C
Chromatography (GC) Refer to Attachment F
Hydrogen gas was measured Refer to Table 8 C
The initial atmospheric conditions prior to testing were | Refer to Table 3 C
noted. Refer to attachment C and F
743 The lower flammability limit of the cell vent gas was Refer to Table 9 and 10 C
determined on samples of the synthetically replicated
gas mixture in accordance with ASTM E918, testing
at both ambient and cell vent temperatures.

UL 9540A, Edition 4
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Clause Requirement + Test Result - Remark Verdict
74.4 The gas burning velocity of the synthetically Refer to Table 9 and 10 C
replicated cell vent gas was determined in
accordance with the Method of Test for Burning
Velocity Measurement of Flammable Gases Annex in
ISO 817.
745 Pmax Of the synthetically replicated cell vent gas was | Refer to Table 9 and 10 C
determined in accordance with EN 15967.
7.6 Cell Level Test Report Information
7.6.1 Minimum information provided in the report for items C
a) through m)
7.6.2 Minimum information of items a) through k) was N/A
provided in the report for flow battery
7.7 Performance — cell level test
7.71 a) Thermal runaway cannot be induced in the cell; Thermal runaway was achieved F
and in all five cells by external heat
applied through flexible film
heaters.
Refer to attachment C and D.
b) The cell vent gas does not present a flammability | Cell vent gas found to be F

hazard when mixed with any volume of air, at both
ambient and vent temperatures.

flammable.
Refer to table 8.

UL 9540A, Edition 4
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Table 1 — Specified conditioning parameters

Charging: Discharging
Current (CC), A 39.8 Current (CC), A 39.8
Standard full charge voltage, 3.65 Voltage at start of discharge, Vdc 3.65
Vdc
End of charge current, A 7.96 End of discharge voltage, Vdc 2.5
Charging Test Ambient, °C 0to 45 Discharging Test Ambient, °C 01to 45

Refer to Attachment A for charge/discharge profiles for each cell.

Table 2 — Charge completion and cell test initiation times

Cell Test Number

Charge Completion Date and Time

Cell test Date and Time

1

2024-06-20, 08:14

2024-06-20, 09:16

2024-06-19, 10:09

2024-06-19, 13:44

2024-06-20, 08:29

2024-06-20, 10:28

2024-06-20, 08:41

2024-06-20, 13:58

2
3
4
5

2024-07-02, 08:50

2024-07-02, 11:26

Table 3 - Test Initiation Details

Cell Test 1 Cell Test 2 Cell Test 3 Cell Test 4 Cell Test 5
Test Date 2024-06-20 2024-06-19 2024-06-20 2024-06-20 2024-07-02
Test Start Time 09:16 13:44 10:28 13:58 11:26
Initial Lab Temperature | 23.0°C 23.0°C 27.5°C 27.5°C 23.0°C
Initial Relative Humidity | 80% 86% 63% 61% 66%

Table 4 - Thermal Runaway Results

Cell Test 1 Cell Test 2 Cell Test 3 Cell Test 4 Cell Test 5
OCV at start of test, Vdc | 3.93 3.86 3.95 3.78 3.77
Average Heating 6 6 6 6 6
Rate, °C/min
Venting Time after the | 00:23:05 00:22:58 00:23:06 00:23:44 00:23:27
test start
(hh:mm:ss)
Venting 128.1 129.4 124.4 134.0 132.7
Temperature, °C
Thermal Runaway Time | 00:36:55 00:37:56 00:38:32 00:36:20 00:38:16
after the test start
(hh:mm:ss)
Thermal Runaway 207.7 216.9 213.4 200.5 215.9
Temperature, °C

Refer to Attachment C for surface temperature profiles during testing
See attachment E for datasheets

UL 9540A, Edition 4
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Table 5 — Average Vent and Thermal Runaway Temperatures

Average of Cell Vent Temperatures, °C 128.9

Average of Cell Thermal Runaway Temperatures, °C 209.6

#Averages of cell tests other than the gas analysis test

Table 6 — Parameters Flow Battery

Total Electrolyte No. 2 Contained, L

Single Electrolyte Flow Battery: N/A
e Volume of Electrolyte Used for Flammability Determination, L N/A
e Percentage of metal particles representative of fully charged electrolyte | N/A
(% per volume of test electrolyte)
e Maximum volume of electrolyte for planned system, L N/A
Two Electrolyte Flow Battery: N/A
e Volume of Electrolyte No. 1 Used for Flammability Determination, L N/A
e Volume of Electrolyte No. 2 Used for Flammability Determination, L N/A
e Max. volume of electrolyte No. 1 in system, L N/A
e  Max. volume of electrolyte No. 2 in system, L N/A
Two Electrolyte Flow Battery: Method for charging electrolytes to activate them N/A
Electrolyte viscosity at 25°C (77°F), m?/sec of Electrolyte 1 N/A
Electrolyte viscosity at 25°C (77°F), m?/sec of Electrolyte 2 N/A
ASTM Method to Determine Flash Point: N/A
Abnormal test methods used for single electrolyte flow battery: N/A
Abnormal test methods used for two electrolyte flow battery: N/A
Representative flow battery system used for abnormal testing: N/A
e Manufacturer: N/A
e Model No.:
e Electrical Ratings, Vdc, Ah N/A
e Total Electrolyte No. 1 Contained, L N/A
o N/A

Table 7 — Results of Flammability Testing of Flow Battery Electrolyte

Flash Point Determined: N/A
Flash Point Temperature of electrolyte 1, °C: N/A
Test temperature of electrolyte 1,° C: N/A
Flash point temperature of electrolyte 2, °C: N/A
Test temperature of electrolyte 2, °C: N/A
Two electrolyte flow battery: Maximum temperature measured when mixing N/A
electrolytes, °C:
Maximum electrolyte temperature measured during abnormal testing, °C: N/A
e Short circuit test from UL1973:
e Overcharge test from UL 1973: N/A

UL 9540A, Edition 4
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Table 8 — Results of Gas Analysis (Excluding Oz and N2)

Gas Measured % Component LFL?

Hydrogen H2 59.3% 4.0 %
Carbon monoxide CcoO 10.0% 10.9 %

Carbon dioxide c0O2 22.4% -
Methane CH4 3.68% 4.4 %
Ethane C2H6 0.53% 2.4 %
Ethylene C2H4 2.53% 2.4 %

Acetylene C2H2 0.16% -
Propane C3H8 0.12% 1.7 %
Propene (Propylene) C3H6 0.26% 1.8 %

C4 Total® - 0.40% -

C5 Total - 0.12% -

C6 Total - 0.39% -

C7 Total - 0.04% -

C8 Total - 0.06% -
Benzene C6H6 0.09% 1.2 %
Toluene C7H8 0.01% 1.0 %

Xylene C8H10 0.01% -

Total - 100 -

Table 9 — Gas composition excluding the constituents with boiling points higher than 60°C*

Gas Measured % Component LFL
Hydrogen H2 59.30 4.0 %
Carbon monoxide CcoO 10.00 10.9 %
Carbon dioxide CO2 22.40 -
Methane CH4 3.68 4.4 %
Ethane C2H6 0.53 2.4 %
Ethylene C2H4 2.53 24 %
Acetylene C2H2 0.12 -
Propane C3H8 0.12 1.7 %
Propene (Propylene) C3H6 0.26 1.8 %
C4 Total (n-Butane) - 0.40 -
C5 Total (n-Pentane) - 0.12 -

2 Extracted LFL values from ISO 10156-2017

3 Average of n-Butane, 1-Butene, cis-Butene, trans-Butene

* The constituents with a higher boiling point were excluded for the flammability characteristic analysis as these
components will turn into a liquid state at room temperature and will not release from the gas bottle as a

homogenous mixture.
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Total - 100
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Table 10 — Properties of Vent Gas Analysis

Lower Flammability limit at Ambient Temperature, 25°C (% vol in air) 7.4

Lower Flammability limit at Vent Temperature, [ 128.9 °C] (% vol in air) 6.6
eries. aled to-maximum-electrolyte velume of system, N/A

air)

Flow Batteries; LFL-scaled-to-maximum-electrolyte volume-of system; N/A

Burning Velocity Measurement, Su cm/sec 85.6

Maximum Pressure Pmax, psig 98.9

UL 9540A, Edition 4
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TABLE: Critical components information
Object / part Manufacturer/ Type / model |Technical data Standard Mark(s) of
No. trademark conformity
Cell Model LG ENERGY JF2 3.2Vdc, 159.2 Ah  |UL 1973 Annex E | UL Solutions
SOLUTION, LTD. (File Number:
MH63736)

Separator — — Generic Material : — —

PE
Electrolyte — — LiPF6 salt + — —

EC/EMC/DMC

solvent
Case — — Material : Al Pouch — —

Case dimension :
601(L) x 125(W) x
18.1(T)mm, Case
material thickness
= 0.193mm Case
sealing material :
PP

UL 9540A, Edition 4
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Attachment A: Cell Conditioning (Charge/discharge) Profiles - (Pages 17 through 21)

Figure A1: Sample 1 - Cell Conditioning Profile

Figure A2: Sample 2 - Cell Conditioning Profile
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Figure A3: Sample 3 - Cell Conditioning Profile

Figure A4: Sample 4 - Cell Conditioning Profile
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Figure A5: Sample 5 - Cell Conditioning Profile

Figure A6: Sample 1- Charging and Topp-off Profile
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Figure A7: Sample 2- Charging and Topp-off Profile

Figure A8: Sample 3- Charging and Topp-off Profile
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Figure A9: Sample 4- Charging and Topp-off Profile

Figure A10: Sample 5- Charging and Topp-off Profile

UL 9540A, Edition 4
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Attachment B: Cell Instrumentation Photos - (Pages 22 through 27)

No. Thermocouple Location
TC1 Positive (+) Terrace
TC2 Negative (-) Terrace
TC3 Positive (+) Cell Body, serves to report venting and thermal runaway temperature
TC4 Negative (-) Cell Body, serves to report venting and thermal runaway temperature back up

TC5 Cell Side

TC6 Cell Side

TC7 Center 1, under heater, heater control

TC8 Center 2, under heater, heater control back up

*Note: Red area on the above picture is heater to induce thermal runaway.
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Picture description
(Cell #1)

Pictures

Cell with the TC

Cell with the TC & heaters

Cell with the jig installed before
testing
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Picture description
(Cell #2)

Pictures

Cell with the TC

Cell with the TC & heaters

Cell with the jig installed before
testing

UL 9540A, Edition 4
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Picture description
(Cell #3)

Pictures

Cell with the TC

Cell with the TC & heaters

Cell with the jig installed before
testing

UL 9540A, Edition 4
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Picture description
(Cell #4)

Pictures

Cell with the TC

Cell with the TC & heaters

Cell with the jig installed before
testing
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Picture description
(Cell #5)

Pictures

Cell with the TC

Cell with the TC & heaters

Cell with the jig installed before
testing
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Attachment C: Cell Temperature Profiles during testing - (Pages 28 through 30)

Figure C1: Sample 1 — Thermal Runaway & Vent Temperature

Figure C2: Sample 2 — Thermal Runaway & Vent Temperature
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Figure C3: Sample 3 — Thermal Runaway & Vent Temperature

Figure C4: Sample 4 — Thermal Runaway & Vent Temperature
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Figure C5: Sample 5 — Thermal Runaway & Vent Temperature
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Attachment D: Cell Testing Photos - (Pages 31 through 35)

Cell Test 1
Cell 1 - *Start of test (00:00:00) Cell 1 - Venting (00:23:05)
Cell 1 — 10 seconds before thermal runaway Cell 1 — Thermal runaway**
(00:36:45) (00:36:55)
Cell 1 — 10 seconds after thermal runaway Cell 1 — End of test
(00:37:05) (00:50:00)
Cell 1 - After the end of test (Without Jig)

*Note: Plate fixture is the jig for preventing swelling of cell to simulate the constraint in BESS Modules.
**Note: Thermal runaway was determined when the temperature of the cell surface increased in an
uncontrollable manner.
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Cell Test 2
Cell 2 - *Start of test (00:00:00) Cell 2 - Venting (00:22:58)
Cell 2 — 10 seconds before thermal runaway Cell 2 — Thermal runaway**
(00:37:46) (00:37:56)
Cell 2 — 10 seconds after thermal runaway Cell 2 — End of test
(00:38:06) (00:50:00)
Cell 2 - After the end of test (Without Jig)

*Note: Plate fixture is the jig for preventing swelling of cell to simulate the constraint in BESS Modules.
**Note: Thermal runaway was determined when the temperature of the cell surface increased in an
uncontrollable manner.
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Cell Test 3
Cell 3 - *Start of test (00:00:00) Cell 3 - Venting (00:23:06)
Cell 3 — 10 seconds before thermal runaway Cell 3 — Thermal runaway**
(00:38:22) (00:38:32)
Cell 3 — 10 seconds after thermal runaway Cell 3 — End of test
(00:38:42) (00:50:00)
Cell 3 - After the end of test (Without Jig)

*Note: Plate fixture is the jig for preventing swelling of cell to simulate the constraint in BESS Modules.
**Note: Thermal runaway was determined when the temperature of the cell surface increased in an
uncontrollable manner.

UL 9540A, Edition 4



Page 35 of 40 Project No.

47912566094791256609
Cell Test 4
Cell 4 - *Start of test (00:00:00) Cell 4 - Venting (00:23:44)
Cell 4 — 10 seconds before thermal runaway Cell 4 — Thermal runaway**
(00:36:10) (00:36:20)
Cell 4 — 10 seconds after thermal runaway Cell 4 — End of test
(00:36:30) (00:50:00)
Cell 4 - After the end of test (Without Jig)

*Note: Plate fixture is the jig for preventing swelling of cell to simulate the constraint in BESS Modules.
**Note: Thermal runaway was determined when the temperature of the cell surface increased in an
uncontrollable manner.

UL 9540A, Edition 4



Page 36 of 40 Project No.
47912566094791256609

Cell Test 5

Video was not recorded because this cell was placed inside the gas collection vessel.

Picture description Pictures
(Cell #5)

Cell with the jig installe
d before testing

After the end of test
(Without Jig)
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Attachment E: Cell Test Datasheets - (Pages 36 through 36)

Cell Test Datasheet is stored in the UL database.
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Attachment F: Cell vent gas test chamber photo and profile of chamber gas analysis (O2 and Pressure) -
(Pages 37 through 38)

This attachment depicts the equipment used to capture the vented gases.

Figure F1: Gas Collection Chamber Test Set-up
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Figure F2: Gas Collection Chamber — Concentration Profile during Oxygen Purge
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Attachment G: Certification Requirements Decision - (Pages 39 through 39)

UNDERWRITERS LABORATORIES INC. CERTIFICATION REQUIREMENT DECISION

Thig Cerification Requirement Decigion iz prepared by UL LLC. It iz normative for the applicable
UL Product Certification Program(s); howewver, it is curmrently not part of the UL Standardis)
referenced below.

Product Category (CCN): AACD

Standard Number: UL 9540A

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

Edition Date: Movember 12, 2019

Edition Number: 4

Section !/ Paragraph Reference: 7.3.1.5

Subject: Option to do a continuous thermal ramp until thermal runaway

DECISION:

7.3.1.5 Before beginning the test, a surface temperature shall be determined to approximate the
temperature at which internal short circuitimg within the cell will occur that could lead to a thermal runaway
condition. For Li-ion cells, the surface temperature hold point shall be between 5°C (9°F) and 15°C (27°F)
greater than the melting temperature of the cell separator material as determined from differential
scanning calorimetry (DSC) data of the separator in accordance with UL 2591 (UL 748A). Thermal
runaway may occur before this hold point temperature range is reached. However, if thermal runaway is
not achieved at this hold point temperature after a period of 4 h, the cell heating rate according to 7.3.1.2
shall be reestablished until thermal runaway occurs or it is demonstrated that thermal runaway is not
achievable by heating.

Exceplion: If the separator information is not available or af the manufacturer's discrefion, the thermal
ramp can be conducted continuously without a hold point wuntil thermal runaway.

RATIONALE FOR DECISION:

The cell failure method had atways been a thermal ramp until thermal runaway occurred. The hold
temperature was established because of concem that if the thermal ramp continued at too high of a
temperature, it may melt the cell casing. Howewver, the separator information may not always be available
and it may be just easier to conduct the test with a continuous thermal ramp if the client is in agreement.
Im either case, the goal is to establish a thermal runaway condition.

Copyright © 2020 UL LLC

UL LLC, in performing its funclions in accordance with its objectives, does not gusrantee or warrant
the comrectness of Cerlification Requirement Decizsions it may issue or that they will be recognized or
adopied by anyone. Certification Reguirement Decisions are the opinion of UL LLC. in praciically
applying the requirements of the standard. They do not represent formal interpretations of the
standard wnder American National Standards Institute (ANSI) processes. UL LLC shal not be
responsible to anyone for the wuse of or reliance wpon Cerification Requirement Decisions by
anyone. UL LLC shall not incur any obligation or liability for damages, including conseguential
damages, ansing ouf of or in connecfion with the use or reliance wpon Certification Reguirement
Decisions. The electronic version of the Certification Regquirement Decision is the current version
and previously printed copies may be outdated.

This document is published as a service fo UL's certificafion customers

<Certification Requirement Decision dated on 2020-05-20>

UL 9540A, Edition 4

















































































































































































































































































« Ul_ " Solutions Safety. Science. Transformation."

Date : 2025-06-05
Mr. Kim, Jinman

Company: LG Energy Solution, Ltd.
Address: 188, Munji-ro, Yuseong-gu, Daejeon 34122 KR

Our Reference: E528302-20250226-Vo0l.3. Sec.1
Project No. 4791777103
Subject: ANSI/CAN/UL9540:2020 Letter Report for Model LINK-FDMEPNCN

bear Mr. Kim, Jinman
We hereby provide product evaluation report for the subjected model above against UL standard following:

ANSI/CAN/UL 9540:2025, Energy Storage Systems and Equipment, Edition 3, Revision Date 03/07/2025

This report acts as a supplementary information of subject product above and is only valid in conjunction with UL
File No. E528302-20250226-Vol.3. Sec.1.

Please feel free to contact us if there is any question.
Thank you for your cooperative work.

Sincerely, Reviewed by,
Byung Ho Lee Henry Oh
Senior Project Engineer Engineering Leader

UL Solutions | UL Korea, Ltd

26" FL, Gangnam Finance Center, 737
Yeoksam-dong, Gangnam-gu, Seoul 135-984 Korea
W: UL.com
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Test Report issued under the responsibility of:

| U|_ Solutions

TEST REPORT
ANSI/CAN/UL 9540:2025
Energy Storage Systems and Equipment, Edition 3, Revision Date 03/07/2025

Report Number.......cccccvvvvcccnecennnnn. :  Supplementary for E528302-20250226-Vol.3. Sec.1

Date of issue.......ccccccmrrrrriicccecennnn. :  2025-06-05

Total number of pages .................. : 61 pages

Name of Testing Laboratory UL

preparing the Report...................... :

Applicant’s name...........cccceeeeiinns : LG Energy Solution, Ltd.

Address.......ccccrininirinnn, : 188, Munji-ro, Yuseong-gu, Daejeon 34122 KR

Test specification:

Standard .........cccceiiriiininn :  ANSI/CAN/UL 9540:2025, Energy Storage Systems and
Equipment, Edition 3, Revision Date 03/07/2025

Test procedure.........cccevveeeeeeeeeeeennns : WTDP

Non-standard test method............ : N/A

Test Report Form No..................... :  ANSI/CAN/UL 9540:2025 TRF

Test Report Form(s) Originator....: UL

Master TRF ........cooccciiiireeeeeae : Dated 2025-03-31

General disclaimer:

This report is valid only in conjunction with UL File No. E528302-20250226-Vol.3. Sect.1. with
TestRecord No.4.

The test results presented in this report relate only to the object tested.
This report shall not be reproduced, except in full, without the written approval of UL. The authenticity of
this Test Report and its contents can be verified by contacting the UL, responsible for this Test Report.

TRF No. ANSI/CAN/UL9540:2025
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Test item description..........ccccceeueeeil
Trade Mark........ccccvemriiiimnninisnennininnnd
Manufacturer.........cccocinniiinniniinnnnn!
Model/Type reference.......................:

Ratings.......ccooommmmiiincrreea !

Energy Storage Equipment Subassemblies — DC ESS
LG Energy Solution

LG Energy Solution, Ltd.

LINK-FDMEPNCN

See model differences below.

List of Attachments (including a total number of pages in each attachment):

(See the list of referenced documents)
N/A

Summary of testing:

Tests performed (name of test and test
clause):

Sec. 30 Normal Operations Test"

Sec. 32 Dielectric Voltage Withstand Test"?)
Sec. 33 Impulse Test"?)

Sec. 34 Equipment Grounding and Bonding Test"
Sec. 35 Insulation Resistance Test":%)

Sec. 36.2 Electrostatic discharge

Sec. 36.3 Radio-frequency electromagnetic field"
Sec. 36.4 Fast transient/burst immunity”

Sec. 36.5 Surge immunity"

Sec. 36.6 Radio-frequency common mode"

Sec. 36.7 Power-frequency magnetic field"

Sec. 36.8 Operational verification

Sec. 38 Leakage Tests"

Sec. 40.1 Wall mount fixture/test"*

Sec. 41.2 Outdoors installations subject to
moisture exposure®)

Sec. 41.3 Outdoor installation in marine
environments?

Note: Representative samples were used for
performing tests above. Superscript indicates
specific testing location.

* Section 34. Wall Mount Fixture/Support
Structure/Handle Test of ANSI/UL1973 was
applied.

Testing location:

1)

2)

3)

ONE Energy Solution Inc.

787-21 Dureungyuri-ro Ochang-eup Cheongwon-
gu Cheongju-si Chungcheongbuk-do 28107
Republic of Korea

Korea Marine Equipment Research Institute

35 Mieumsandan5-
Ro,Gangseo,Busan, 46744 KR

Korea Marine Equipment Research Institute

5 Techno saneop-ro 55beon-gil Nam-
gu,Ulsan,Ulsan,44776,KR

Summary of compliance with National Differences (List of countries addressed):

U.S. only.

X The product fulfils the requirements of ANSI/CAN/UL 9540:2025, Energy Storage Systems and

Equipment, Edition 3, Revision Date 03/07/2025

TRF No. ANSI/CAN/UL9540:2025
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Copy of marking plate:

The artwork below may be only a draft. The use of certification marks on a product must be
authorized by the respective NCBs that own these marks.

@ LGEnergy Solution
System
tem Model MName LINK-FDMEPMCN
YEE DC ESS
M-LIMK Model Name [M] 0~ [mE m mE
[ 248 [J28L [J2cL
E-Panel Model [EPM] O 2ok 0 zFL
O 2R [] 2kL mE
CP-ratz [0] 1 [0.25CP
M-LINK Quantty [N] K Oz mE
Battery Type Lithium lon
‘oltage range DC: 1134 W o~ 14994 W
Energy 1.704 Mwh (N=1). 3408 MWh (N=2), 5.112 MWh {N=3)

Max. Current

37566 A {CN=11), 75132 A {CN=12), 1,126.98 A {CN=13)

Max. Power

0426 MW [CN=11), 0.852 MW (CN=12), 1278 MW [CN=13)

‘Weight

14.5 ton {N=1), 23 ton (N=2}, 43.5 ton (N=3)

Operating Temperaturs

-30 °C ~ 50 °C {-22 °F ~ 122 *F)

Diegree of Frotection

IP55

Alttuds

22000 m

E-Panel

Dimension (W * D * H)

Supply ratings FLC 29 A
Rated voltage
Rated current 200 A
Rated short time withstand current 100 kA 15 (150 kA 50ms)
M-LINK
Dimension (W * D * H) 2100 * 2570 * 2746 mm
Chiller Capacity 7 kW (Cooling). 3 kW {Heating)
HWALC Capacty 2 kW (Cocling). 1 kW [Heating)
SKID
Dimension (W * D * H) [ 7.170 * 2570 * 150 mm
Crain Tank Storage Capacity | 75 L (Min) * 3 =a
Marine Environment Available.
Thiz Equipment meets the Unit Level Performance Criteria of ULS540A.
Company address
Towerl, 108, Yeoui-Daero, Yeongdeungpo-gu System System Mum
) = < LISTED
Seoul 07335, Republic of Korea al ex, ETD12345
528302

Refer to E528302-20250226-Vol.3. Sec.1

TRF No. ANSI/CAN/UL9540:2025
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Test item particulars.........ccccccvvemrccmrcccercccevcccennceennal. N/A
Classification of installation and use........................ Commercial and Industrial application.
Supply Connection..........ccecrecrrecrreceresrssrsnnsenenneat. AUXiliary AC 480V, 60Hz, 3p3w / Main DC 1500V

Possible test case verdicts:
- test case does not apply to the test object........... : N/A
- test object is deemed to meet the requirement....: P (Pass)

- test object is deemed not to meet the F (Fail)
requiremMent ..........ccocccerirssmrr s e ensas :

- test object is subjected to get further evaluation : C (Conditional Acceptance)

General remarks:

"(See Enclosure #)" refers to additional information appended to the report.
"(See appended table)" refers to a table appended to the report.

Throughout this report a [ ] comma/ [X] point is used as the decimal separator.

TRF No. ANSI/CAN/UL9540:2025
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General product information and other remarks:

The product is Energy Storage Equipment Subassemblies - DC ESS, called to be DC-LINK, consisting of
one(1) E-PANEL, and one(1) to three(3) M-LINK(s) on the skid.

Model Difference(s):

Model LINK-FDMEPNCN where M = can be A, B, F, or G representing LINK-S-MLK-A, LINK-S-MLK-B,
LINK-S-MLK-F, or LINK-S-MLK-G correspondingly, EPN = can be 2AR, 2BL, 2CL, or 2DR, 2FL, 2JR, 2KL,
or 2LL representing subsystem E-PANEL name of EPNL_1200A, EPNL_1200B, EPNL_1200C,
EPNLNN_1200A, EPNLNN_1200C, EPNLTF_1200A, EPNLTF_1200B, or EPNLTF_1200C
correspondingly, where C = 1 reflecting CP-Rate value of 0.25, and N = 1, 2, or 3 representing number of
M-LINK(s) in DC-LINK system.

When system model obtains EPN = 2BL, it shall be used with another DC LINK model due to non-
existence of BSC (Industrial PC).

When system model obtains M = B, EPN shall be either 2DR or 2FL.
When system model obtains M = F or G, EPN shall be 2JR, 2KL or 2LL.

Rating(s):
ltem Specification
Max. CP Rate 0.25
Number of M-LINK 1 2 3
g:g:(t;er of Total Battery 2 4 6
Energy, MWh 1.704 3.408 5.112
Capacity, Ah 2320 4640 6960
'\P":V’\‘/;h,\‘;’l‘we/ Discharge 0.426 0.852 1.278
Operating Voltage, Vdc 1134 — 1499.4 1134 — 14994 1134 — 14994
Max. Current. A dc 375.66 751.32 1126.98
Weight, t 14.5 29.0 435

System Model Names
(applicable examples)

LINK-FDA2AR11,
LINK-FDA2BL11,
LINK-FDA2CL11,
LINK-FDB2DR11,
LINK-FDB2FL11,
LINK-FDB2DR11,
LINK-FDB2FL11,
LINK-FDF2JR11,
LINK-FDF2KL11,
LINK-FDF2LL11,
LINK-FDG2JR11,
LINK-FDG2KL11,

LINK-FDG2LL11

LINK-FDA2AR12,
LINK-FDA2BL12,
LINK-FDA2CL12,
LINK-FDB2DR12,
LINK-FDB2FL12,
LINK-FDB2DR12,
LINK-FDB2FL12,
LINK-FDF2JR12,
LINK-FDF2KL12,
LINK-FDF2LL12,
LINK-FDG2JR12,
LINK-FDG2KL12,

LINK-FDG2LL12

LINK-FDA2AR13,
LINK-FDA2BL13,
LINK-FDA2CL13,
LINK-FDB2DR13,
LINK-FDB2FL13,
LINK-FDB2DR13,
LINK-FDB2FL13,
LINK-FDF2JR13,
LINK-FDF2KL13,
LINK-FDF2LL13,
LINK-FDG2JR13,
LINK-FDG2KL13,

LINK-FDG2LL13

For more details, please refer to Nameplate marking and UL File No. E528302-20250226.
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Result - Remark
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CONSTRUCTION

Non-Metallic Materials

Polymeric materials employed for enclosures, or
parts of enclosures for ESS shall comply with (a) and
(b) below:

a) The enclosure requirements outlined in UL 746C,
Path Il of the Enclosure Requirements, or CSA
C22.2 No. 0.17; and

b) For BESS, the enclosure shall be evaluated to UL
9540A Unit Level testing and meet the unit level
performance criteria.

Exception: Equipment of a multi-part ESS that
complies with the enclosure requirements in the
appropriate standard for that equipment is not
required to comply if the equipment enclosure is
determined suitable for the intended environmental
conditions that the ESS will be exposed to.

Metal enclosure

N/A

7.2

The following factors in (a) — (e) shall be taken into
consideration when an enclosure employing
nonmetallic materials is being judged. For a
nonmetallic enclosure, all of these factors are to be
considered with respect to thermal aging.
Dimensional stability of a polymeric enclosure is
addressed by compliance to the mold stress relief
test. Suitability to factors (a) — (e) below shall be
determined by the tests of this Standard or UL
746C, or the enclosure tests of critical component
standards such as UL 1973 or UL 1971, if the
enclosure for the critical component is covered
under that standard.

a) Resistance to impact;

b) Crush resistance;

c) Abnormal operations;

d) Severe conditions; and

e) Mold-stress relief distortion.

Metal enclosure

N/A
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7.3

In addition to the items in 7.2, polymeric enclosures
shall have the following properties:

a) Minimum 5 VA flame rating, or the enclosure
complies with the 127 mm (5 inch) Flame test of UL
746C, and for large surface areas having for any
single unbroken section, a projected surface area
greater than 0.93 m2 (10 ft2) or a single linear
dimension greater than 1.83 m (6 ft) require flame
spread testing per the Enclosure Flammability —
Large Surface Area Considerations test of UL
746C;

b) Insulation material properties per the Material
Property Considerations table of UL 746C;

c) Compliance with the Strain-Relief Test after Mold
Stress-Relief Distortion of UL 746C if serving as a
securement means for a strain relief;

d) Compliance with the Ultraviolet Light Exposure
test of UL 746C if exposed to UV rays in the end
use;

e) Compliance with the Water Exposure and
Immersion test of UL 746C if exposed to rain in the
end use; and

f) Compliance with the Conduit Connections in the
Enclosure Requirements table of UL 746C if
mounting conduit connections.

Metal enclosure

N/A

74

The requirements in 7.3 do not apply to a
nonmetallic part that forms part of the enclosure
under any one of the following conditions in
accordance with UL 94 or CSA C22.2 No. 0.17:

a) The part covers an opening that has no
dimension greater than 25.4 mm (1 in) and the part
is made of a material Classed as V-0, V-1, V-2, or
HB;

b) The part is made of a material Classed V-0, V-1,
V-2, or HB and covers an opening which does not
give access to the user, when the part is removed,
to live parts involving a risk of fire, electric shock, or
electric energy-high current levels or moving parts;
c) The part covers an opening that has no
dimension greater than 101.6 mm (4 in) and the
part is made of a material Classed as V-0, V-1, V-2,
or HB, and there is no source of a risk of fire closer
than 101.6 mm (4 in) from the surface of the
enclosure; or

d) The part is made of a material Classed V-0, V-1,
V-2, or HB and there is a barrier or a device that
forms a barrier made of a material Classed V-0
between the part and a source of a risk of fire.
Exception: A part of a component is not required to
be Classed V-0, V-1, V-2, or HB when it complies
with the flammability requirements applicable to the

component.

Metal Enclosure

N/A
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7.5

Materials employed as electrical insulation in the
ESS shall be resistant to deterioration that would
result in an electrical shock, fire or other safety
hazard. Insulation materials that are in direct
contact with or close proximity to hazardous live
parts in accordance with Figure 6.1 of the Material
Property Considerations table in UL 746C or CSA
C22.2 No. 0.17, shall additionally meet the
insulation criteria outlined in either standard unless
employed as part of a component that has been
evaluated to a component standard that has
comparable safety criteria. Insulated wiring is
subjected to the requirements outlined in

Section 11.

Exception: As an alternative, polymeric materials
used to support live parts shall comply with the
Control of Fire Spread in PS2 Circuits requirements
or the Control of Fire Spread in a PS3 Circuit
requirements in UL 62368-1/CSA C22.2 No. 62368-
1, Clauses 6.4.5 or Clause 6.4.6 as applicable.

Complied. Recognized
Components were used.

P

7.6

Gaskets and Seals relied upon for safety, shall be
determined suitable for the environmental
conditions and chemical substances they are
anticipated to be exposed to in their end use.

Complied. Recognized
Components were used.

7.7

Compliance with 7.6 for gaskets and seals relied
upon to prevent ingress of moisture into the
enclosure, can either comply with the Gaskets
Tests Clause of UL 50E/CSA C22.2 No. 94.2 or
comply with UL 157 or ASTM D412 for the
anticipated exposures.

Complied along with IPX5
testing to prevent ingress of
moisture into the enclosure.

Metallic Enclosures and Parts Resistance to Corrosion

Metallic enclosure parts for BESS shall be of non-
combustible materials as defined in this Standard.

Exception: Metallic enclosures of BESS that do not
meet the definition of non-combustible, shall be

evaluated to UL 9540A Unit Level testing and meet
the performance level criteria for the unit level test.

Complied.

8.2

Metallic enclosure parts that provide physical
protection to ESS components or prevent access to
hazardous ESS components shall have sufficient
strength to provide physical protection and shall be
corrosion resistant. A suitable plating or coating
process can achieve corrosion resistance.
Additional guidance on methods to achieve
corrosion resistance can be found in UL 50E/CSA
C22.2 No. 94.2, or the applicable parts of the ISO
12944 standard series. Metallic enclosures of parts
of a multi-part ESS that meet the enclosure
requirements of their component standard such

as UL 1741 and UL 1973 are considered to comply

with these requirements without further evaluation.

Complied.

Hazardous parts are not user-
accessible.
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8.3

Conductive parts with dissimilar metals in contact at
terminals and connections shall not be subject to
corrosion due to electrochemical action.
Combinations above the line in Figure F1 of

Annex F shall be avoided. Use of coatings to
prevent corrosion such as silver are methods to
meet this requirement.

Complied.

P

Enclosures and Guarding of Hazardous Parts

The enclosure(s) of an ESS shall have the strength
and rigidity required to resist the possible physical
abuses that it will be exposed to during its
transportation, installation and intended use. The
enclosure strength shall be determined and
specified to demonstrate compliance. The
enclosure strength requirements outlined in UL

50, UL 1741, IEC 62477-1, UL 2755, ISO 1496-1 or
equivalent standard shall be applied to demonstrate
compliance.

Exception: For smaller systems that are less than
or equal to 50 kWh, the enclosure strength may be
evaluated to the enclosure requirements of this
Standard and tested in accordance with the
applicable tests of Section 40.

Complied.

9.2

Rack assemblies complying with UL 2416 are a
means to meet this criteria for internal support
structures of the ESS if the assembly is used within
its load ratings. See also 10.2 regarding walk-in
units and modifications to load bearing walls.

Non walk-in unit.

The support structure test
was conducted according to
ANSI/UL1973 for
rechargeable Li-ion Battery
Rack frame structure.

N/A

9.3

Openings in the enclosure of an ESS shall be
designed to prevent inadvertent access to
hazardous parts. Compliance shall be determined
in accordance with the Tests for Protection Against
Access to Hazardous Parts Indicated by the First
Characteristic Numeral, Clause 12 of IEC

60529 or CSA C22.2 No. 60529, for a minimum IP
rating of IP2X and CSA C22.1, the Enclosure
Selection Table for Nonhazardous Locations, with
consideration of the end use installation.
Exception: An ESS intended for restricted access
locations need not meet the accessibility criterion if
permanent warning markings for service and other
personnel having access to the system are
provided directly on the system. Protection from
access to hazardous live parts in restricted
locations shall be in accordance with Article 110

of NFPA 70, or Sections 2 and 36 of the CSA
C22.1, or Section 124 of IEEE C2, as applicable.
Suitable cautionary warnings and signage for
identifying exposed hazardous voltage circuits shall
be provided for protection of service personnel.

IP5X enclosure
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9.4

In service access areas, bare parts of hazardous
voltage circuits, shall be located or guarded so that
accidental shorting across circuits at opposite
polarity, to ground, to SELV circuits or
communications circuits, that could be caused by
items such as, but not limited to, tools or test
probes used by service personnel, is unlikely.

Hazardous live parts are
covered by additional safety
guards to prevent direct
access and accidental
shorting during service.

P

9.5

Enclosures of systems and components of systems
located where they will be subject to exposure to
water and other elements shall be rated for the
level of intended exposure as outlined in Table
110.28 of Article 110 of NFPA 70, or Section 2

of CSA C22.1 or for the ingress protection rating of
IPX3 or higher as outlined in IEC 60529 or CSA
C22.2 No. 60529 if using as IP rating. Installation
instructions shall indicate restrictions with regard to
limiting ingress from the environment based upon
the enclosure rating.

IPX5 enclosure

10

General Electrical Safety of Systems and Additional
Units

Requirements for Walk-in

N/A

10.1

The instructions shall include measures and
procedures for worker safety in, on and adjacent to
the ESS according to NFPA 70E and CSA Z462,
and Section 2 of CSA C22.1, and in accordance
with this Standard.

Safety instructions were

provided along with manuals.

N/A

10.2

Walk-in unit enclosures shall have suitable
mechanical load ratings for equipment installed
within the enclosure, including maximum number of
persons who may enter the enclosure when all of
the equipment is installed.

Non Walk-in unit

N/A

10.3

Shipping container type enclosures with cutouts or
other modifications to support walls that may affect
their load bearing performance shall be re-
evaluated to ASTM D4169 for ability to handle the
intended loads post modification.

N/A

10.4

The enclosures for outdoor walk-in units shall not
exceed 16.2 x 2.6 x 2.9-m (53 x 8.5 x 9.5-ft) high,
not including HVAC and related equipment that
may be secured to the exterior of the enclosure. A
walk-in enclosure exceeding these dimensions are
subjected to indoor installation criteria in
accordance with the applicable codes.

N/A

10.5

If the walk-in unit is provided with an explosion
venting system, it shall comply with the applicable
requirements in 24.5.

N/A

10.6

Where persons can access the hazardous areas
within a walk-in unit, procedures for safe entry into
and exiting the system shall be provided in the
instructions provided with the ESS. Means, such
as, but not limited to a placard(s) and lock(s), shall
be provided to prevent unauthorized persons from
entering these hazardous areas. See 46.17.

N/A
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10.7

Personnel doors of walk-in units shall be designed
to prevent persons from becoming trapped within
the unit and shall be able to be opened from the
inside without use of a tool or key. Door(s) intended
for entrance to, and egress from a walk-in unit,
shall open in the direction of egress and provide a
clear width of at least 80 cm (32 in) and clear height
of at least 183 cm (72 in) based on the dimensions
specified in the ICC IBC. Each egress door shall be
marked in accordance with 45.19 and the line-of-
sight to an exit sign shall not be interrupted. Any
doorway or passage that might be mistaken for an
exit shall be marked in accordance with 45.19 or
with an indication of its actual use. See also 45.18

N/A

10.8

Work space dimensions and requirements within an
ESS, provided with walk-in enclosures, shall be in
accordance with NFPA 70, or CSA C22.1, or in
accordance with IEEE C2 as applicable to where
the system is installed. The space requirement
shall also provide for appropriate arc flash safety
under specified personal protective equipment
(PPE). See 45.13.

N/A

10.9

Areas of access to walk-in units shall be designed
to prevent tripping, slipping or falling when persons
enter, exit or while within the unit. Surfaces and
parts within a walk-in unit shall be designed to
prevent inadvertent hazards to personnel within the
enclosure through appropriate guarding, electrical
and thermal insulation methods and cautionary
warnings and signage in accordance with this
Standard. See 10.7 and 45.16.

N/A

10.10

Protection against contact with hazardous voltage
parts in the ESS, including walk-in enclosures, shall
be in accordance with 9.3 or through the use of
guarding to prevent access with cautionary
warnings and signage where only qualified
personnel are allowed access. Entrances to walk-in
enclosures that contain exposed live parts shall be
marked with conspicuous warning signs forbidding
unqualified persons to enter. See also 12.2 with
regard to disconnect criteria for servicing, etc.

and 45.13 and 45.16. The enclosures of walk-in
units shall be provided with grounding in
accordance with 14.4.

N/A

10.11

The type of protection equipment to be provided for
arc flash hazards shall be determined by an arc
flash risk assessment conducted according

to NFPA 70E and CSA Z462. The arc flash
assessment results shall be labeled on the ESS.
The assessment shall determine:

a) The arc flash incidental energy level;

b) The arc flash boundary, restricted approach
boundary; and

c) The required arc flash personal protective

equipment.

N/A
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10.12

The boundary for an unprotected arc flash shall be
considered one that has an arc rating above 5
J/icm2 (1.2 cal/cm2) incident energy level (e.g. can
cause a second degree burn to unprotected skin)
per NFPA 70E and CSA Z462.

N/A

10.13

Energy storage system enclosures that can be fully
entered by persons such as walk in units, shall be
designed to automatically provide mechanical
ventilation using 100 % outdoor air when anyone is
working within the enclosure. The minimum amount
of ventilation air shall be 5.1 L/s/m2 (1 cf/min/ft2).

N/A

10.14

Electrical circuits that are an integral part of the
ESS including those that are part of a walk-in
enclosure including lighting, controls, power,
HVAC, emergency lighting, alarm circuits, and the
like shall comply with the appropriate requirements
for the type of equipment and the specific
application within the ESS.

N/A

10.15

Electrical equipment including electrical equipment
that is located in the walk-in enclosure in areas that
will be subject to condensation, or the effects of
condensation from equipment or systems that are
provided with and installed in, on or around the
ESS enclosure, shall be suitable for outdoor use or
suitably protected against contact with water and
protected against unsafe conduction of hazardous
voltages to personnel via water as a conduction
path.

N/A

10.16

Lighting shall be provided in enclosed working
spaces associated with the ESS. The lighting
source shall provide at least 100 lux and controlled
only by manual means. Lighting within an ESS
including lighting within a walk-in enclosures shall
be installed in accordance with Article 410 of NFPA
70 or Section 30 of CSA C22.1 as applicable to the
system where the system is installed.

N/A

10.17

Where there is more than one source of energy
input to the ESS, the ESS shall be provided with
information and markings to indicate which
disconnect device or devices are required to be
operated to completely isolate the equipment.

N/A

10.18

Protection against lightning surges shall be
provided in accordance with the requirements
of NFPA  70orCSA C22.1, orlEEE C2as
applicable to where the system is intended to be
installed.

N/A

11

Wiring and Electrical Supply Connections

111

Wiring installed on the equipment, including internal
wiring or supplied with the equipment for installation
on-site, shall be insulated and acceptable for the
intended purpose, when considered with respect to
temperature, voltage, and the conditions of service
to which the wiring is likely to be subjected where

the wiring is located.

Complied.
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11.2 Wiring methods and electrical supply connections | Complied. External cable P
of energy storage systems shall be in accordance | connections were not in the
with NFPA 70 or CSA C22.1, or IEEE C2 as scope of evaluation but
applicable to where the system is installed. Energy | following the provided
storage systems which are considered evaluated installation manual shall
pieces of equipment shall ensure the electrical comply the requirement.
supply connections comply with NFPA 70, CSA
C22.1 or IEEE C2 as applicable to where the
system is installed. Wiring methods for such
evaluated pieces of equipment are encouraged to
follow the aforementioned codes, but at a minimum
shall comply with this Wiring and Electrical Supply
Connections Section.
113 An ESS shall have provision for connection of the | Complied. External cable p
system to an external wiring system consisting of: | connections were not in the
a) Wiring terminals or wiring leads; or scope of evaluation but
b) A means for connection of cable or conduit in following the provided
accordance with the codes in 11.2. installation manual shall
comply the requirement.
11.4 A wiring terminal or lead that is supplied as a Complied. =]
component of the ESS shall be rated and sized for External cable connections
connection to a field wiring conductor having an tin th f
ampacity of no less than 125 % of the ac or dc were not in th€ SCope o
current that the circuit carries during rated evalgatlon but foI_Iowmg the
conditions and in accordance with the codes provided installation ma““a'
in 11.2. shall comply the requirement.
115 A field-wiring lead shall not be more than two wire | External cable connections P
sizes smaller than the copper conductor to which it | were not in the scope of
is to be connected, and shall not be smaller than evaluation but following the
2.08 mm2 (14 AWG). A field-wiring lead shall not provided installation manual
be less than 152.4-mm (6-in) long. shall comply the requirement.
Exception No. 1: Communications cable may be
less than 2.08 mm2 (14 AWG).
Exception No. 2: Field wiring harness accessories
supplied by the manufacturer and evaluated for use
with the system.
11.6 Field-wiring compartments, in which branch circuit | External cable connections P
connections are to be made, shall: were not in the scope of
a) Permit the connection of the supply wires after | evaluation but following the
the ESS is installed; provided installation manual
b) Permit the connection to be introduced and shall comply the requirement.
connected easily and safely; and
c) Be located so that the connections can be readily
inspected after the ESS is installed.
117 Internal wiring shall be routed, supported, clamped | Complied. P
or secured in a manner that reduces the likelihood
of excessive strain on wire and on terminal
connections; loosening of terminal connections;
and damage of conductor insulation. In safety
critical circuits, for soldered terminations, the
conductor shall be positioned or fixed so that
reliance is not placed upon the soldering alone to
maintain the conductor in position.
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A hole by which insulated wires pass through the
system enclosure or elements providing separation
within the enclosure shall be provided with a
smoothly rounded bushing or shall have smooth
surfaces, free of burrs, fins, sharp edges, and the
like, to prevent abrasion of the insulation.

Complied.

P

Where multiple conductors are installed in parallel,
they shall be installed in groups consisting of not
more than one conductor per phase, neutral or
ground so that the current in each group sums to
zero. Where conductors pass through a metal
opening, all conductors in a group shall pass
through the same opening.

Complied.

12

General Electrical Equipment

121

Replaceable fuses shall have a fuse replacement
marking with the fuse ratings located adjacent to
each fuse or fuse holder, or on the fuse holder, or
in another location provided that it is obvious to
which fuse the marking applies. Where replaceable
fuses with special characteristics such as time
delay or breaking capacity are necessary, the type
shall also be indicated. Information on proper fuse
replacement of replaceable fuses shall also be
included in the service manual instructions.

Complied.

12.2

Exposed hazardous voltage in an ESS shall be
provided with a lockable manual disconnect to
enable Lock-Out-Tag-Out (as required in NFPA
70E and CSA Z462) during servicing or for
emergency procedures. The lockable manual
disconnect shall have sufficient interrupt ratings,
shall be accessible to the technician servicing the
system and to first responders and shall be located
as close to the exposed hazardous voltage
conductors as possible. When the lockable manual
disconnect is not provided directly on the system by
the system manufacturer, the installation
instructions shall indicate the type and ratings of
the disconnect to be provided in the installation and
how it is to be installed in accordance with NFPA
70E and CSA 7462.

Exception: A lockable disconnect is not required
where it is infeasible based upon the design of the
system (e.g. interspersed in the middle of a high
voltage battery string, within a battery system, to
segment the string into segments less than the
minimum hazardous voltage).

Complied.
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12.3

Fuses, circuit breakers and disconnect devices
shall be rated for the application including fault
current ratings, suitability for disconnect under load,
etc., as applicable to the device and application in
the system. The ESS shall be provided with short
circuit protection within the system to mitigate
hazards associated with a short circuit condition of
the integral energy storage technology, including
addressing the potential for additive fault currents
when multiple battery systems are connected in
parallel. This protection shall be provided as part of
the energy storage technology or installed as a
separate component within the ESS. Protection
against overload and short circuits of external
circuits shall use branch circuit rated protectors or
electronic circuits evaluated for the purpose.

Complied.

P

124

Transformers installed as part of the ESS shall be
of the dry type or type filled with a non-combustible
dielectric medium. Such transformers shall be
installed in accordance with the requirements

of NFPA 70 or CSA C22.1, or in accordance with
Section 15 of IEEE C2 as applicable to where the
system is installed.

Used transformers are
purposed to supply auxiliary
power within the product.
Subsystem evaluation
standard requirements of
transformers were applied for
compliance.

12.5

With reference to 12.4, oil filled transformers shall
be permitted for use in outdoor locations in
accordance with the applicable local codes or utility
requirements.

No oil filled transformers exist

N/A

12.6

Convenience receptacles provided for maintenance
and servicing of the ESS shall be rated for outdoor
use if the system is intended to be installed where
the receptacle is exposed to the outdoor
environment or outdoor environmental conditions.

Complied.

12.7

The inverter and other equipment connected to the
output terminals of the battery or other storage
device of the ESS shall be able to safely withstand
the potential short circuit current from the storage
device. The rated input short circuit current of the
inverter and other equipment shall be equal to or
greater than the rated output short circuit current of
the battery or other energy storage mechanism.
Compliance can be determined through evaluation
of the output short circuit ratings of the energy
storage mechanism (e.g. for the battery) as
determined by testing in UL 1973. For equipment
capable of providing an output short circuit current,
the rating shall reflect the protection provided by
any internal branch circuit protectors, including
electronic circuit regulation, such as limitation of
peak currents, inrush currents and time. An energy
storage mechanism relying on a branch circuit
protector installed on the output of the energy
storage mechanism shall provide the maximum

short circuit current from that device.

Complied at the subsystem
level short-circuit tests in
Combiner and System
Transition Boxes (E-PANEL)
and Rechargeable Li-ion
Battery System(s).

13

Electrical Spacings and Separation of Circuits
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13.1

Electrical circuits within the ESS at opposite polarity
shall be provided with reliable physical spacing to
prevent inadvertent short circuits or potential for arc
flash (i.e. electrical spacings on printed wiring
boards, physical securing of uninsulated leads and
parts, etc.). Insulation suitable for the anticipated
operating temperatures and voltages shall be used
where spacings cannot be controlled by reliable
physical separation.

Complied.
Sufficient spacings and circuit
separation were checked.

P

13.2

Electrical spacings in circuits shall have the
following minimum over surface and through air
spacings as outlined in Table 13.1 or as outlined
in UL 62368-1/CSA C22.2 No. 62368-1,
Clearances, Clause 5.4.2, and Creepage
Distances, Clause 5.4.3.

Exception No. 1: The spacing requirements in UL
840, CSA C22.2 No. 62109-1, UL 62109-1, IEC
60664-1, or CSA C22.2 No. 0.2, shall be
acceptable alternatives. The anticipated pollution
degree and overvoltage category is determined by
the design and application of the ESS assembly or
subassembly under evaluation.

Exception No. 2: Electrical spacings within
components and parts of an ESS previously
determined to comply with an appropriate safety
standard for the equipment need not be evaluated.

Complied.

13.3

There are no minimum spacings applicable to parts
where insulating compound completely fills the
casing of a compound or subassembly if the
distance through the insulation, at voltages above
60 Vdc or above 30 Vrms, is a minimum of 0.4-mm
(0.02-in) thick for supplementary or reinforced
insulation, and passes the Dielectric Voltage
Withstand Test. There is no minimum insulation
thickness requirement for insulation of circuits at or
below 60 Vdc or for basic or functional insulation.
Some examples include potting, encapsulation, and
vacuum impregnation. Materials employed as
electrical insulation shall meet the requirements

of 7.5.

Complied.

13.4

Conductors of circuits operating at different
voltages shall be reliably separated from each other
through the use of mechanical securements such
as barriers or wire ties to maintain spacing
requirements unless they are each provided with
insulation acceptable for the highest voltage
involved. An insulated conductor shall be reliably
retained so that it cannot contact an uninsulated

live part of a circuit operating at a different voltage.

Complied.

14

Insulation Levels and Protective Grounding
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14.1

Hazardous voltage circuits shall be insulated from
accessible conductive parts and safety extra low
voltage (SELV) circuits as outlined in 14.2 through
the following:

a) Basic insulation and provided with a protective
grounding system for protection in the event of a
fault of the basic insulation that complies with 14.3;
b) A system of double or reinforced insulation; or
¢) A combination of (a) and (b).

Complied.

P

14.2

Safety extra low voltage (SELV) circuits, as defined
in 6.40, that are insulated from accessible
conductive parts through functional insulation only
are considered accessible.

Complied.

14.3

Accessible non-current carrying metal parts of an
ESS containing hazardous voltage circuits that
could become live in the event of an insulation fault
shall be bonded to the equipment ground terminal.
The main grounding terminal shall be identified
through use of grounding symbol, green coloring or
word “GR” etc. to signify it as the equipment ground
terminal and shall not be utilized for any other
purpose than for the connection of the grounding
and bonding conductors.

Complied.

14.4

The methods of protective bonding and grounding
of an ESS shall be in accordance with Article 250
of NFPA 70 or Section 9 of IEEE C2 as applicable
to where the system is located. When sizing the
protective bonding and grounding wire, the rating
and fault current path of all sources of supply
connected to the equipment or system shall be
considered. If used, grounding (bonding) braids
used in the ESS or from the ESS to the grounding
electrode shall comply with UL 467/CSA C22.2 No.
41, and sized according to the Grounding — Size of
Terminal or Bonding Conductor requirements of UL
508A or CSA C22.1.

In Canada, the methods of bonding and grounding
an ESS shall be in accordance with Section 10 and
36 of CSA C22.1.

Complied.

No Canadian deviation was
considered.

14.5

Parts of the protective grounding system shall be
securely fastened and provided with metal-to-metal
contact that will ensure the continuity of the
grounding system. All connections shall be secured
against accidental loosening and shall ensure a
thoroughly good connection. See 14.6, 14.7, and

Section 33.

Complied.
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14.6

With reference to 14.5, when connecting
conductive parts to be bonded, paint or coatings in
areas of contact shall be removed or paint piercing
lock washers shall be used with securement bolts
or screws to provide good metal to metal contact.
Thread-locking sealants, epoxies, glues, or other
similar compounds, and solder alone shall not be
used as a securement means as these are not
considered reliable. In addition, rivets, hinges
(unless metal-to-metal piano type hinges), and
parts that may be removed as a result of servicing
shall not be relied upon as connections for ensuring
continuity of the protective grounding and bonding
system. Bonding shall be achieved through the use
of dedicated connections that are not utilized for
other purposes.

Complied.

P

14.7

With reference to 14.5, methods of securement
considered reliable and ensuring good metal-to-
metal contact can consist of the following methods:
a) Terminal blocks;

b) Pressure connectors, grounding lugs and similar
grounding and bonding equipment connectors;

c) Fusion welding processes;

d) Machine screw-type fasteners that engage not
less than two threads or are secured with a nut;
and

e) Thread-forming machine screws that engage not
less than two threads in the enclosure.

Complied.

14.8

For ESS greater than 100 V between conductors or
to ground, the battery circuits can be ungrounded if
the system is provided with a ground fault detector
and indicator to monitor ground faults.

Complied.

Additional investigation may
require in upper system (AC
ESS, etc.) regarding ground
fault detector or indicator.

15

Safety Analysis and Control Systems

15.1

A safety analysis consisting of a hazard
identification, risk analysis and risk evaluation
including a safety analysis such as a failure modes
and effects analysis (FMEA) that identifies critical
safety components and circuits of the system, shall
be conducted on the equipment forming the ESS
and components of the ESS considering any
interactions that provide a safety function. The
analysis shall consider the compatibility of the parts
of the ESS (e.g. battery system, charger, inverter,
etc.) with regard to safety of the overall system.
The analysis shall be performed by the
manufacturer of the ESS or the entity that
integrates the components that comprise the ESS,
referred to as the energy storage system integrator.
Guidance for analysis can be found in the following
standards:

a) IEC 60812;

b) IEC 61025; and

c) MIL-STD-882E.

Compliance was checked by
technical assessment on the
provided manufacturer’s
safety analysis documents
that include hazard
identification and risk
assessment along with
layered system and design
failure effect analysis criticality
analysis.
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15.2 Even when the major parts of the ESS are in Compliance was checked by P
compliance with their individual safety standards reviewing supporting
and they are being used within their ratings, it certificate files of UL1973
cannot be assumed that when the parts are (BBFX2), and
connected together to form an ESS that the system | UL1741(QIAA2). Functional
is safe, without further analysis. The analysis of the |safety evaluation and
ESS must evaluate whether or not the various parts | construction/component
of the ESS, even though determined to be safe review.
individually, work compatibly with each other to
prevent hazardous conditions from occurring. When
conducting this analysis, it is important that the
interaction of the various parts of the ESS be
evaluated as noted in 15.1 to determine that there
are no hazards introduced in the system as a result
of their interaction. For example, communications
delays between parts that could affect safety,
surges or noise introduced from power conditioning
devices or noise introduced from electrical
connections, shall not affect the functionality or
result in damage to these safety controls such as
the battery management system (BMS), contactors
or the energy storage management system.

15.3 The safety analysis shall consider mechanical, Compliance was checked by =]
thermal and other potential hazards associated with | technical assessment on the
the ESS in addition to potential electrical hazards. | provided manufacturer's
This is especially critical when evaluating systems | safety analysis documents
with hazardous kinetic energy, thermal ESS that include hazard
operating at hazardous temperatures and/or identification and risk
containing hazardous materials, and systems with | 3ssessment along with
parts under hazardous pressure levels. Analysis of ||ayered system and design
flywheel systems shall be conducted on the bearing | fajlure effect analysis criticality
failure detection system, which shall detect signs of | gnalysis.
bearing failure before catastrophic bearing failure
occurs. The bearing failure detection system shall
be designed to initiate safety mechanisms within
the flywheel control system to bring the flywheel to
a safe state upon detecting signs of impending
bearing failure. Analysis of flywheel systems shall
also include the feedback and control for any active
magnetic bearings or passive bearing used in
conjunction with active unloading systems.

15.4 Analysis of thermal ESS shall ensure that there is | Electrochemical ESS N/A
sufficient monitoring and control of pressure, (Rechargeable Li-ion Battery
thermal and fluid flow to ensure that the various Systems were used in DC
parts of the system are maintained within their ESS)
specifications for pressure temperature and fluid
levels.
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15.5 Electrical and electronic controls of the ESS that Considering safety analysis P
are determined to be critical for safety shall comply | and system architecture, the
with an appropriate safety standard for the control | primary protection and safety
and used within their ratings. Electronics and related electrical and
software controls determined to be critical for safety | glectronic controls of product
are to be tested to verify electromagnetic immunity |js done by multi-layered
in accordance with Section 36 if this testing is not | protective functions. The
part of the functional Safety standard requirements, primary protection is done on
and shall be evaluated for functional safety to one | pattery management system
of the following sets of standards and safety ratings | on Rechargeable Li-ion
as applicable to the system: Battery Rack(s). 1ISO13849-1
a) UL 991 and UL 1998; and ISO13849-2 were applied
requirements); evaluation standard.

c) The Annex for Requirements for Electronic In addition. chiller functional
Controls, Annex H of UL 60730-1 or CSA E60730- fot ’ ducted

1 (Function Class B requirements); sale yd\_NaStCOJLéJOC%O 1
d) IEC 61508 (all parts) (minimum of Safety 2%‘;06; 'Eg 0 -
Integrity Level (SIL) "2" requirements for active

protective devices with software controls);

e) ISO 13849-1 and ISO 13849-2 (minimum of

Performance Level (PL) "c" requirements for active

protective devices with software controls); or

f) ISO 26262 (all parts) (minimum Automotive

Safety Integrity Level (ASIL) "C" requirements for

active protective devices with software controls).

15.6 The required SIL, PL, or ASIL for a safety function | Compliance to PL.c [CAT2] p
shall be permitted to be reduced if the manufacturer | target functional safety
provides additional safety analysis (e.g. Layer of evaluation for critical
Protection Analysis) showing that the required risk | protective functions for
reduction level has been reduced by other Rechargeable Li-ion battery
measures within the ESS. system and Class B target

functional safety evaluation
for Chiller leak detection
function.

Layered protection for
abnormal hazardous
operation was implemented.
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15.7

When conducting the functional safety evaluation of
electronic controls, the interaction of the various
parts of the system need to be considered for their
impact on each other. In particular, a number of
disruptive interactions shall be considered in all
cases. These interactions include:

a) Noise, or other disturbances introduced into the
system as a result of the interaction of the various
ESS components such as between the PCS and
the BMS of the battery or other electronic controls,
shall be considered when evaluating the reliability
of electronic and programmable electronic controls;
b) The surge protection evaluation of the BMS and
other electronic controls shall be sufficient to
address potential surges that may be transmitted
from the PCS or other equipment;

c) Surge suppression protection shall be provided
to protect the BMS or other electronic safety
controls devices, if the control functionality of a
BMS or other controls can be impacted as a result
of this interaction;

d) Parts such as power conditioning system (PCS)
connected to the storage devices of the system
(e.g. batteries), shall be able to safely withstand a
fault current from the storage devices including
current that is transmitted prior to operation of the
short circuit protection; and

e) Delays or other faults in communication signals
between the various parts of the ESS that can
impact safety.

Complied.

Functional safety evaluation
and verification of
electromagnetic immunity
tests meet the requirement.

P

15.8

Software and its associated hardware determined
critical to safety that can be updated remotely shall
meet the requirements outlined in Section 16,
Remote Software Update Enabled ESS.

Section 16.1 applies to software evaluated in
accordance with UL 1998 and Section 16.2 applies
to software evaluated in accordance with UL
60730-1 or CSA E60730-1.

Remote Software Update
enabled.

16

Remote Software Update Enabled ESS

16.1

Critical and/or critical supervisory software (UL
1998)

Considering the functional
safety evaluation according to
ISO13849-1 and ISO13849-2,
the compliance of remote
software update was checked
according to UL5500
requirement. The supervisory
software is controlled under
functional safety evaluation.
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16.1.1

The requirements in 16.1.2 — 16.1.7 apply when the
manufacturer declares the ESS has critical and
supervisory and related critical supervisory sections
of software per UL 1998, and has the functionality
to remotely update this software.

NOTE 1: A software update occurs when software
replaces or modifies the previous version by a new
or the same version of the critical/supervisory
sections of UL 1998 software.

NOTE 2: These requirements are not intended to
address cybersecurity.

Complied.

P

16.1.2

The critical/supervisory sections of UL
1998 software, intended to be updated, shall
comply with UL 1998.

Complied.

16.1.3

User authorization is required prior to any remote
update of critical/supervisory sections of UL
1998 software.

NOTE: User authorization can be a one-time
event. This one-time event may be when the
homeowner of a residential ESS registers their
ESS with the manufacturer, or downloads the
application needed to remotely operate the
residential ESS controls on their smart device
(e.g. cell phone, tablet, etc.).

Complied.

16.1.4

The remote update of software shall occur when
the ESS is in a risk addressed state.

Complied.

Risk-addressed state is
defined to be open circuit of
DC power lines.
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16.1.5

The remote software update shall comply with UL
5500, with the following modifications:

a) The device specific requirements for a remote
update of software, per the requirements for
Application of Received Software Download
Package in UL 5500, shall occur when the ESS is
in a risk-addressed state; and

b) The bulleted items in the compliance criterion of
the requirements for Documentation & Tracking in
UL 5500 are replaced with the following:

1) Communication protocol (Compliance with the
requirements for Establish Remote Connection,
and the requirements for Download/Transmission in
UL 5500);

2) Software update process (Compliance with the
requirements for Hardware / Architecture / Software
Download Package Compatibility Check,
Application of Received Software Download
Package, and Conclusion of Remote Software
Update Process in UL 5500);

3) Identity and access management (Compliance
with the requirements for Authentication, and
Authorization in UL 5500); and

4) Validation measures (Compliance with the
requirements for Remote Software Update
Validation: General, Failure/Status Identification
Detection, Response to Error Detection, and
Software Download Package Version in UL 5500).

Remote Software Update
functionality enables the
software update to Battery
Section Controller Software
(BSC) and Rechargeable Li-
ion Battery Rack System
(RBMS). The compliance was
checked by manufacturer
specified documents and
verification of remote software
update validation measures.

P

16.1.6

The correct operation of the ESS safety functions
shall be maintained after the critical/supervisory
sections of software in accordance with UL

1998 software is updated.

Complied.

16.1.7

Compliance is checked by a functional test of a
remote software update using the procedure
outlined in Operational Verification of Remote
Software Update Capability in 36.9 after
implementing a remote software update.
Consideration shall be made for a functional test
(based on an impact analysis of the changes made
to the software) to verify the proper operation of the
ESS system protective control functions.

NOTE: When determining which safety functions
need to be verified after the update has been
completed, consideration is to be given to the
specific aspects of the software that have been
updated.

Complied.

16.2

Class B software (UL 60730-1 or CSA E60730-1)

See the Sec. 16.1

N/A
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16.2.1

The requirements in 16.2.2 — 16.2.8 apply when the
manufacturer declares the ESS has Class B
software in accordance with UL 60730-1 or CSA
E60730-1, and has the functionality to remotely
update this software.

NOTE 1: An update occurs when software replaces
or modifies the previous version of the Class B
software, UL 60730-1 or CSA E60730-1 software.
Additionally, an update occurs when the same
version of Class B software, is replaced during the
remote update process.

NOTE 2: These requirements are not intended to
address cybersecurity.

N/A

16.2.2

The Class B software of UL 60730-1 or CSA
E60730-1 intended to be remotely updated, shall
comply with the requirements for Controls Using
Software in UL 60730-1 or CSA E60730-1.

N/A

16.2.3

The remotely actuated control function, including the
software update function, shall comply with the
requirements for Remotely Actuated Control
Functions in UL 60730-1 or CSA E60730-1. With
respect to transmission faults, Note 1 of Clause
H.11.12.4.1.3.1, Transmission, is considered
normative.

NOTE 1: A remotely actuated control function is a
function providing any operation by control devices
through external means. This includes, but is not
limited to:

a) The use of communication lines/protocols;
b) IR/RF transmission; or

c) All combinations of (a) — (b) above via Internet
using, for example modems, portable telephones,
etc.

NOTE 2: Remote software updates require minimum
or no interaction with the ESS. Software updates are
received remotely without the use of external
hardware such as a USB, SD card, etc.

N/A

16.2.4

Remotely actuated control functions may be
connected to separate, independent devices, which
may themselves contain control functions or provide
other information. Any data exchange between these
devices shall not compromise the integrity of the
Class B control function.

N/A
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16.2.5

User authorization is required prior to any remote
update of Class B software, UL 60730-1 or CSA
E60730-1. This will be evaluated in accordance
with UL 60730-1 or CSA E60730-1, Clause
H.11.12.4.4.3.

NOTE: User authorization can be a one-time event.
This one-time event may be when the homeowner
registers their residential ESS with the manufacturer,
or downloads the application needed to remotely
operate the ESS on their smart device (e.g. cell
phone, tablet, etc.).

N/A

16.2.6

The remote update of software shall occur when
the ESS is in a risk addressed state.

N/A

16.2.7

The correct operation of the ESS’s safety functions
shall be maintained after the Class B software is
updated per UL 60730-1 or CSA E60730-1.

N/A

16.2.8

Compliance is checked by a functional test of a
remote software update using the procedure
outlined in Operational Verification of Remote
Software Update Capability in 36.9 after
implementing a remote software update.
Consideration shall be made for a functional test
(based on an impact analysis of the changes made
to Class B software) to verify the proper operation
of the ESS protective control functions.

NOTE: When determining which safety functions
need to be verified after the update has been
completed, consideration is to be given to the
specific aspects of the software that have been
updated.

N/A

17

Remote Controls

N/A

171

Energy storage systems which have the ability to
be controlled and operated remotely shall be
provided with an accessible means to disconnect
the system from the remote control for maintenance
or other local servicing of the system. The remote
control disconnect shall either be provided on the
system or instructions in the installation manual
shall provide the location and type of disconnect to
be provided in the end use installation. The use of a
remote control systems shall not lead to an unsafe
condition as determined by the system safety
analysis and shall not be able to override local
safety controls. If the remote control disconnect is
to be provided as part of the installation (not built
into the ESS), the instructions shall include
information on the electrical connections including
means to prevent the disconnect from being
overridden by the remote control system.

Remote control related
evaluation will be required in
upper level system (e.g. AC
ESS)

N/A
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17.2

Remote disconnect controls such as Emergency
Power Off (EPO) buttons shall be marked to clearly
indicate what system or part of the system they
control. Remote disconnect control such as EPOs
that disconnect and de-energize the complete ESS,
need to not be marked in this manner.

EPO buttons are clearly
indicated but remote
disconnected control related
topic will be required in upper
level system (e.g. AC ESS)

N/A

18

Communication Systems

18.1

General

18.1.1

Instructions for installation and operation of the
ESS shall identify the communication protocols
used by the ESS for communication with external
systems intended to be connected to the ESS.
Energy storage system components and
subassemblies that need to communicate with each
other to ensure safe operation of the system, shall
utilize harmonized communication protocols, and
evaluation of the compatibility of these
interconnecting communication systems shall be
included in the safety analysis of Section 15.

Complied by construction
review and communication
system diagrams. The
sufficient safety analysis on
internal communication among
multiple system systems were
conducted.

18.2

External warning communication system (EWCS)

Complied.

18.2.1

Electrochemical ESS using lithium-ion batteries as
the storage mechanism that have an energy
capacity of 500 kWh or greater shall be provided
with an external warning communication system, as
outlined in 18.2.2 — 18.2.6, that gives an advance
notification to operators of a potential safety issue
with the ESS.

External warning
communication system
(EWCS) were cleared
provided and compliance to
applicable requirements were
checked.

18.2.2

The information inputs to the EWCS shall come
from those devices in the ESS that can supply
information of potential problems that could lead to
a hazardous state of the system, including from the
battery management systems (BMS) or the energy
storage management system (ESMS). The EWCS
shall use compatible communication interface
methods with its various sources of information
from the ESS.

Complied.

18.2.3

The EWCS shall communicate with an operator
station that is monitoring the ESS. The EWCS shall
be capable of sending information to an external
operating station. The EWCS shall also
communicate to a local warning system that utilizes
audio and visual warning signals when the ESS is
operating in a hazardous state. Those conditions
that require immediate intervention and notification
of the fire service shall result in operation of an
external warning signal such as a warning light and
audio alarm.

NOTE: The methods of communication to the
external operating station can vary depending upon

the design of the system.

Complied.
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18.24

The EWCS and the sources providing information
to the EWCS shall be evaluated as part of the
safety analysis of the system in Section 15. The
analysis shall identify those signals/information
from the various sources that would warrant the
EWCS to provide warning communications to
operators and local alarms that the system may
have a potential safety issue that needs to be
addressed to prevent further escalation. Those
signals that signify the need for an escalation of the
warning to the local fire department shall also be
identified in the analysis. The analysis shall
determine that the EWCS is capable of receiving
the signals from the various sources to send
communication to the operators as necessary.

NOTE: Examples of information that may be fed
into the EWCS from the BMS or EMS are
overvoltage conditions, over temperature
conditions, excessive BMS error messages,
operation of overcurrent devices, integral gas
detection indicating cell venting, etc

Complied.

P

18.2.5

The EWCS shall be installed as an integral
component of the ESS. It can be supplied by the
lithium batteries it is monitoring, but the EWCS
shall also have a dedicated backup power source
independent of the batteries it is monitoring to
prevent data to and from the EWCS being lost or
interrupted as part of the primary power source
failure, or delayed by more than 10 s. The backup
power source shall be capable of providing power
for at least 5 h for the data input and operator
communication portion of the system. This back
power source need not supply any visual or audible
sirens supplied as a part of the system for more
than 5 min.

Complied.

18.2.6

Instructions on the installation, operation and any
ongoing maintenance of the EWCS including its
back up power source shall be provided with the
ESS instructions. If installed indoors, the
instructions shall reference applicable criteria from
the Notification Appliances Chapter of NFPA 72, for
location and required intensity of visual and audio
alarms to be installed in the installation. Visual
alarms shall be in accordance with UL 1638, and
audio alarms shall be in accordance with UL
464/ULC 525. The maximum sound level for audio
alarms shall not exceed 110 dBA at the minimum
hearing distance. For outdoor installations, visible
alarms installed on the ESS, shall be located no
less than 203.2 cm (80 in) nor more than 243.8 cm
(96 in) above the ground.

Complied.

19

Heating and Cooling Systems
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19.1 Energy storage systems that rely upon thermal HVACs were used for P
management systems, either integral to the system | maintaining normal ambient
or provided at the installation site, to prevent internal temperature of DC
overheating or operation outside the specified safe |EsS. Chiller in each M-LINK is
operating range of the energy storage technology | purposed to cool down the
shall be designed to safely shutdown upon failure | heat generation from normal
of the thermal management system unless it can be | gperation of rechargeable Li-
demonstrated, that the thermal management ion battery systems.
system failure does not result in a hazardous
situation.
20 Piping Systems, Pressure Vessels, Fuel and Other Fluid Supply Connections and P
Controls
20.1 Piping systems, pressure vessels, fuel and other Coolant flowing piping P
fluid supply connections and controls shall comply | systems connected between
with 20.2 — 20.10. chiller and rechargeable Li-
Exception No. 1: Systems that are evaluated as ion battery systems were
part of a battery to UL 1973 need not comply polymetric materials and
with 20.2 - 20.10. complied to relevant
Exception No. 2: Coolant systems can be evaluated | requirement of pressure and
to the performance requirements of the Specific parts in contact with
Requirements for Liquid Cooled PDS clause in UL | electrolyte (other than
61800-5-1 or CSA C22.2 No. 61800-5-1. elastomeric materials) in
ANSI/UL1973.
20.2 Piping systems utilized to carry fluids in an ESS See above. N/A
such as water, heated air, fuel gases, etc. shall
comply with ASME B31 (all applicable parts),
or CSA B51, or CSA B52, or CSA Z662, or CSA
B149.1 as applicable.
20.3 Pressure vessels and related equipment including | No pressure vessels in DC N/A
pressure relief devices that fall under the scope ESS.
of ASME BPVC, or CSA B51, shall comply with the
applicable requirements.
20.4 Flammable fuel supply connections on the ESS No flammable fuel supply N/A
shall be suitable for the material contained and in | exists
accordance with the applicable part of ASME
B31 based upon the fluid, temperatures and
pressures they are subjected to.
205 A means shall be provided to prevent backflow of | gee gabove. N/A
process gases, etc. into the fuel supply lines either
as part of the ESS design or indicated in the
installation instructions.
20.6 The ESS shall be designed so that process water | No water is used in the N/A
used in the system shall be prevented from system.
contaminating potable water sources in accordance
with local regulations through the use of check
valves or other means as part of the system design.
20.7 Piping, hose, and tubing containing fluids, shall be |Complied. P

routed and secured to prevent leakage that could
result in a fire, explosion or shock hazard (e.g.
liquid leaking onto electrical circuits that can lead to
short circuits). Pressure relief valves shall be
located so that fluids are not directed toward live

parts or safety critical circuits should they operate.

No pressure relief valves
exists but chiller controls the
pressure of coolant flowing.
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20.8

ESS containing liquids, including ESS with coolant
systems containing liquid coolant, shall be provided
with some means of leak detection to monitor for
loss of coolant that could lead to a potential
hazardous condition. Coolant leaks that are
detected shall result in a warning signal to the ESS
monitoring and control system and shall initiate an
alarm if provided.

Complied.

Leak detection functionality
was evaluated by functional
safety and hazardous
condition and failure mode
analysis were conducted.

P

20.9

Manual shut off valves shall be provided on or near
the ESS in a location where they can be accessed
to allow for disconnection of the fuel or water
supply to the ESS for maintenance, etc. If not
provided on the system itself, installation
instructions shall indicate type, ratings and location
for installation of appropriate manual shut off
valves. Automatic (nonelectric type) and manual
valves intended for the use in flammable fluid lines
shall comply with UL/ULC 842. Solenoid valves
shall comply with UL 429 or CSA C22.2 No. 139.
Where flammable liquids are in use, an automatic
shutoff valve shall be provided to limit the release
of fuel during an abnormal condition.

Chiller operation shall be
considered.

N/A

20.10

Pressure regulators used on flammable or other
hazardous gas lines shall comply with UL 252, CSA
2662, or CSA B149.1, as applicable.

N/A

21

Containment of Moving Parts in Mechanical ESS

N/A

21.1

Mechanical ESS having moving parts with the
capacity to store kinetic energy (flywheel systems)
shall be provided with a means to contain the
moving parts in the event they could become
loosened during operation or through the influence
of external forces. If it is possible for moving parts
to become dislodged upon breakage or damage to
their securement means, the containment
mechanism shall adequately contain the loosened
moving parts to prevent hazards to persons or the
surrounding built environment. See Section 37.

Electrochemical ESS Product.

N/A

21.2

The alternator/generator elements associated with
mechanical ESS shall comply with UL 1004-1 and
other parts (UL 1004-2, UL 1004-3, UL 1004-5, UL
1004-6, UL 1004-7, UL 1007-8, UL 1004-9) as
applicable or CSA 22.2 No. 100.

Electrochemical ESS Product.

N/A

22

Noise Levels
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22.1

The noise level from an ESS during operation,
including noise levels in walk-in ESS that can be
entered during operation, shall be limited to an 8-hr
time-weighted average of 85 dBA when tested in
accordance with 29 CFR 1910.95 (C)(1)(2).
Measurements of the sound are determined in
accordance with 29 CFR 1910.95 or equivalent
method. Systems that have noise levels in excess
of this limit shall be provided with warning labels
and instructions that address hearing protection
and other protective measures to be taken for those
who may be exposed to the noise in accordance
with 29 CFR 1910.95.

NOTE: 29 CFR 1910.95 (C) (1)(2) indicates an 8-hr
limit of 90 dBA, unless exposures can exceed 85
dBA greater than 50 % of the time. The lower 85
dBA is chosen as this is a limit in accordance with
NIOSH limits and other standards. This still
exceeds the limits of the EU machinery directive,
which is 80 dBA.

Non walk-in ESS.

The external noise of product
was declared < 85 dBA.

P

23

Hazardous Fluid Control

N/A

23.1

Where the system contains fluid in excess of 208 L
(55 gal) in a single vessel or an aggregate of more
than 3785 L (1000 gal), secondary containment
shall be provided. Methods utilized for spill control
shall be sufficient to contain all of the fluid from the
largest liquid vessel within the system and
designed to prevent inadvertent filling with rain if
located outdoors. Where flammable liquids are
contained, any applicable fire detection and
protection systems shall be specified or included as
determined per Section 26. The spill control system
shall accommodate additional water from any
specified fire protection system for a period of 10
min. Automatic leak detection to annunciate the
spillage of fluid shall be provided.

Exception: If containment is not provided as part of
the product, then instructions regarding the need to
provide containment, fire detection and protection
systems and leak detection shall be included in the
instruction manual. The instructions shall also
specify the minimum volume of the containment
and information about compatibility of the
containment system with the fluid to be contained.
See 46.12.

No hazardous fluid exists.

N/A

232

Where a system contains conductive fluids, the
system shall be designed in a manner to prevent
the fluids from causing a short circuit in the event of
a spill. If spill control is not provided with the
system, then the instruction manual shall provide
directions on the spill control system design to

prevent any short circuits from fluid spilled.

No hazardous fluid exists.

N/A
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233

Neutralization of spills of any hazardous fluids shall
be provided if necessary to insure compatibility with
any materials the fluids may contact when in the
spill control system. Such neutralization shall occur
without the intervention of people and shall have
the capacity to neutralize the volume of fluid
specified in 23.1 to a pH level that is compatible
with the materials in the spill control system. If
required, neutralization shall be provided to insure
safe clean up and disposal of the spill.

Exception: If neutralization is not provided as part
of the product, then instructions regarding the need
to provide neutralization shall be included in the
instruction manual. The instructions shall also
specify the type and quantity of neutralizing
material required to meet the requirements of 23.3.
See 46.12.

No hazardous fluid exists.

N/A

234

Energy storage systems that contain fluids shall be
designed to prevent venting of toxic vapors in
concentrations considered to be hazardous based
on an evaluation conducted in accordance with
Sections 38 and 39.

No hazardous fluid exists.

N/A

24

Combustible Vapor Concentrations

24 .1

Enclosures of ESS that contain flammable fluid
systems or batteries that vent hydrogen or other
flammable gases to the atmosphere under normal
operations shall be ventilated to prevent hazardous
vapor concentrations unless electrical equipment
located within the classified area/zone within the
enclosure is rated for a Class | Division 1
classification or Zone 1 area/zone. Concentrations
in non-hazardous areas/zones of the ESS shall be
limited to 25 % of the lower flammability limit (LFL)
under normal maximum operating conditions.
Mechanical ventilation relied upon to maintain
concentrations below the required limits shall be
interlocked, so that the system shuts down upon
failure of the ventilation system.

Exception: Vented battery systems with aqueous
electrolytes such as lead acid or nickel cadmium
that are provided with ventilation openings in their
enclosures in accordance with 24.3, need not
comply.

No flammable fluid system
exists.

N/A

242

Electrochemical ESS which are not addressed

in 24.1 and which are dependent on mechanical
ventilation as a protection measure against
emission of flammable gas that can occur during
fault conditions to prevent hazardous gas
concentrations within the system, shall be equipped
with a fault detection system that activates the
mechanical ventilation in a manner which prevents
the LFL from exceeding 25 % in any non-

hazardous area/zone within the ESS.

N/A
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have a minimum opening area of:

A = 0.005NC5(cm3)

Where:

A = Total cross sectional net free area of ventilation
openings required (cm2)

N = Number of cells in battery

C5 = Capacity of battery at the 5-h rate (Ah)

Exception: The area of ventilation openings can be
reduced if it can be demonstrated that there is
sufficient ventilation within the battery to prevent
hydrogen accumulations above 25 % of the LFL of
hydrogen.

generate gas during normal
operation,

ANSI/CAN/UL9540:2020
Clause Requirement + Test Result - Remark Verdict
243 For ESS that contain batteries or similar storage Active ventilation system N/A
devices, openings to prevent hazardous exists and operated by
concentrations of flammable gases within an combustible gas detector and
enclosure can be used. Openings in the enclosure |smoke detector.
provided for ventile_ltion shall be constructed to The product DC ESS consists
prevent accumulation of flammgple gases that of Rechargeable Li-ion Battery
could lead to a hazardous condition from Racks.
concentrations of hydrogen gas due to electrolysis Li-ion batteries d ¢
of aqueous electrolytes for applicable battery I-on ta enez o no |
technologies, such as vented or valve regulated generta_\ e gﬁf L]erg nor:ma ¢
lead acid and nickel batteries and applicable Sgr?tri?alt(i):r’\ isirc?t?;l?i)r(eg?:
electrochemical capacitor technologies, greater
than 25 % of the LFL of hydrogen (equivalent to theasta;'\dard anqtNFfPAtﬁ55
1 % concentration in a volume of air). code. However, 1t IS for the
purpose of preventing
explosions after cell venting
and thermal runaway in
abnormal situations.
244 As an alternative to 24.3, ventilation openings shall | The product DC ESS does not N/A
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245

Electrochemical ESS with integral enclosures
where there is the potential for a flammable gas
concentration within the enclosure from an
abnormal condition such as thermal runaway and
propagation, shall be provided with deflagration or
explosion protection in accordance with NFPA

68 or NFPA 69. This protection shall be installed on
the ESS or its enclosure depending upon the type
of protection and installed in a location where its
operation shall not result in the introduction of a
hazard after installation. See the figure for BESS
Deflagration Protection Analysis, in the Annex for
Test Concepts and Application of Test Results to
Installations in UL 9540A for reference and
guidance.

Exception No. 1: The protection is not required if
the testing in accordance with UL 9540A with a
deflagration hazard analysis demonstrates that the
concentration of flammable gas measured during
testing remains under 25 % LFL within the room,
building, ESS cabinet, or walk-in ESS and there is
no potential for partial volume deflagration.

Exception No. 2: For ESS cabinets/enclosures,
protection other than as noted can be used if it has
been determined that the ESS cabinet/enclosure
has been designed to effectively protect against
hazards due to combustible concentrations when
the ESS has been tested in accordance with the
Unit Level or Installation Level test of UL 9540A.

The product DC ESS consists
of Rechargeable Li-ion
Battery Rack.

Active ventilation system
exists and operated by
combustible gas detector and
smoke detector.

Deflagration panel is
implemented on M-LINK
model LINK-S-MLK-F only.

P

246

Portions of ESS, in which flammable vapor
concentrations above 25 % LFL may be present
during normal operating conditions, shall be
provided with construction suitable for the
classification in accordance with NFPA 70, CSA
C22.1, or IEEE C2 as applicable to the intended
installation.

The product DC ESS does not
generate gas during normal
operation,

N/A

24.7

Electrical compartments adjacent to classified
zones within the ESS enclosure shall be
maintained at positive pressure in accordance
with NFPA 497, UL 60079-2 or CSA C22.2 No.
60079-2.

N/A

25

Flammable Solids

N/A

25.1

ESS containing hazardous solids (i.e. pyrophoric or
water reactive metals) shall be designed and
installed in accordance with NFPA 484.

No hazardous solids exist

N/A

26

Fire Detection, Suppression and Propagation

26.1

General

FACP is installed along with
smoke detector(s),
combustible gas detector, and
active ventilation system.
Refer to the fire safety logic in
the system.
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26.1.1

Fire detection and fire suppression equipment
provided as an integral part of an ESS shall comply
with applicable product safety standards and shall
be installed in accordance with the applicable
safety product standards and the manufacturer’s
instructions.

See above.

P

26.1.2

Energy storage systems with integral fire detection
or fire suppression systems shall be provided with
instructions for installing, commissioning,
maintaining and testing these systems in
accordance with applicable installation codes and
standards. NFPA 1 and ICC IFC provide
information on applicable requirements and codes
for fire suppression systems. See also Annex A.

See above.

26.1.3

If the ESS manufacturer’s instructions indicate that
an integral fire detection or fire suppression system
is optional, the ESS shall comply with all applicable
performance requirements in this Standard with
and without the integral fire detection or fire
suppression system in place and operational.

See above.

26.2

Large scale fire testing

26.2.1

Electrochemical type ESS, including but not limited
to capacitor and battery ESS, shall be subjected to
the large scale fire testing in accordance with UL
9540A as follows in (a) — (d).

a) Systems with increased energy capacities as
required in codes and standards;

b) Systems with decreased separation distances to
adjacent ESS units, doors and windows, or
exposures. See 46.2 and/or 46.4;

c¢) Indoor systems; or

d) Systems for installation in dwelling units (where
permitted).

NOTE: See Annex E for guidance on code limits
related to separation distances and energy
capacity.

Complied.

Refer to UL9540A battery cell,
module, and unit level test
reports.

26.2.2

Electrochemical ESS intended for use in the living
or habitable space of a residential dwelling unit
(where permitted) shall meet the Performance —
Cell Level Test requirements in UL 9540A. Systems
complying with these requirements shall be marked
in accordance with 45.3(e)(1).

NOTE: CSA C22.1 indicates the following wording
for this marking “This equipment meets the cell
level performance criteria of UL 9540A”.

See 45.3(e)(2).

Commercial and Industrial
Application.

N/A

26.2.3

Electrochemical ESS intended for use in dwelling
units where UL 9540A testing is indicated per the
codes and standards, shall minimally meet the Unit
Level Performance Criteria for residential
installations identified in UL 9540A with a test that
aligns with the manufacturer’s installation
instructions. These ESS shall be marked in

accordance with 45.3(e)(3).

Commercial and Industrial
Application.

N/A
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26.24

Electrochemical ESS intended for non-residential
use shall be subjected to specific large scale fire
testing in accordance with UL 9540A for
installations described in the manufacturer’s
instructions.

Complied.

Refer to UL9540A battery cell,

module, and unit level test
reports.

P

27

Power Conversion Equipment

N/A

27.1

General

DC Energy Storage System
Subassemblies.

N/A

27.1.1

Inverters, chargers, and charging charge control
equipment that are part of an energy storage
system shall be designed and rated for use with the
battery system employed in the energy storage
system and evaluated to UL 1741, UL 62109-

1 or CSA C22.2 No. 62109-1, UL 1012, UL 62368-
1/CSA C22.2 No. 62368-1, or CSA C22.2 No.
107.1 as applicable to the power conversion
equipment and its application in the system.
Exception: UL 1778/CSA C22.2 No. 107.3 may be
used as an alternative to the power conversion and
charger equipment standard references if
applicable to the ESS application serving an
uninterruptible power system (UPS).

See above.

N/A

27.2

Utility grid interaction

DC Energy Storage System
Subassemblies.

N/A

27.21

Energy storage systems intended to export energy
to the electric power systems (EPS)/electric utility
shall be designated as utility-interactive, grid
support utility-interactive, or special purpose utility-
interactive and shall utilize the appropriately
evaluated power conditioning systems.

See 6.41, 6.44, and 6.45.

See above.

N/A

27.2.2

The inverter shall be designed to properly
interconnect with the particular energy storage
technology it is connected to as determined by the
system safety analysis.

See above.

N/A

2723

Products that rely upon internal or external utility
interconnection protection functions or devices shall
be specifically identified for the particular product in
the ESS instructions.

See above.

N/A

273

Utility grid interactive inverter

DC Energy Storage System
Subassemblies.

N/A

27.3.1

A utility-interactive inverter, grid support utility-
interactive inverters, or subassembly of an ESS
shall comply with UL 1741, UL 62109-1 or CSA
C22.2 No. 62109-1, or CSA C22.2 No. 107.1.

See above.

N/A

273.2

Utility-interactive ESS inverters shall be evaluated
for compliance with additional utility interactive
document(s) and standard(s) if those specific
documents or requirements are referenced in the
product ratings or instructions.

See above.

N/A

27.4

Standalone and multi-mode power conditioning
systems

DC Energy Storage System
Subassemblies.

N/A

TRF No. ANSI/CAN/UL9540:2025



https://www.ulsestandards.org/uls-standardsdocs/onlineviewer/documentLoader_Recursive.aspx?Catalog=UL&Path=9540/S9540_3_WEB/sect1.html#SPECIALPURPOSEUTILITY-INTERACTIVEIN-C8D3F7D4
https://www.ulsestandards.org/uls-standardsdocs/onlineviewer/documentLoader_Recursive.aspx?Catalog=UL&Path=9540/S9540_3_WEB/sect1.html#UTILITY-INTERACTIVEINVERTERAnInvert-C8D3F8A3
https://www.ulsestandards.org/uls-standardsdocs/onlineviewer/documentLoader_Recursive.aspx?Catalog=UL&Path=9540/S9540_3_WEB/sect1.html#UTILITY-INTERACTIVEINVERTERCONVERTE-C8D3FA25

Page 37 of 61

ANSI/CAN/UL9540:2020

Clause

Requirement + Test

Result - Remark

Verdict

2741

Power conditioning systems for standalone and
multi-mode applications shall comply with UL
1741, UL 62109-1 or CSA C22.2 No. 621091,
or CSA C22.2 No. 107.1.

See above.

N/A

28

Energy Storage System Technologies

28.1

Electrochemical ESS

Rechargeable Li-ion Battery
System.

28.1.1

Batteries, electrochemical capacitors, hybrid
battery-capacitor systems or flow batteries used in
an electrochemical ESS shall comply with the
requirements of UL 1973. Testing and evaluation of
the battery system, which would include the battery
and its battery management system is conducted
as part of evaluation to UL 1973. Inverters and
charging equipment that are part of the ESS shall
be designed for use with the battery system
employed in the ESS. For general information on
battery safety, see also informative Annex B.
Exception: For valve regulated or vented lead acid
or nickel cadmium battery systems, see

Annex D for an alternative approach.

See above.

28.2

Chemical ESS

N/A

28.2.1

A chemical ESS consists of storage of hydrogen
fuel and the means to change the fuel into electrical
energy using a fuel cell system or a hydrogen gas
turbine. To convert electrical energy into hydrogen
fuel, a hydrogen generator using water electrolysis
is also part of the overall system. Fuel cell systems
that are part of a chemical ESS shall comply

with CSA FC 1, Fuel Cell Power Systems.

N/A

28.2.2

Stationary engine generators that are part of a
chemical ESS shall comply with UL 2200 or CSA
C22.2 No. 100, and CSA C22.2 No. 286.

N/A

28.2.3

Water electrolysis type hydrogen generators used
in an ESS to provide hydrogen for storage shall be
evaluated and found to be in compliance to an
appropriate safety standard for the equipment.

N/A

28.24

Hydrogen fuel containing parts of a chemical ESS
shall be constructed of materials suitable for
gaseous hydrogen service at the pressures and
temperatures of use. Pressure vessels used for
storage of gaseous hydrogen and piping employed
as part of a chemical ESS shall comply with
Section 20.

N/A

283

Mechanical ESS

N/A

28.3.1

Mechanical ESS such as, but not limited to,
flywheel systems or compressed air energy storage
(CAES) systems shall be evaluated to determine
that hazards associated with moving parts with the
capacity to store kinetic energy, and high pressure
and high temperature fluids contained in the system
are mitigated. Compliance is determined by

evaluation to the requirements of this Standard.

N/A
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28.3.2

Flywheel systems and other systems with moving
parts with the capacity to store kinetic energy shall
comply with the Containment of Moving Parts tests
of Section 37 and the Strength Tests of Section 39.
Parts containing hazardous fluids shall comply with
the Leakage Tests of Section 38 and the Strength
Tests of Section 39.

N/A

28.3.3

Flywheel energy storage devices with a maximum
surface speed of 200 m/s or less fall within
standard electric generator design practice and
shall be evaluated in accordance with the Standard
for Electric Generators, UL 1004-4 or the Standard
for Motors and Generators, CSA 22.2, No. 100.

Exception: In some cases, flywheel energy storage
systems with maximum surface speeds of 200 m/s
or less may have features such as magnetic
bearings that are not commonly found on ordinary
electric machines as covered in UL 1004-4 or CSA
22.2, No. 100. The safety of these features shall be
evaluated and tested to all applicable requirements
in this Standard.

N/A

284

Thermal ESS

N/A

28.4.1

A thermal ESS consists of gases, fluids, and/or
solids storing heat energy that can be turned into
electrical energy when needed through the use of
energy conversion equipment (e.g. engines,
generators).

NOTE: The three types of thermal ESS are
sensible heat, latent heat and thermochemical
thermal ESS.

N/A

28.4.2

Thermal ESS shall be evaluated to determine
hazards associated with containment of high
temperature and high pressure and potentially
hazardous fluids are mitigated. Compliance is
determined by evaluation to the requirements of
this Standard. Parts containing hazardous fluids
and fluids at high temperatures and pressures shall
comply with the Leakage Tests of Section 38 and
the Strength Tests of Section 39.

N/A

28.4.3

Stationary engine generators that are part of a
thermal ESS shall comply with UL 2200 or CSA
C22.2 No. 100, and CSA C22.2 No. 286.
Generators that are part of a thermal ESS shall
comply with UL 1004-4 or CSA C22.2 No. 100.

N/A

28.4.4

Hazardous fluid containing parts of a thermal ESS
shall be constructed of materials suitable for use
with that fluid at the pressures and temperatures of
use. Pressure vessels used for storage and piping
employed as part of a thermal ESS shall comply
with Section 20. Stresses on containment parts
associated with swings of high and low temperature
extremes shall be considered when evaluating the

suitability.

N/A
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28.4.5

Containment systems for combustible materials
(solids or fluids) shall be designed to prevent the
potential for explosion hazards as a result of
contact with moisture, contaminants, etc.

N/A

28.4.6

A thermal ESS shall have sufficient pressure
controls, fluid level controls and temperature
controls to prevent the potential for a hazardous
condition from occurring through an out of
specification operation. Compliance is determined
through the safety analysis of the system and the
functional safety investigation of the controls per
Section 15 and the abnormal operations tests for

thermal ESS in accordance with Section 31.

N/A

PERFORMANCE

29

General

Complied.

29.1

The energy storage technologies employed as part
of an ESS shall be tested and determined
compliant to an applicable technology safety
standard. Where no applicable safety standard
exists, they shall be tested in accordance with this
Standard.

Li-ion technology was used.
Applied ANSI/UL1973 as the
safety standard.

29.2

All tests conducted in accordance with this
Standard shall be conducted in an environment
with a room ambient temperature of 25 5 °C (77
19 °F), unless otherwise noted in the test method.
Any cooling systems or other auxiliary systems that
are part of the ESS shall be operating during
testing when their operation can affect the outcome
of the test or when otherwise noted in the test
method. For testing purposes, samples and
parameters used for testing shall consider smallest
size conductors and maximum allowed overcurrent
protection in addition to worse case loading and
temperatures conditions.

Used HVAC(s) for controlling
internal ambient temperature
of subassembly parts of E-
PANEL and M-LINK,

The enclosure of DC ESS is
for outdoor use.

29.3

Temperature shall be measured using
thermocouples consisting of wires not larger than
0.21 mm2 (24 AWG) and not smaller than 0.05
mm2 (30 AWG) connected to a potentiometer-type
instrument. Temperature measurements shall be
made with the measuring junction of the
thermocouple held tightly against the
component/location being measured. For those
tests that require the sample to reach thermal
equilibrium (also referred to as steady state
conditions), thermal equilibrium is considered to be
achieved if after three consecutive temperature
measurements taken at intervals of 10 % of the
previously elapsed duration of the test but not less
than 15 min, indicate no change in temperature

greater than +2 °C (3.6 °F).

Complied.
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294

The tests contained in this Standard may result in
explosions, fire and emissions of flammable and/or
toxic fumes as well as electric shock. It is important
that personnel use extreme caution and follow local
and regional worker safety regulations when
conducting any of these tests and that they be
protected from flying fragments, explosive force,
and sudden release of heat and noise that could
result from testing. The test area is to be well
ventilated to protect personnel from possible
harmful fumes or gases. As an additional
precaution, the temperatures on surfaces of parts
that may get hot or cold during testing may be
monitored during the test for safety and information
purposes. All personnel involved in the testing shall
be instructed to never approach the device under
test (DUT) until temperatures have returned to
within room ambient temperatures.

Complied.

P

ELECTRICAL TESTS

30

Normal Operations Test

30.1

A normal operations test can be waived for
equipment of an ESS where a similar evaluation
such as a temperature test has already been
conducted under the specific technology standard.

A representative DC ESS was
subjected for the normal
operations test.

N/A

30.2

In conducting the electrical tests required in this
Standard, the ESS shall be operated through a
minimum of 2 cycles of charge and discharge of the
system at the maximum loading rates as specified
by the manufacturer. If a duty cycle is specified as
noted in 45.4, then the discharge and charge cycles
shall be repeated at the specified duty cycle until
maximum temperatures during each part of the
cycle achieve equilibrium. For each cycle, the ESS
shall be discharged completely, recharged
immediately to a full state of charge, followed by a
delay to achieve the specified duty cycle.
Exception: Normal operations testing on a
subassembly may be conducted instead of the
complete ESS if through analysis it can be
determined to be representative of the ESS. The
rationale used to determine the suitability of the
subassembly to represent the complete ESS shall
be documented.

Total two(2) cycles of
charging and discharging
were applied.

Maximum charging and
discharging profile of 0.25CP
rating was used.

30.3

During the test, consideration shall be given to
maximum and minimum room ambient conditions.
During operation, temperatures on critical
components that are temperature sensitive shall be
monitored and operating parameters of
components of the system monitored to determine
that they are operating within their ratings. If the
ESS is intended for mounting on a wall, it shall be
mounted as intended in accordance with installation
instructions on a flat wall in an alcove that is
painted a dull black, and temperatures shall be
monitored on the wall surfaces during the test.

The product is outdoor use.
The operation of HVAC and
Chiller maintain the
temperature environmental
condition of power flowing
subassemblies. e.g.)
rechargeable Li-ion battery
systems, etc.
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30.4

During the normal operations test, the
manufacturer’s specified limits shall not be
exceeded during the charging and discharging
cycles. Temperatures measured on components
shall not exceed their specifications in accordance
with Table 30.1. Temperatures on accessible
surfaces of the ESS shall not exceed the limits in
accordance with Table 30.2.

No sign of exceeding
temperature limit was
observed.

P

31

Abnormal Operation Tests for Thermal Energy Stora

ge Systems

N/A

31.1

General

Electrochemical ESS

N/A

31.11

Thermal ESS shall remain in a safe state should
the thermal controls, fluid controls or pressure
controls of the system fail.

See above.

N/A

31.2

Failure of thermal controls

See above.

N/A

31.2.1

The thermal ESS shall be operated during charging
and discharging with a single fault within the
thermal control system. The test shall be conducted
at ambient conditions and the ESS shall be
operated at maximum normal operating limits of the
system. Temperatures on temperature sensitive
components and accessible surfaces shall be
measured during the test. Pressures shall also be
monitored. The ESS shall be subjected to one
charge and one discharge cycle.

See above.

N/A

31.2.2

The system shall be operated until the discharge or
recharge is complete or until the controls shut the
system down to prevent hazards. As a result of the
test, there shall be no evidence of fire, explosion,
rupture of parts containing hazardous fluids or
leakage of hazardous fluids.

See above.

N/A

31.3

Exposure to out of specification thermal conditions

See above.

N/A

31.3.1

The thermal ESS shall be subjected to a
temperature conditions outside of the operating
specifications of the system to determine if the
controls will prevent an over temperature condition
or other condition that could lead to a hazard. The
ESS or a representative subassembly shall be
subjected to an ambient of 70 °C (158 °F) or 20 °C
(36 °F) above the maximum specified operating
ambient, whichever is higher and then an ambient
of -30 °C (-22 °F) or 20 °C (36 °F) below the lowest
specified operating ambient, whichever is lower.
The ESS shall be operated during this conditioning.
For example, if supplied by solar, so that charging
takes place during the day, the high temperature
exposure shall take place during the charging
phase. If the discharging phase is in the evening,
the cold temperature exposure shall take place
during the discharge phase. Only one complete
cycle of charge and discharge is required, and the
DUT shall be charged or discharged until the end of
each condition or until thermal controls stop the
operation.

See above.

N/A
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31.3.2

As a result of the tests, there shall be no evidence
of fire, explosion, rupture of parts containing
hazardous fluids or leakage of hazardous fluids.
Thermal controls shall prevent the system from
operating outside of safe limits.

See above.

N/A

31.4

Failure of pressure controls

See above.

N/A

31.4.1

The thermal ESS shall be operated during charging
and discharging with a single fault within the
pressure control system. The test shall be
conducted at ambient conditions and the ESS shall
be operated at maximum normal operating limits of
the system. Temperatures on temperature sensitive
components and accessible surfaces shall be
measured during the test. Pressures shall also be
monitored. The ESS shall be subjected to one
charge and one discharge cycle.

See above.

N/A

31.4.2

The system shall be operated until the discharge or
recharge is complete or until the controls shut the
system down to prevent hazards. As a result of the
tests, there shall be no evidence of fire, explosion,
rupture of parts containing hazardous fluids or
leakage of hazardous fluids.

See above.

N/A

31.5

Failure of fluid controls

See above.

N/A

31.5.1

The thermal ESS shall be operated during charging
and discharging with a single fault within the
various fluid level control systems relied upon for
safety. Examples of these systems can include a
gas system used to provide an inert atmosphere
within containment chambers, a liquid leak control,
etc. The test shall be repeated with the single fault
in each separate fluid level control system. The test
shall be conducted at ambient conditions and the
ESS shall be operated at maximum normal
operating limits of the system. Temperatures on
temperature sensitive components and accessible
surfaces shall be measured during the test.
Pressures shall also be monitored. The ESS shall
be subjected to one charge and one discharge
cycle.

See above.

N/A

31.5.2

The system shall be operated until the discharge or
recharge is complete or until the controls shut the
system down to prevent hazards. As a result of the
tests, there shall be no evidence of fire, explosion,
rupture of parts containing hazardous fluids or
leakage of hazardous fluids.

See above.

N/A

32

Dielectric Voltage Withstand Test

Complied.

32.1

The dielectric voltage withstand test is an
evaluation of the electrical spacings and insulation
associated with the hazardous voltage circuits
within the DUT.

Electrical insulation between
primary and secondary circuits
were subjected to be tested.
Live parts and dead metals
were selected as the
additional insulation and
spacing check.
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32.2

Circuits at 42.4 Vpeak/ 30 Vrms or 60 Vdc or higher
shall be subjected to a dielectric withstand voltage
in accordance with the “Determining clearances
using required withstand voltage” clause of UL
62368-1/CSA C22.2 No. 62368-1.

Exception No. 1: Semiconductors or similar
electronic components liable to be damaged by
application of the test voltage shall be bypassed or
disconnected.

Exception No. 2: The dielectric voltage withstand
test need not be conducted on integral ESS, fuel
cells, and inverter systems, etc. that have already
been evaluated in accordance with their individual
standard requirements. Only those electrical parts
external to the tested systems and their
connections not previously evaluated need to be
tested.

Complied.

P

32.3

The voltage applied during the dielectric voltage
withstand test is to be applied between the
hazardous voltage circuits of the DUT and
accessible non-current carrying conductive parts.

Complied.

32.4

The voltage applied during the dielectric voltage
withstand test is also to be applied between the
hazardous voltage charging circuit and the
enclosure/accessible non-current carrying
conductive parts of the DUT.

Complied.

32.5

The voltages applied during the dielectric voltage
withstand test shall be applied for a minimum of
1 min.

Min. 1 minute.

32.6

The test equipment shall consist of a 500 VA or
larger capacity transformer, the output voltage,
which is variable and which is essentially sinusoidal
if using ac test method, a dc output if using a dc
test method. There is no trip current setting for the
test equipment since the test is checking for
insulation breakdown, which results in a large
increase of current. Setting a trip current may result
in a false failure of this test, as it is not necessarily
indicative of insulation breakdown.

Exception: A 500 VA or larger capacity transformer
need not be used if the transformer is provided with
a voltmeter that directly measures the applied
output potential.

Complied.

32.7

There shall be no evidence of a dielectric
breakdown (breakdown of insulation resulting in a
short through insulation/arcing over electrical
spacings) as evidenced by an appropriate signal
from the dielectric withstand test equipment as a
result of the applied test voltage. Corona discharge
or a single momentary discharge is not regarded as
dielectric breakdown (i.e. insulation breakdown).

No sign of breakage

33

Impulse Test

Complied.
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33.1

The impulse voltage test is intended to evaluate the
ESS’s ability to withstand lightning or similar
surges. Systems provided with protection that has
already been evaluated for voltage surges (e.g.
inverters meeting IEEE 1547 criteria) need not be
tested if it can be determined that the parts
connected to the power conditioning system can
withstand any let through current that may occur.

Complied.

Used Recognized
Components of Surge
Protection Device(SPD) were
considered for testing.

P

33.2

The impulse voltage test shall be performed with an
impulse generator able to provide voltage having a
1.2/50 ys waveform (see the Full Impulse Voltage
Time Parameters figure of IEC 61180) at voltages
in accordance with Table 33.1, and is intended to
simulate an overvoltage condition due to lightning
or switching of equipment.

Complied.

33.3

Pulses shall be applied at 1.2/50 us for each
polarity in = 1 s time intervals at the peak voltage
for the rating of the circuit under test 5 %

per Table 33.1. The test voltage is to be applied
between the terminal/circuit under test and
accessible parts. For circuits at 1000 V or less,
three pulses at each polarity shall be applied. For
circuits over 1000 V, 5 pulses at each polarity shall
be applied.

Exception: Impulse test levels can be based on the
transient voltage surge suppression device rating if
provided.

More severe condition of 5
pulses was applied
regardless circuit voltage from
I/O terminals.

33.4

As a result of the applied impulse voltage test, there
shall be no puncture of insulation (i.e. electrical
breakdown through solid insulation), occurrence of
flashover (i.e. electrical breakdown over the surfaces
of solid insulation), or spark-over (i.e. electrical
breakdown through fluids such as air).

Complied.
Sample remained intact.

34

Equipment Grounding and Bonding Test

Complied.

341

The impedance of the system grounding and
bonding circuit shall be determined using one of the
following methods:

a) The circuit between the grounding terminal and
the part to be grounded is measured using
impedance measuring equipment;

b) In accordance with the Continuity of the
Equipment Grounding Circuit section, Section 18.2
of NFPA 79 (voltage drop measurement of the
circuit using a 10 A low voltage supply source); or
c) In accordance with test in the “Resistance of the
Protective Bonding System” clause, Clause 5.6.6
of UL 62368-1/CSA C22.2 No. 62368-1 (measuring
voltage drop in circuit using a low voltage supply
source providing a current based upon circuit
protection rating).

d) The fault loop impedance measurement in
accordance with IEC 60364-4-41.

In Canada, the circuit under test is referred to as

the bonding circuit per CSA C22.1.

Complied with method a) and
b)

No Canadian deviation was
considered.
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34.2

The impedance for all grounding and bonding
circuits tested shall not exceed 0.1 Q, or if using the
test method in 30.1(d), the compliance criteria shall
be in accordance with IEC 60364-4-41.

Did not exceed 0.1 Q

P

35

Insulation Resistance Test

Complied.

35.1

The resistance of insulation used on hazardous
voltage circuits within an ESS shall be greater than
or equal to 1 MQ.

Measured greater than 1MQ

35.2

The insulation resistance shall be measured using
high impedance measuring equipment (e.g. mega
ohmmeter) while applying a voltage of 500 Vdc
between the live parts of the circuit under test and
accessible conducting parts including the
equipment grounding circuit, for 1 min.

Exception No. 1: Energy storage systems need not
be tested if the insulation resistance has been
previously evaluated as part of the particular
technology safety standard.

Exception No. 2: The insulation resistance test of
IEC 60364-6 can be conducted instead.

Exception No. 3: This test can be waived if the
permanently connected wiring has:

a) A cross-section of the protective earthing
conductor of at least 10 mm2 if copper, or 16
mm?2 if aluminum; or

b) Provision of an additional terminal for a second
protective earthing conductor of the same cross-
sectional area as the original protective earthing
conductor and installation instructions requiring a
second protective earthing conductor to be
installed.

Exception No. 4: The touch current measurement
test of IEC 62040-1 may be conducted instead.

A voltage of 1 000 Vdc was
used instead of 500 Vdc.

35.3

Resistor(s) and/or resistor networks may be
removed when conducting the insulation resistance
test.

Complied.

36

Electromagnetic Immunity Tests

36.1

General

Complied.
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36.1.1

Electronics and software controls determined to be
critical for safety shall demonstrate sufficient
immunity to electromagnetic interference by
complying with the tests specified in these sections.
Alternate test procedures and levels specified in
other standards may be used, but only if they are
equivalent or more severe than the test procedures
and levels specified below. This testing is not
required if EMI testing has already been conducted
as part of the control’s functional safety
investigation.

Exception: This testing does not apply to controls
within components of the ESS that have already
been evaluated for EMI exposure in accordance to
their applicable component standard such as UL
1741 for power conditioning systems.

Safety controls related
firmware version and unique
identifier were checked before
and after electromagnetic
immunity tests.

P

36.1.2

Each test shall begin with an operational DUT.

36.1.3

During the tests in this section, the DUT shall be
operated in mode(s) that include the safety
function(s) being evaluated. If multiple modes are
to be considered (example: equipment controlling
the charging and discharging of the energy storage
device), the DUT shall either be cycled through
those modes during the tests, or the tests repeated
in each mode. While cycling through modes, the
DUT shall not exhibit any signs of loss of safety
functions or risk of fire, electric shock, or personal

injury.

Three modes of charging,
discharging and standby were
applied.

36.1.4

After each test in this section, the DUT shall be
inspected to verify that it is still operational. This
may require Operational Verification (36.8) of the
DUT if it is not possible to determine that it is fully
operational by inspection. If the DUT is no longer
operational, a failure analysis shall be conducted to
determine the reason for the failure and to verify
that the DUT has failed safely. A DUT that is no
longer operational shall not be used on any
remaining test.

DUT remains intact and
operational verification was
checked.

36.1.5

In addition, after all tests in this section have been
completed, all samples used during the tests
specified in Section 36 shall comply with the
Operational Verification in Section 36.8.

Complied.

36.2

Electrostatic discharge

36.2.1

The DUT shall demonstrate immunity to
electrostatic discharges in accordance with the test
procedure specified in IEC 61000-4-2 and the
modes of operation stated in 36.1.3.

Both contact and air
discharge were applied.

36.2.2

The following test levels shall be used:
a) 6 kV contact discharge; and
b) £8 kV air discharge.

See above.

36.2.3

After the test, the DUT shall comply with 36.1.4.

DUT remains intact and
operational verification was
checked.
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36.3

Radio-frequency electromagnetic field

36.3.1

The DUT shall demonstrate immunity to radio-
frequency electromagnetic fields in accordance with
the test procedure specified in IEC 61000-4-3 and
the modes of operation stated in 36.1.3.

Applied all three modes.

36.3.2

The following test levels shall be used:
a) 10 V/m from 80 MHz to 1 GHz, 1 kHz (80 %
AM); and

b) 3 V/m from 1.4 GHz to 6.0 GHz, 1 kHz (80 %
AM)

Used stated test levels.

36.3.3

During the test, the DUT shall comply with 36.1.3.

Complied.

36.3.4

After the test, the DUT shall comply with 36.1.4.

Complied.

36.4

Fast transient/burst immunity

36.4.1

The DUT shall demonstrate immunity to electrical
fast transients/bursts in accordance with the test
procedure specified in IEC 61000-4-4 and the
modes of operation stated in 36.1.3.

Applied all three modes.

T|TV|T| T

36.4.2

The following test levels shall be used:

a) On signal/control ports intended to be connected
to cables longer than 3 m (118.1 in), £1 kV (5/50
ns, 5 kHz); capacitive clamp shall be used;

b) On input and output DC ports, 1 kV (5/50 ns, 5
kHz); and

¢) On input and output AC ports, 2 kV (5/50 ns, 5
kHz).

Used stated test levels.

36.4.3

With reference to 36.4.2, the test levels shall be
applied to all external accessible ports of the
equipment in an ESS. External accessible AC ports
shall be conducted using the test level specified

in 36.4.2(c). External accessible DC ports shall be
conducted using the test level specified

in 36.4.2(b).

Complied.

36.4.4

After the test, the DUT shall comply with 36.1.4.

Complied.

36.5

Surge immunity

36.5.1

The DUT shall demonstrate immunity to surges in
accordance with the test procedure specified in IEC
61000-4-5 and the modes of operation stated

in 36.1.3.

Applied all three modes.

36.5.2

The following test levels shall be used:

a) For 1/O signal/control ports intended to be
connected to long-distance cables longer than 30 m
(1181.1 in), which leave the building, and/or are for
outdoor use, +1 kV line-to-ground;

b) For input and output DC ports, £0.5 kV line-to-
line, and £1 kV line-to-ground; and

c¢) For input and output AC ports, 1 kV line-to-line,

and 12 kV line-to-ground.

Used stated test levels.
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36.5.3

With reference to 36.5.2, the test levels shall be
applied to all external accessible ports of the
equipment in an ESS. External accessible AC ports
shall be conducted using the test level specified

in 36.5.2(c). External accessible DC ports shall be
conducted using the test level specified

in 36.5.2(b).

Complied.

P

36.5.4

After the test, the DUT shall comply with 36.1.4.

Complied.

36.6

Radio-frequency common mode

36.6.1

The DUT shall demonstrate immunity to radio-
frequency conducted disturbances in accordance
with the test procedure specified in IEC 61000-4-
6 and the modes of operation stated in 36.1.3.

Applied all three modes.

36.6.2

The following test levels shall be used:

a) For 1/O signal/control ports intended to be
connected to cables longer than 3 m (118.1 in), 10
V (150 kHz to 80 MHz, 1 kHz, 80 % AM);

b) For input and output DC ports, 10 V (150 kHz to
80 MHz, 1 kHz, 80 % AM); and

c¢) For input and output AC ports, 10 V (150 kHz to
80 MHz, 1 kHz, 80 % AM).

Used stated test levels.

36.6.3

With reference to 36.6.2, the test levels shall be
applied to all external accessible ports of the
equipment in an ESS. External accessible AC ports
shall be conducted using the test level specified

in 36.6.2(c). External accessible DC ports shall be
conducted using the test level specified

in 36.6.2(b).

Complied.

36.6.4

During the test, the DUT shall comply with 36.1.3.

Complied.

36.6.5

After the test, the DUT shall comply with 36.1.4

Complied.

36.7

Power-frequency magnetic field

36.7.1

The DUT shall demonstrate immunity to power-
frequency magnetic fields in accordance with the
test procedure specified in IEC 61000-4-8 and the
modes of operation stated in 36.1.3.

Applied all three modes.

T|T|T| T

36.7.2

The following test level shall be used: 10 A/m.

Used stated test levels.

36.7.3

During the test, the DUT shall comply with 36.1.3.

Complied.

36.7.4

After the test, the DUT shall comply with 36.1.4.

Complied.

36.8

Operational verification

36.8.1

After the tests in 36.2 — 36.7 have been completed,
all samples used during these tests shall comply
with the following.

Complied.

T|TV|TV|T| T

36.8.2

The manufacturer shall declare the anticipated
performance of all safety functions performed by

electronics and software controls.

Complied.
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36.8.3

The manufacturer shall provide test procedures to
verify that each of the safety functions performed
by electronics and software controls is working
correctly. This may include, for example,
verification of correct safety function performance
by simulation.

Complied.

All protective functions under
functional safety evaluation
were remained intact.
Simulated safety function
performance were checked
after completion normal
operation of charging and
discharging DUT.

P

36.8.4

During the test procedures specified in 36.8.3, each
DUT shall exhibit one of the following behaviors:

a) No loss of safety functions; or

b) Transition to an appropriate state to ensure safe
operation of the DUT.

DUT was fully operational and
remained intact after all tests.

36.9

Operational verification of remote software
update capability

No remote software update is
available.

N/A

36.9.1

The test of 36.8 shall be conducted on safety
controls intended for remote software updates in
accordance with Section 16 to ensure that they are
operational after the update. See 16.1.7 and 16.2.8.

See above.

MECHANICAL TESTS

37

Containment of Moving Parts

No moving part in the
product.

N/A

371

Control system fault overspeed test

Not applicable.

N/A

3711

An ESS with moving parts having the capacity to
store kinetic energy that is capable of being
subjected to overspeed conditions through a fault in
the system controls shall be subjected to an
overspeed test.

N/A

37.1.2

The system controls shall be subjected to single
fault in the controls that would allow overspeed of
the moving parts. The DUT shall be operated at
overspeed conditions until a secondary protection
control operates to stop operation of the DUT.

N/A

37.1.3

As a result of the overspeed condition, the moving
part(s) shall not become loosened or disconnected
in a manner that would result in a hazardous
condition. If completely loosened or disconnected
as a result of the overspeed conditions, the
containment means shall safely contain the part(s)
in accordance with the Faulted Securement Test
in 37.2.

N/A

37.1.4

The system controls shall limit the overspeed to a
level less than the speed defined in 37.4.

N/A

37.2

Faulted securement test

Not applicable.

N/A

37.2.1

An ESS with moving parts with the capacity to store
kinetic energy shall be subjected to the faulted
securement test when a fault in primary
securement means of the moving part has the

potential to result in a hazard.

N/A
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37.2.2

The moving parts of the system shall be subjected
to a single fault of the primary means of
securement while operated at the maximum speed
anticipated during normal operation. The primary
means of securement to be removed, such as a
failed bearing, shaft, or other part of the
securement of the moving part with respect to the
stationary housing, shall be determined through a
safety analysis that identifies failure of the selected
means as representing the potential worst case
condition. Refer to Section 15 for the safety
analysis requirements.

N/A

37.2.3

This test is not required in cases where test or field
data is available to support the safety analysis
indicating that there is not a hazard associated with
the loss of primary securement.

N/A

37.2.4

The system shall be operated until one of the
following occurs:

a) The part has operated for 30 min under the
faulted condition;

b) A protection control operates to stop operation of
the DUT or hazardous moving part; or

c) The part has loosened and is completely or
partially disconnected from its securement means.

N/A

37.2.5

As a result of the operation with a faulted
securement condition, the moving part(s) shall not
become loosened or disconnected to result in a
hazardous condition. If completely loosened or
disconnected, the containment means for the part
shall safely contained the part(s).

N/A

37.3

Blocked shaft test

Not applicable.

N/A

37.3.1

An ESS with moving parts with the capacity to store
kinetic energy shall be subjected to the blocked
shaft test if blocking the shaft or moving parts has
the potential to result in a hazard.

N/A

37.3.2

With the moving part blocked to prevent movement,
the system shall be operated at the maximum
ratings allowed for a zero speed condition.

N/A

37.3.3

The system shall be operated:

a) With the part blocked for 30 min and then
stopped;

b) Until a protection control operates to stop
operation of the DUT with the blocked part; or
¢) Until any moving parts break off or become
completely or partially disconnected from its
securement means.

Exception: Moving parts already evaluated for
blocked shaft conditions as part of a component
evaluation, need not be tested.

N/A
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37.3.4

As a result of operating the system with a blocked
shaft/moving part condition, the part shall not
become loosened or disconnected to result in a
hazardous condition. If the part becomes
completely loosed or disconnected, the
containment means for the part shall safely contain
the part(s). There shall be no overheating of parts
that will result in a hazard such as fire or explosion.

N/A

37.4

Mechanical integrity test

Not applicable.

N/A

37.41

An ESS with any moving part having the capacity to
store kinetic energy shall have the mechanical (i.e.
rotating) energy storage elements designed to have
a minimum margin factor of safety. The factor of
safety requirements vary depending on the material
of construction. The factor of safety based on
material type shall be as follows:

a) For assemblies composed of laminated
composite materials, the minimum factor of safety
shall be at least 2.0 between the maximum
principal stress that exists at the point of highest
stress in each layer of the mechanical energy
storage element and the ultimate strength of that
layer at that point. The factor of safety shall be
evaluated at maximum normal operating speed and
at a room ambient temperature of 25 °C £5 °C

(77 °F 19 °F).

b) For assemblies composed of ductile metallic
materials exhibiting a traditional nonlinear stress-
strain curve, the minimum factor of safety shall be
at least 1.3 between the maximum von Mises
stress that exists anywhere in the mechanical
energy storage element at maximum normal
operating speed and the tensile yield strength of
the material where the stress exists at room
ambient temperature of 25 °C 15 °C (77 °F £9 °F).
c) For other material types and combinations of
materials including metals and laminated
composites, the minimum factor of safety shall be
at least 2.0 between the maximum combined stress
that exists anywhere in the mechanical energy
storage element at maximum normal operating
speed and the ultimate tensile strength of the
material where the highest stress exists at room

ambient temperature of 25 °C 15 °C (77 °F £9 °F).

N/A
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37.4.2

The mechanical energy storage element shall be
subjected to an overspeed type test demonstrating
the required factor of safety. The DUT shall be
representative of the latest design revision and
subjected to an overspeed and corresponding
stress as follows in (a) or (b). For the purpose here,
rotor working stress is presumed to scale exactly as
the square of the rotation speed.

a) Where the minimum required factor of safety is
2.0, the overspeed shall be at least 139 %. The
DUT shall sustain the overspeed for a time period
of 1 min without ruptures in of any part of the
assembly.

b) Where the minimum required factor of safety is
1.3, the overspeed shall be 120 % minimum. The
DUT shall sustain the overspeed for a time period
of 1 min. Yielding of the material during the test is
permitted as long as the test requirement is met
and the DUT can be shut down afterward in a
normal manner (i.e. through braking or discharge of
the stored energy). This condition implies that
margin between the maximum Von Mises stress in
the part at normal operating speed and the ultimate
tensile strength of the material must be greater than
1.45 to successfully pass the overspeed test.

N/A

3743

With reference to 37.4.2, for a hollow cylindrical
mechanical energy storage element, as an
alternative to the dynamic test, a static test (e.g.
hydrostatic or pneumatic strength test) may be
performed whereby the DUT is subjected to an
internal pressure that creates maximum stress in
the DUT that is greater than 2x the maximum stress
under normal operating conditions.

N/A

374.4

With reference to 37.4.2 and 37.4.3, the
mechanical energy storage element DUT shall:
a) Be a production mechanical energy storage
element;

b) Be according to the latest design revision; and
c) Meet the manufacturer’s quality assurance
requirements for production units.

N/A

37.4.5

Alternatively to the overspeed test requirements

of 37.4.2, the standard installation of the energy
storage element shall demonstrate containment of
a failure of the mechanical energy storage element.
Containment is defined as NO primary particles
(energy storing components, their fragments, or
other moving parts) and NO secondary projectiles
(stationary components of the product or their
fragments set into motion by the failure event) are
to exit the device’s outermost housing, containment
media, or installation area. This test shall be
performed at 100 % of maximum rated operating

stress or above.

N/A
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37.4.6

With reference to 37.4.1 — 37.4.5, the testing shall
be repeated in the event of a deviation of any
mechanical characteristic or material property that
results in an increase of more than 10 % between
calculated stress in production energy storage
elements and demonstrated stress in the previously
qualified mechanical energy storage element.

N/A

37.5

Bearing failure test

Not Applicable.

N/A

37.51

An ESS with moving parts with the capacity to store
kinetic energy that relies upon a primary set of
bearings in its moving mechanism, in any form,
shall be subjected to a bearing failure test if failing
the bearings has the potential to result in a hazard.
Refer to Section 15 for the safety analysis
requirements.

N/A

37.5.2

With the system operating at maximum operating
conditions, a failure in the primary bearings shall be
induced that results in the loss of the primary
bearing function and forces the DUT to spin down
on its backup bearing or other suitable support
system.

N/A

37.5.3

The system shall be operated:

a) Until the DUT’s energy is dissipated and it has
come to a stop;

b) Until a protection control operates to stop
operation of the DUT; or

c¢) Until any moving parts break off or become
completely or partially disconnected from its
securement means.

N/A

3754

This test is intended to verify that the backup
bearing or support system for the energy storage
element is effective. This test may also suffice as
the faulted securement test described in 37.2 if the
safety analysis indicates a bearing failure as the
worst case condition.

N/A

37.5.5

As a result of operating the system with a failed
bearing condition, the moving parts shall not
become loosened or disconnected to result in a
hazardous condition. If the part becomes
completely loosed or disconnected, the
containment means for the part shall safely contain
the part(s). There shall be no overheating of parts
that will result in a hazard such as fire or explosion.

N/A

38

Leakage Tests

38.1

Energy storage systems that utilize liquid coolant or
contain hazardous fluids shall be subjected to the
Leakage Test in accordance with 38.2 and 38.3.

Exception: Leakage testing need not be conducted
if parts containing hazardous fluids and their
connections have already been evaluated for
external leakage as part of a component standard
such as the appendix for Test Program for Flowing
Electrolyte  Batteries, @ Appendix C, of UL

1973 or CSA FC 1 for fuel cell systems.

Complied.

Liquid coolant flowing path
was subjected; however, no
hazardous fluid exists.
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38.2

Leakage from ESS containing hazardous fluids
shall not result in the risk of fire, electric shock, or
injury to persons.

See above.

P

38.3

Compliance is determined by subjecting the fluid-
containing parts and their connections to a fluid
pressure of 1.5 times the maximum operating
pressure (if testing with liquid) or 1.1 times the
maximum operating pressure (if air pneumatic
testing) of intended use during operation of the
system. There shall be no leaks from fluid-
containing parts or their connections as a result.

Complied.

The air pneumatic testing
method was used.

1.3 times of operating
pressure for 1 minute was
applied for more severe
condition.

39

Strength Tests

N/A

39.1

General

N/A

39.1.1

Energy storage systems that contain hazardous
fluids including liquid coolant shall comply with the
Strength Tests in accordance with 39.2 and 39.3.

No hazardous fluid exists.

N/A

39.2

Hydrostatic strength test

N/A

39.2.1

Parts of the ESS containing hazardous fluids
(gases or liquids) shall be subjected to a
hydrostatic strength test of 1.5 times the design
pressure of the system for a period of 1 min after
reaching the maximum pressure. The pressure
shall be gradually increased until the maximum
pressure is reached in approximately 1 min using
either the liquid used in the system or water.
Testing is done at room ambient temperature.

N/A

39.2.2

As a result of the hydrostatic strength test, there
shall be no fracture, distortion, rupture or other
damage to the fluid containing parts.

N/A

39.3

Pneumatic strength test

N/A

39.3.1

The pneumatic strength test is an alternative to the
hydrostatic strength test of 39.2 and is conducted in
accordance with 39.3.2.

N/A

39.3.2

Parts of the ESS containing hazardous fluids
(gases or liquids) shall be subjected to a pneumatic
strength test of 1.3 times the design pressure of the
system for a period of 1 min after reaching the
maximum pressure. The pressure shall be
gradually increased until the maximum pressure is
reached in approximately 1 min using either air or
inert gas. Testing is conducted at room ambient
temperature.

N/A

39.3.3

As a result of the pneumatic strength test, there
shall be no fracture, distortion, rupture or other
damage to the fluid containing parts.

N/A

40

Enclosure and Mounting Tests
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40.1 Wall mount fixture/test Support structure test on P

rechargeable Li-ion battery

rack frame structure in M-LINK

was subjected for testing as

per following ANSI/UL1973

Section 34. Wall Mount

Fixture/Support

Structure/Handle Test

40.1.1 A wall mounting apparatus of a wall mounted ESS | gge ghove. =]
shall have sufficient strength to support the system.
Compliance is determined by the following test.
Exception: Individual components of an ESS that
are provided with their own wall mount apparatus
previously tested as part of their component
evaluation, need not be tested.

40.1.2 The wall mounting apparatus and ESS shall be See above. P
installed in accordance with the manufacturer’s Total of four times the weight
specifications. A force equal to three times the of battery pack was a Iie% on
weight of the ESS is additionally applied to the tho L br;chets of Racﬁﬁirame
center of the mounting apparatus in a downward )
direction. The force shall be held for 1 min. was applied.

40.1.3 As a result of the applied force, there shall be no Observed intact. =]
damage to the mounting apparatus and its
securement means when testing the wall mounting
fixture.

40.2 Enclosure impact Not applicable N/A
40.2.1 The purpose of this test is to evaluate the Commercial and Industrial N/A
mechanical integrity of the enclosure and its ability | gpplication. Greater than
to provide mechanical protection to the ESS 50kWh.

enclosure contents. This test is conducted on
electrochemical ESS that are for residential
applications or for non-residential applications that
are less than or equal to 50 kWh.

40.2.2 A fully charged DUT shall be subjected to a See above. N/A
minimum of three impacts of 6.8 J (5 ft-Ib) on any
surface that can be exposed to a blow during
intended use. The impact shall be produced by
dropping a steel sphere, 50.8 (2 in) in diameter,
and weighing 535 g (1.18 Ib) from a height, H, of
1.29 m (50.8 in). For surfaces other than the top of
an enclosure, the steel sphere shall be suspended
by a cord and swung as a pendulum, dropping
through the vertical height of 1.29 m (50.8 in), with
the product being impacted placed against a
restraining vertical wall. See Figure 40.1. A different
sample may be used for each impact.

40.2.3 After the impacts, the DUT shall be subjected to a | gee gbove. N/A
Dielectric Voltage Withstand Test in accordance
with Section 32. The DUT shall be examined for
signs of rupture or damage that could lead to a
hazard.

40.2.4 As a result of the impact test, there shall be no See above. N/A
damage to the enclosure that could result in a
hazard such as exposure of hazardous parts or
result in a dielectric breakdown.
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40.3

Enclosure steady force

Not applicable

N/A

40.3.1

The purpose of this test is to determine if the
enclosure has sufficient strength to safely withstand
a static force that may be applied to it. This test is
conducted on electrochemical ESS that are for
residential applications or for non-residential
applications that are less than or equal to 50 kWh.

Commercial and Industrial
application. Greater than
50kWh.

N/A

40.3.2

The enclosure of a fully charged DUT shall
withstand a steady force of 250 N £10 N (56.2 Ibf
12.25 Ibf) for a period of 5 s, applied in turn to the
top, bottom and sides of the enclosure fitted to the
DUT, by means of a suitable test tool providing
contact over a circular plane surface 30 mm (1.2 in)
in diameter.

See above.

N/A

40.3.3

The DUT shall be subjected to a Dielectric Voltage
Withstand Test between live parts and the
enclosure in accordance with Section 32. The DUT
shall be examined for signs of rupture or damage
that could lead to a hazard.

See above.

N/A

40.3.4

As a result of the steady force test, there shall be
no damage to the enclosure that could result in a
hazard such as exposure of hazardous parts or
result in a dielectric breakdown.

See above.

N/A

40.4

Mold stress

Not applicable

N/A

40.4.1

The purpose of this test is to determine if an
enclosure made from molded polymeric material
can withstand an accelerated aging test without
compromising the safety of the enclosure.

Metal enclosure

N/A

40.4.2

One complete fully discharged sample shall be
placed in a full-draft circulating-air oven maintained
at a uniform temperature of at least 10 °C (18 °F)
higher than the maximum temperature of the
enclosure measured during the Normal Operations
Test in Section 30, but not less than 70 °C (158 °F).
The sample shall remain in the oven for 7 h.

See above.

N/A

40.4.3

After removal from the oven the DUT shall be
subjected to a Dielectric Voltage Withstand Test in
accordance with Section 32. The DUT shall be
examined for signs of rupture and damage

See above.

N/A

40.4.4

As a result of the mold stress conditioning, the
sample shall show no evidence of mechanical
damage, such as cracking of the enclosure
exposing hazardous parts or result in a dielectric
breakdown.

See above.

N/A

ENVIRONMENTAL TESTS

41

Special Environment Installations

411

General
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41.11

Energy storage systems intended for installation in
special environments shall be evaluated for their
ability to operate safely in those environments.
These environmental conditions can include
exposure to salt fog for marine environments,
testing for seismic ratings, high altitudes, etc. The
requirements of 41.2, 41.3 and 41.4 shall apply
depending upon the particular exposure. The
installation instructions and nameplate labels on the
ESS shall identify the special environmental
conditions in accordance with 45.3, 45.17, and
Section 46.

Exception No. 1: Testing need not be conducted on
systems or parts of the system if already covered
as part of the specific technology safety standard.
Exception No 2: Environmental testing on a
subassembly may be conducted instead of the
complete ESS if through analysis it can be
determined to be representative of the ESS. The
rationale used to determine the suitability of the
subassembly to represent the complete ESS shall
be documented.

Evaluated for moisture
exposure and marine
environments.

P

41.2

Outdoors installations subject to moisture exposure

Complied.

41.21

Energy storage systems intended for installation
outdoors where they will be subject to rated levels
of moisture exposure shall be tested in accordance
with their environmental ratings outlined in their
nameplate labels and installation instructions

of 45.17 and 46.13.

Compliance to IPX5

41.2.2

Based upon the ratings of the system, moisture
resistance testing shall be done in accordance with
either IEC 60529, UL 50E, or C22.2 No. 94.2.

Used IEC60529 method.

41.2.3

At the conclusion of the test, the sample is to be
subjected to the electric insulation tests of

Sections 32 and 35 and examined for signs of
water in the system that could result in a hazardous
condition.

Complied.

41.2.4

As a result of the water exposure, there shall be no
evidence of water on parts that could result in a
hazard and no reduction of spacings or
breakdown/deterioration in insulation levels.

Complied.

41.3

Outdoor installation in marine environments

Complied.

41.31

Energy storage systems intended for installation
outdoors in marine environments in accordance
with the installation instructions in 46.13 where they
will be subject to salt fog exposure, shall be tested
as outlined below.

41.3.2

The systems shall be tested in accordance with IEC
60068-2-52 for Severities 1 or 2.

Applied Severity 2.

41.3.3

At the conclusion of the testing, the systems shall
be subjected to the electrical insulation tests of
Sections 32 and 35 to determine that insulation has
not been damaged in a manner that would result in
an electric shock hazard.

Complied.
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4134

The system shall be examined for signs of damage
as a result of salt exposure that would indicate a
potential for a safety hazard (e.g. corrosion of parts
that could result in weakening of a securement or
an enclosure, damage to insulation). If operational,
the system is to be operated to determine that it
can do so without hazard.

Complied.

Rechargeable Li-ion battery
system was operational and
remined intact after test.

P

41.3.5

As a result of the test, the ESS shall not show
evidence of damage from salt fog exposure that
could result in a hazard such as electrical, shock,
overheating or damage that could result in a
physical hazard.

Complied.

41.4

Installation in seismic environments

Optional. Not applied.

N/A

41.41

Equipment of an ESS that contains the energy
storage mechanism and is intended for installation
where they will be subject to seismic activity shall
be evaluated and if necessary tested in accordance
with their seismic ratings and installations
instructions per 45.3 and 46.13. The installation
instructions shall indicate the limitations of the
particular seismic rating of the equipment.
Standards that provide guidance on seismic
evaluation such as IEEE 693, IEC 60980, ICC IBC,
the seismic testing in GR-63-CORE, or similar,
shall be used for this evaluation. Compliance is
determined through review of documentation of the
seismic evaluation for the appropriate seismic level
(i.e. level marked on the equipment) or through
testing for the specific seismic level in accordance
with a testing standard for this purpose.

Exception No. 1: There is equipment that cannot be
practically evaluated by testing alone because of
the size of the equipment. For those situations, it
may be necessary to do a combination of analysis
with testing of parts of the system. This approach is
outlined in IEEE 344.

Exception No. 2: Some standards allow for
calculations and modelling as an approach for
determining compliance for seismic ratings in lieu of
testing.

N/A

41.4.2

The ESS shall be examined for signs of explosion,
fire, combustible concentrations (if applicable to
technology), rupture of the enclosure, electrolyte
leakage, electric shock and loss of protection
controls that lead to any of the other non-compliant
results in 41.4.3.

N/A

TRF No. ANSI/CAN/UL9540:2025
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Clause

Requirement + Test

Result - Remark

Verdict

41.4.3

As a result of the test, any of the following results in
(a) — (g) are considered a non-compliant result:

a) Explosion;

b) Fire;

c) Combustible Concentrations (if applicable to
technology);

d) Rupture (enclosure);

e) Electrolyte Leakage (external to enclosure);

f) Electric shock hazard (resistance below isolation
resistance limits or dielectric breakdown);

g) Loss of protection controls.

N/A

MANUFACTURING AND PRODUCTION TESTS

42

Electrical Production Tests

Complied via UL Follow-Up
services. It needs to be
maintained continuously for
validity of product
certification.

421

Dielectric voltage withstand test

See above.

4211

A dielectric withstand test as outlined in the
Dielectric Voltage Withstand Test in

Section 32 shall be conducted on 100 % production
of ESS with working voltage exceeding 60 Vdc or
30 Vrms/42.4 Vpeak.

Exception No. 1: The time for the production
Dielectric Withstand Test can be reduced to 1 s.
Exception No. 2: Testing can be conducted on
subassemblies of the system.

Exception No. 3: Testing can be waived if
conducted as part of the specific technology
evaluation (i.e. tested per UL 1973, etc.)

See above.

42.2

Grounding and bonding system check

Complied via UL Follow-Up
services. It needs to be
maintained continuously for
validity of product
certification.

42.2.1

The grounding and bonding system of an ESS shall
be subjected to a check using an impedance
measuring device. The measurements shall occur
between any two locations of the grounding and
bonding system.

See above.

42.2.2

No resistance measurements of the grounding and
bonding system shall exceed 0.1 Q or allowed
limits per 34.2.

Exception: This testing can be waived if it is
determined that the ESS construction and
production methods to ensure good grounding and
bonding of the system production can be
determined through a review of production
practices. However, if any point of the grounding
system is maintained through a single fastener, a

ground bond test shall be conducted.

See above.

TRF No. ANSI/CAN/UL9540:2025
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Clause

Requirement + Test

Result - Remark

Verdict

42.3

Check of safety controls

Complied via UL Follow-Up
services. It needs to be
maintained continuously for
validity of product
certification.

P

42.31

Energy storage systems shall be subjected to

100 % production screening to determine that any
active controls utilized for safety are functioning.
Exception: This check of the safety controls can be
conducted on subassemblies or components of the
system before final assembly.

Firmware version and unique
identifier of chiller shall be
checked during
manufacturing.

43

Mechanical Production Tests

No mechanical production test
is applicable.

N/A

43.1

Integrity at maximum abnormal operating speed

N/A

43.11

Every production mechanical storage element shall
be subjected to a maximum abnormal operating
speed test. The test shall be performed at the
maximum speed reached during the Overspeed
Test of 37.1. The test shall be performed in an
environment which will safely contain any
mechanical failure of the mechanical storage
element.

N/A

43.1.2

As an alternative to 43.1.1, the components of a
mechanical energy storage element (e.g. forged
disk) shall be processed consistently and tested to
ensure that the materials used in its construction
meet the minimum requirements assumed during
the design and analysis of the element. The
engineering development and production testing
protocol for the components of the energy storage
element shall demonstrate the level of uniformity of
the material properties throughout critical sections
of the component and that the material properties
meet required minimum values consistently.

N/A

43.2

Production screening of rotors

N/A

43.2.1

Rotor assemblies for mechanical ESS shall be
subject to 100 % production screening through the
use of non-destructive testing or other means to
check for cracks and other flaws. Any cracks or
flaws found shall be evaluated in accordance with
manufacturer’s specifications.

N/A

43.2.2

As an alternative to 43.2.1, additional in progress
quality checks and testing can be incorporated into
the manufacturing assembly process to limit the
presence of cracks or flaws in finished product.
Refer to 44.1.

N/A

43.3

Leak check of hazardous fluid systems

N/A

43.3.1

ESS that contain hazardous fluids including ESS
with liquid coolant systems shall be subjected to a
leak check in accordance with Section 38 of the

assembled fluid containment system.

N/A
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Clause Requirement + Test Result - Remark Verdict
44 Production Quality Control Complied via UL Follow-Up P
services. It needs to be
maintained continuously for
validity of product
certification.
44 1 Manufacturers of ESS shall have documented See above. p
production process controls in place that continually
monitor the following key elements of the
manufacturing process that can affect safety, and
shall include measured parametric limits enabling
corrective/preventative action to address defects
(out of limit parameters) found affecting these key
elements:
a) Supply chain control; and
b) Assembly processes.
MARKINGS P
45 General Complied. P
INSTRUCTIONS P
46 General Checked compliance of P
provided documents of
Installation, Operation and
Maintenance Manuals.
Appendix B. P
General Battery Safety Consideration Complied. P
Appendix C. P
Safety Marking Translations Safety markings but no P
Canadian deviation(use of
French language for safety
marking) was considered.
APPENDIX D. N/A
Alternative Approach for Evaluating Valve Rechargeable Li-ion Battery N/A
Regulated or Vented Lead Acid or Nickel Cadmium | Systems.
Battery Systems
APPENDIX E. N/A
Guidance On Capacity and Separation Distance Commercial and Industrial N/A
Limits for Electrochemical ESS outdoor application.
Installation shall follow the
code and local regulations.
APPENDIX G. N/A
CLEAN AGENT DIRECT INJECTION BATTERY N/A N/A
RACK COOLANT SYSTEM UNITS
APPENDIX H. N/A
MANUFACTURER'S INSTALLATION Non-Residential Application. N/A

-End of Letter Report-
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Appendix 2-C: Fire and Safety Reports for DC LINK Batteries

O 0O 0O 0O 0O 0O O

UL1973

[UL1973] JF2 NoA_240705

F2D4-5.1US-CC08_DC Rack Certificate UL 1973_V1.0 (NOA)
F2D4-5.1US-CC09_DC Rack Test Report UL 1973_V1.0
F2X4-5.1US-CC04_Cell Certificate UL 1973_V1.0
F2X4-5.1US-CC05_Cell Test Report UL 1973_V1.0
F2X4-5.1US-CC06_Pack Certificate UL 1973_V1.0 (NOA)
F2X4-5.1US-CCO7_Pack Test Report UL 1973_V1.0
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2024-07-05

Taecheon Kim

LG Energy Solution, LTD.
188, Munji-ro, Yuseong-gu
Daejeon, 34122, KR

Notice of Completion (NoC) and authorization to apply the UL Mark

Your reference:
Our reference: File MH63736, Volume 1 Order: 15284234
Project: 4791298454

Project scope: USR/CNR - ANSI/CAN/UL1973:2022 Annex E,
Rechargeable Li-ion Cell, Model : JF2 in Vol1. Sec.25

Dear Taecheon Kim:

We appreciate that you have a choice of certification providers and thank you for choosing UL Solutions.
We have completed the investigation under the above project and confirmed compliance of your product(s) with UL
Mark requirements.

This letter temporarily supplements the UL Follow-Up Services Procedure and serves as authorization to apply the UL
Mark at the factory location(s) identified on the Authorization Page of UL Solutions File MH63736, Volume 1. You are
required to send a copy of this letter to all manufacturing locations authorized under UL Solutions File MH63736,
Volume 1.

The Follow-Up Services Procedure covering your product(s) will typically be provided by UL Solutions within 10
business days. Any information and documentation provided to you involving the UL Mark services are provided on
behalf of UL LLC or any authorized licensee. The UL Solutions certification directory is updated with active
certifications shortly after projects are reviewed and completed. Please visit https://productiq.ulprospector.com/ to
search for the certification.

Products that bear the UL Mark must be identical to those submitted to UL for evaluation and certification and must
comply with the Follow-Up Services Procedure covering your product(s). Additional requirements related to the
responsibilities of the Applicant and Manufacturer can be found under Customer Requirements documents at
www.ul.com/fus.

A UL Solutions certification is a valuable marketing tool meaning your product or company has successfully met
stringent requirements. We encourage you to use your UL Mark and certification in your marketing activities. We are
happy to provide guidance on how best to promote your UL certification. Our Certification Achievement Kit
demonstrates marketing and promotional concepts to help you best represent your UL certification.

UL Solutions is committed to providing you with an exceptional customer experience. You may receive an email from
ULSurvey@feedback.ul.com inviting you to provide feedback. Your survey rankings and comments regarding the
experience are important to us. We are always seeking ways to improve in any areas we can, and your feedback and
comments are vital to this process.

If you have any questions, please contact me or any of our customer service representatives at www.ul.com/contact-
us.



Sincerely,

Richard Jeon David Piecuch

Senior Project Engineer UL Mark Certification Program Manager
UL Solutions UL LLC

Richard.Jeon@ul.com David.Piecuch@ul.com

61339bc8af3c44b884d4c9a3b4623c8d

UL.com/Solutions
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Hyeon Kyu Kim

LG Energy Solution, LTD.
188, Munji-ro, Yuseong-gu
Daejeon, 34122, KR

Notice of Completion (NoC) and authorization to apply the UL Mark

Your reference: File MH49414, Volume 1
Our reference: File MH49414, Volume 1 Order: 15411957
Project: 4791415432
Project scope: [BBFX2/8, MH49414] JF2 Battery System (Rack). UL1973 Basic_JF2 (incl.travel

cost) model. NR27N414L_P15190NB3
Dear Hyeon Kyu Kim:

We appreciate that you have a choice of certification providers and thank you for choosing UL Solutions.
We have completed the investigation under the above project and confirmed compliance of your product(s) with UL
Mark requirements.

This letter temporarily supplements the UL Follow-Up Services Procedure and serves as authorization to apply the UL
Mark at the factory location(s) identified on the Authorization Page of UL Solutions File MH49414, Volume 1. You are
required to send a copy of this letter to all manufacturing locations authorized under UL Solutions File MH49414,
Volume 1.

The Follow-Up Services Procedure covering your product(s) will typically be provided by UL Solutions within 10
business days. Any information and documentation provided to you involving the UL Mark services are provided on
behalf of UL LLC or any authorized licensee. The UL Solutions certification directory is updated with active
certifications shortly after projects are reviewed and completed. Please visit hitps://productig.ulprospector.com/ to
search for the certification.

Products that bear the UL Mark must be identical to those submitted to UL for evaluation and certification and must
comply with the Follow-Up Services Procedure covering your product(s). Additional requirements related to the
responsibilities of the Applicant and Manufacturer can be found under Customer Requirements documents at
www.ul.com/fus.

A UL Solutions certification is a valuable marketing tool meaning your product or company has successfully met
stringent requirements. We encourage you to use your UL Mark and certification in your marketing activities. We are
happy to provide guidance on how best to promote your UL certification. Our Certification Achievement Kit
demonstrates marketing and promotional concepts to help you best represent your UL certification.

UL Solutions is committed to providing you with an exceptional customer experience. You may receive an email from
ULSurvey@feedback.ul.com inviting you to provide feedback. Your survey rankings and comments regarding the
experience are important to us. We are always seeking ways to improve in any areas we can, and your feedback and
comments are vital to this process.

If you have any questions, please contact me or any of our customer service representatives at www.ul.com/contact-
us.

Sincerely,



Donghyun Kim David Piecuch

Engineer Project Associate UL Mark Certification Program Manager
UL Solutions UL LLC
Donghyun.Kim@ul.com David.Piecuch@ul.com

16d6c4dacia74d6dabbeb9ac16f11dc7

UL.com/Solutions
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TEST RECORD NO. 1
SAMPLES :

A sample of the battery system as indicated below and constructed as
described herein, was submitted by the manufacturer for examination and test.

EESS ELECTRICAL RATING:

Capacity
Battery system Use (nggizii (Nominal), Enclosure IP
Model Limitations g Ah/¥e, Rating
Vdc
Farad
intigjggrfor LESD (M-
NR27N4141L, P15190NB3 ’ 1344 636.8 Enclosure
== use in end Type)
applications yp

Note: Representative of the Battery system models, NR27N414L P15190NB3, has
been tested based upon their electrical ratings, but no capacity performance
testing has been conducted.

MANUFACTURER’S RECOMMENDED CHARGING PARAMETERS:

Maximum Normal P Normal
Battery System Temperature | Charging | Charging e Charging
Model Range, °C Voltage, | Voltage, Power . kil Current,
Vdc vdc ) A
213:962
(Peak
eurrent
NR27N414L P15190NB3 | 0.0 to 40.0 1499.4 1499.4 188.67 A N/A
at End of
Discharge
Voltage)

MANUFACTURER’ S RECOMMENDED DISCHARGE PARAMETERS:

End of L - Normal
Battery System Temperature | Discharge . . Discharging
Discharging
Model Range, °C Voltage, Current, A
g Power, kW
Vde
213 .962
(Peak
ceurrent
NR27N414L P15190NB3 | 0.0 to 40.0 1134.0 188.67 A at N/A
End of
Discharge
Voltage)
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MANUFACTURER’S SPECIFIED NORMAL OPERATING REGION FOR CELL:
: Upper Upper Upper : o
Operating = = = Discharge Upper Limit
hre ule Model cell Model Ambient éimlt'Of Eimlt.Of é@mﬁf of Wl E e of Cell
attery module Mode (File NO.) Temperature arging arging ischarge ———y Temperature,
- Voltage, Cuarrent, Current, &
Range, °C vde 2 N Vdc C
Charging:
Charging: (O (—30.0 to
JF?2 to 45) 75.0)
NR27N414L P15190NB3 4.1 141.5 141.5 1.8
= (MH63736) ; . s ;
Discharging: Discharging:
(0 to 45) (—30.0 to
154 0)

Model Differences:

N/A
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GENERAL:
NR27N414L P15190NB3 is considered as a representative model for tests.
Test results relate only to the items tested

e Datasheet 1 for tests conducted at UL Changzhou Quality Technology
Services Co., Litd (Party Site Number: 2317149) .:

OVERCHARGE TEST UL 1973, See. 15
HIGH RATE CHARGE TEST ur 1973, se&. lé
SHORT CIRCUIT TEST UL 1973, SsSeg. 17
OVERLOAD UNDER DISCHARGE TEST UL 1973, See. 18
OVERDISCHARGE PROTECTION UL 1973, Secs 19
TEMPERATURE AND OPERATING LIMITS CHECK TEST UL 1973, Sec. 20
IMBALANCED CHARGING TEST UL 1973, Sec. 21
DIELECTRIC WITHSTAND TEST ULy 1973, See. 22
FATILURE OF COOLING/THERMAL STABILITY TEST uli 1973, Sec. 24
WORKING VOLTAGE MEASUREMENTS UL 1973, See. 25
2 Datasheet 2 for tests conducted at UL Changzhou Quality Technology

Services Co., Ltd (Party Site Number: 2317149) .:

WALTL—MOUNT EIXTURE /SUPPORT STRUCTURE /HANDLE—TEST UL 1973, Sec. 26.6
Bis Datasheet 3 for tests conducted at HCT Co., Ltd (Party Site Number:
548239) .

The following tests were conducted on the battery protection unit,
PL5190NB3..

STATIC FORCE TEST ur: 1873, See. 15
IMPACT TEST UL 1973, See. 16
DROP IMPACT TEST UL, 1873, See. 17
WAL MOUNT FIXTURE/SUPPORT STRYUCTURE/HANDLE TEST UL: 1273; Sec. 18
4. Datasheet 4 for tests conducted at One Energy Solution Inc. (Party Site

Number: 3601674) .

This test was conducted again because there were modifications on the
battery protection unit, P15190NB3, after Datasheet 1.:

The following test was only required to evaluate the modifications by
engineer consideration. Refer to Ill. 4 in the test reference for the detail
of the modifications.

TEMPERATURE AND OPERATING LIMITS CHECK TEST UL 1973, See. 20

The test methods and results of the above tests have been reviewed and
found in accordance with the requirements in the Third Edition of
ANSI/CAN/UL-1973, Batteries for Use in Stationary and Motive Auxiliary Power
Applications, issued on February 25, 2022.
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The following tests were not deemed necessary:

Test not to be Conducted UL 1973 Comments
Section

Continuity Test i) There is no protective grounding and
bonding system since the rack frame was
tentative to run the test. It will be
evaluated in end use application.

Locked-rotor test for low voltage dc 26.1 Fan has complied with UL507.

fans/motors in secondary circuits

Input 262 The battery does not have mains supplied
control or accessory.

Leakage 26..3 The battery does not have mains supplied
control or accessory.

Strain Relief Test 26.4 The battery does not have a cord.

Push-back Relief Test 265 No resettable pressure relief valve.

Electromagnetic Immunity Tests 27 It will be evaluated in end use
application.

Vibration Test 28 Only for LER application

Shock Test 29 Only for LER application

Crush Test 30 Only for LER application

Static Force Test 31 The battery system is not installed and
transported in an assembled status.

Impact Test 32 The battery system is not installed and
transported in an assembled status.

Drop Impact Test 33 The battery system is not installed and
transported in an assembled status.

Mold Stress Test 35 There are no polymeric parts exposed
outside.

Pressure Release Test 36 No resettable pressure relief valve.

Start-To-Discharge Test 37 No resettable pressure relief valve.

Thermal Cycling 38 Only for LER application.

Resistance to Moisture Test 39 It will be installed indoors.

Salt Fog Test 40 It will be installed indoors.

External Fire Exposure Test 41 Component Cell complied with Projectile
Test which is in Annex E of UL 1973.

Test program for sodium-beta battery Appendix B | Lithium-ion cells are used.

cel 1s

Test program for flowing electrolyte Appendix C | Lithium-ion cells are used.

batteries

Test Record Summary:

The results of this investigation indicate that the products evaluated
comply with the applicable requirements in the third Edition of ANSI/CAN/UL-
1973, Batteries for Use in Stationary and Motive Auxiliary Power Applications,
issued on February 25, 2022. Therefore, such products are judged eligible to
bear UL’s Mark as described on the Conclusion Page of this Report.




File MH49414 Page Cl1 Issued: 0000-00-00

CONCLUSION

A sample of the component covered by this Report has been found to
comply with the requirements covering the category and the component is found
to comply with UL’s applicable requirements. The description and test result
in this Report are only applicable to the sample(s) investigated by UL and
does not signify the product(s) described as being covered under UL’s Follow-
Up Service Program. When covered under UL’s Follow-Up Service Program, the
manufacturer is authorized to use the Recognized Marking on such products
which comply with UL’s Follow-Up Service Procedure and any other applicable
requirements of UL LLC. The Recognized Component Mark of UL LLC on the
product, or the Recognized Marking symbol on the product and the Recognized
Component Mark on the smallest unit container in which the product is
packaged, is the only method to identify products investigated by UL to
published requirements and manufactured under UL’s Recognition and Follow-Up
Service .

This Report is intended solely for the use of UL LLC (UL) and the Applicant
for establishment of UL certification coverage of the described product (s)
under UL’s Follow-Up Service. UL retains all rights, title and interest
(including exclusive ownership) in this Report and all copyright therein.
The Applicant or its designated agent shall not disclose or otherwise
distribute this Report or its contents to any third party, except as required
for purposes of compliance with laws, regulations, or other existing
agreements or schemes in which UL is currently a participant. Any other use
of this Report including, without limitation, evaluation or certification by
a party other than UL is prohibited and renders this Report null and void.
UL shall not incur any obligation or liability for any loss, expense, or
punitive damages, arising out of, or in connection with, the use or reliance
upon the contents of this Report to anyone other than the Applicant as
provided in the agreement between UL and Applicant. Any use or reference to
UL’s name or certification mark(s) by anyone other than the Applicant in
accordance with the agreement is prohibited without the express written
approval of UL. Any information and documentation involving UL Mark services
are provided on behalf of UL LLC (UL) or any authorized licensee of UL. UL
shall not otherwise be responsible to anyone for the use of or reliance upon
the contents of this Report. Any information and documentation involving UL
Mark services are provided on behalf of UL LLC (UL) or any authorized
licensee of UL.

Report by: Reviewed by:

Donghyun Kim Leon Lee
Engineer Project Associate Senior Project Engineer
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UL-US-2426857-0

Report Reference:
MH63736-20240705

Issue Date:
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U|_ Solutions

Certificate of
Compliance

Issued to:

LG Energy Solution, LTD.

188, Munji-ro, Yuseong-gu Daejeon 34122

Republic of Korea

This certificate confirms that representative samples of:

BBGAZ2 - Battery Cells for Use in Stationary and/or Transport
Applications - Component

See Addendum Page for Product Designation(s).

Have been evaluated by UL in accordance with the component requirements in the
Standard(s) indicated on this Certificate. UL Recognized components are incomplete
in certain constructional features or restricted in performance capabilities and are
intended for installation in complete equipment submitted for investigation to UL LLC.

ANSI/CAN/UL 1973:2022, 3rd Ed., Issue Date: 2022-2-25

Additional Information:
See UL Product iQ® at https://ig.ulprospector.com for additional information.

This Certificate of Compliance indicates that representative samples of the product
described in the certification report have met the requirements for UL certification. It
does not provide authorization to apply the UL Recognized Component Mark. Only
the Authorization Page that references the Follow-Up Services Procedure for
ongoing surveillance provides authorization to apply the UL Mark.

Only those products bearing the UL Recognized Component Mark should be
considered as being UL Certified and covered under UL’s Follow-Up Services.

Look for the UL Recognized Component Mark on the product.

LN

David Piecuch
UL Mark Certification Program Manager

Any information and documentation involving UL Mark services are provided on behalf of UL LLC (UL) or any authorized licensee of UL.
For questions, please contact UL Solutions Customer Service at_https://www.ul.com/contact-us.
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Report reference  MH63736-20240705
Date  2024-07-09

This is to certify that representative samples of the product as specified on this certificate were tested according to the
current UL requirements.

Model Product Description
Stationary or Transport Applications Battery
JF2 Cells

3;&?2&
David Piecuch

UL Mark Certification Program Manager

Any information and documentation involving UL Mark services are provided on behalf of UL LLC (UL) or any authorized licensee of UL. For questions, please contact UL Solutions Customer

Service at_https://www.ul.com/contact-us.
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UL-CA-2421073-0
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U|_ Solutions

Certificate of
Compliance

Issued to:

LG Energy Solution, LTD.

188, Munji-ro, Yuseong-gu Daejeon 34122

Republic of Korea

This certificate confirms that representative samples of:

BBGAS - Battery Cells for Use in Stationary and/or Transport
Applications Certified for Canada - Component

See Addendum Page for Product Designation(s).

Have been evaluated by UL in accordance with the component requirements in the
Standard(s) indicated on this Certificate. UL Recognized components are incomplete
in certain constructional features or restricted in performance capabilities and are
intended for installation in complete equipment submitted for investigation to UL LLC.

ANSI/CAN/UL 1973:2022, 3rd Ed., Issue Date: 2022-2-25

Additional Information:
See UL Product iQ® at https://ig.ulprospector.com for additional information.

This Certificate of Compliance indicates that representative samples of the product
described in the certification report have met the requirements for UL certification. It
does not provide authorization to apply the UL Recognized Component Mark. Only
the Authorization Page that references the Follow-Up Services Procedure for
ongoing surveillance provides authorization to apply the UL Mark.

Only those products bearing the UL Recognized Component Mark should be
considered as being UL Certified and covered under UL’s Follow-Up Services.

Look for the UL Recognized Component Mark on the product.

LN

David Piecuch
UL Mark Certification Program Manager

Any information and documentation involving UL Mark services are provided on behalf of UL LLC (UL) or any authorized licensee of UL.
For questions, please contact UL Solutions Customer Service at_https://www.ul.com/contact-us.

© 2024 UL LLC. All rights reserved.
Page 1 0f 2 Form-ULID-013925-CoCa — ver 1.0
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CERTIFICATE OF COMPLIANCE

Certificate number  JL-CA-2421073-0
Report reference  MH63736-20240705
Date  2024-07-09

This is to certify that representative samples of the product as specified on this certificate were tested according to the
current UL requirements.

Model Product Description
Stationary or Transport Applications Battery
JF2 Cells

3,,:&3?;&
David Piecuch

UL Mark Certification Program Manager

Any information and documentation involving UL Mark services are provided on behalf of UL LLC (UL) or any authorized licensee of UL. For questions, please contact UL Solutions Customer

Service at_https://www.ul.com/contact-us.

© 2024 UL LLC. All rights reserved.
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File MH63736 Page Tl1-1 of 2 Issued: 2024-07-05

TEST RECORD NO. 1
SAMPLES:

A sample of the JF2 as indicated below and constructed as described
herein, was submitted by the manufacturer for examination and test.

: Nominal Voltage Capacity,
Model Cell Chemistry Cell Shape ,
Rating, V dc Ah
JE2 LiFeP0s+C¢ & LiCe+FePO, Pouch 3.2 159.2
GENERAL:
Test results relate only to the items tested.
The following tests were conducted:
Test Test location Complied,
Y, N Or N/A
E2 CAPACITY CHECK NCT Co., Ltd Y
E3 SHORT CIRCUIT NCT Co., Ltd Y
E4 CELL IMPACT LG Energy solution Y
E5 DROP IMPACT NCT Co., Ltd Y
E6 HEATING NCT Co., Ltd Y
E7 OVERCHARGE NCT Co., Ltd Y
E8 FORCED DISCHARGE NCT Co., Ltd Y
E9 PROJECTILE NCT Co., Ltd Y

Tests with test location marked with “NCT Co., Ltd” in above table were
conducted at NCT Co., Ltd., addressed 211-71, Geumgok-ro, Hwaseong-si,
Gyeonggi-do, 18511, Republic of Korea and LG Energy solution addressed 81,
2sandan-ro, Ocahng-eup, Cheonwon-gu, Cheongju-si Chungcheonbuk-do, 28117
under WTDP program.



File MH63736 Page Tl1-2 of 2 Issued: 2024-07-05

The test methods and results of the above tests have been reviewed and
found in accordance with the requirements in the Standard for ANSI/CAN/UL
1973:2022, Batteries for Use in Stationary and Motive Auxiliary Power
Applications, Edition 3, Issue Date 02/25/2022.

Test Record Summary:

The results of this investigation, including construction review and
testing, indicate that the products evaluated comply with the applicable
requirements in ANSI/CAN/UL 1973:2022, Batteries for Use in Stationary and
Motive Auxiliary Power Applications, Edition 3, Issue Date 02/25/2022 and,
therefore, such products are judged eligible to bear UL’s Mark as described
on the Conclusion Page of this Report.

Per ANSI/CAN/UL 1973 Edition/ 3rd/ 2022-
Standard Latest 02-25
No. Revision

Date

Any information and documentation provided to you involving UL Mark services
are provided on behalf of UL LLC (UL) or any authorized licensee of UL.
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CONCLUSION

Samples of the component covered by this Report have been found to
comply with the requirements covering the category and the are found to
comply with UL’s applicable requirements. The description and test result in
this Report are only applicable to the sample(s) investigated by UL and does
not signify the product(s) described as being covered under UL’s Follow-Up
Service Program. When covered under UL’s Follow-Up Service Program, the
manufacturer is authorized to use the Recognized Marking on such products
which comply with UL’s Follow-Up Service Procedure and any other applicable
requirements of UL LLC. The Recognized Component Mark of UL LLC on the
product, or the Recognized Marking symbol on the product and the Recognized
Component Mark on the smallest unit container in which the product is
packaged, is the only method to identify products investigated by UL to
published requirements and manufactured under UL’s Recognition and Follow-Up
Service.

This Report is intended solely for the use of UL LLC (UL) and the Applicant
for establishment of UL certification coverage of the described product (s)
under UL’s Follow-Up Service. UL retains all rights, title and interest
(including exclusive ownership) in this Report and all copyright therein.

The Applicant or its designated agent shall not disclose or otherwise
distribute this Report or its contents to any third party, except as required
for purposes of compliance with laws, regulations, or other existing
agreements or schemes in which UL is currently a participant. Any other use
of this Report including, without limitation, evaluation or certification by
a party other than UL is prohibited and renders this Report null and void.

UL shall not incur any obligation or liability for any loss, expense, or
punitive damages, arising out of, or in connection with, the use or reliance
upon the contents of this Report to anyone other than the Applicant as
provided in the agreement between UL and Applicant. Any use or reference to
UL’s name or certification mark(s) by anyone other than the Applicant in
accordance with the agreement is prohibited without the express written
approval of UL. Any information and documentation involving UL Mark services
are provided on behalf of UL LLC (UL) or any authorized licensee of UL. UL
shall not otherwise be responsible to anyone for the use of or reliance upon
the contents of this Report.

Report by: Reviewed by:

Richard Jeon MyungAh Lim
Senior Project Engineer Senior Project Engineer
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Hyeon Kyu Kim

LG Energy Solution, LTD.
188, Munji-ro, Yuseong-gu
Daejeon, 34122, KR

Notice of Completion (NoC) and authorization to apply the UL Mark

Your reference: File MH49414, Volume 1
Our reference: File MH49414, Volume 1 Order: 15402464
Project: 4791407191
Project scope: [BBFX2/8, MH49414] JF2 Module(Pack). UL1973 Basic_JF2 Model.
EP096636PFB1

Dear Hyeon Kyu Kim:

We appreciate that you have a choice of certification providers and thank you for choosing UL Solutions.
We have completed the investigation under the above project and confirmed compliance of your product(s) with UL
Mark requirements.

This letter temporarily supplements the UL Follow-Up Services Procedure and serves as authorization to apply the UL
Mark at the factory location(s) identified on the Authorization Page of UL Solutions File MH49414, Volume 1. You are
required to send a copy of this letter to all manufacturing locations authorized under UL Solutions File MH49414,
Volume 1.

The Follow-Up Services Procedure covering your product(s) will typically be provided by UL Solutions within 10
business days. Any information and documentation provided to you involving the UL Mark services are provided on
behalf of UL LLC or any authorized licensee. The UL Solutions certification directory is updated with active
certifications shortly after projects are reviewed and completed. Please visit hitps://productig.ulprospector.com/ to
search for the certification.

Products that bear the UL Mark must be identical to those submitted to UL for evaluation and certification and must
comply with the Follow-Up Services Procedure covering your product(s). Additional requirements related to the
responsibilities of the Applicant and Manufacturer can be found under Customer Requirements documents at
www.ul.com/fus.

A UL Solutions certification is a valuable marketing tool meaning your product or company has successfully met
stringent requirements. We encourage you to use your UL Mark and certification in your marketing activities. We are
happy to provide guidance on how best to promote your UL certification. Our Certification Achievement Kit
demonstrates marketing and promotional concepts to help you best represent your UL certification.

UL Solutions is committed to providing you with an exceptional customer experience. You may receive an email from
ULSurvey@feedback.ul.com inviting you to provide feedback. Your survey rankings and comments regarding the
experience are important to us. We are always seeking ways to improve in any areas we can, and your feedback and
comments are vital to this process.

If you have any questions, please contact me or any of our customer service representatives at www.ul.com/contact-
us.

Sincerely,



Donghyun Kim David Piecuch

Engineer Project Associate UL Mark Certification Program Manager
UL Solutions UL LLC
Donghyun.Kim@ul.com David.Piecuch@ul.com

7ceT6cdebcae404091a426a699f2f26b

UL.com/Solutions
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JF2 Pack Test Report UL9540A

Document No: F2X4-5.1US-CT10

Model: JF2 Pack

Though every care has been taken to ensure the accuracy of this document, LG Energy Solution
cannot accept responsibility for any errors or omissions or for any loss occurred to any person,
whether legal or natural, from acting, or refraining from action, as a result of the information
contained herein. Information in this document is subject to change at any time without obligation
to notify any person of such changes.

LG Energy Solution may have patents or patent pending applications, trademarks copyrights or
other intellectual property rights covering subject matter in this document. The furnishing of this
document does not give the recipient or reader any license to these patents, trademarks
copyrights or other intellectual property rights.

No part of this document may be communicated, distributed, reproduced or transmitted in any
form or by any means, electronic or mechanical or otherwise, for any purpose, without the prior
written permission of LG Energy Solution.

The document is subject to revision without further notice.

All brand names and product names mentioned in this document are trademarks or registered
trademarks of their respective owners.

Document No. : F2X4-5.1US-CT10
Document Name : Pack Test Report UL9540A 1
Revision Version : 1.0
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0 Module Level UL9540A Test (Internal)

+ Internal test shows that new JF2 design can comply with the unit level UL9540A test criteria

Test scenarios

Confidential

[UL9540A Thermal Runway Methodology]

« Attach flexible heat pad, double side
* Heating rates 7°C/min

[Test criteria]

* Following UL9540a test standard (Unit level)
- No explosion hazards exhibited by product
- No flaming beyond outer dimensions of BESS
unit (indoor, wall mount).
+ Aims to no flame, no T/P on to the next cell unit
and next module (LGES target)

[UL9540a solutions]
» Between cell units:- 8ea Pad (5.0mm)

- 3 thermal barrier
- Optimized air insulation space

Test set up
[Test samples] - Cell block
— Eiu padI
« Cellused : JF2 (123.5x600x17.7mm, 159.2 Ah min.) — porogel
® :TC (Temp.)
Cell unit 1 Cell unit 2 Cell unit 3
I I I
[~ Cell block Cell block Cell block
I I I
Cell block Cell block Cell block
I I
Cell block Cell block Cell Cell block
Cell block it 1 Cell block unit Cell block
10 Cell blocks | Cell block ./ '™ Cell block \. Cell block
(1 Cell block = 4 Cells) Cell block 1" Cell block Cell block
I
FI'OI’\t Cell block 1 Cell block Cell block Rear
Cell block Cell block Cell block
I
Cell block Cell block Cell block
I I I
\___ Cell block Cell block Cell block
— —
[Cell unit set up] <Top view> \
Cell block Near cell 1
Event cell
Initiating cell Cell block
. |
llzezEmn) Cell block
Cell block Near cell 2
Double sided

Heat film (location)

(UL9540A 4t edition test method)

Event cell unit co

nfig.

10S4P

Test Result

+ Max temp cell (Initiating cell unit) : 970.1°C
+ Thermal Propagation cells : 8ea/ 120cell

Flame occurrence

T/P on to next cell unit

T/P on to next Module

UL9540A standard at Unit level

Document No. : F2X4-5.1US-CT10
Document Name : Pack Test Report UL9540A
Revision Version : 1.0

No
No
Pass
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0 Module Level UL9540A Test (Internal)

* No thermal runaway propagation beyond the thermal barrier inside the sub-module.

[Event cell unit : 8 cells were propagated, leaving 32 cells without propagation]

Module
Top
/ No T/P No T/P No T/P
Module Cellunit1~ =~ = 7 ': Cell unit 3
Bottom 1748°C L _ _ _ _ Lo1101°C
’ N
70 NoTP N
/, \\
// N
, AR
Test safnple (after test) .
/’ \\
7 \
4 \

Near Cell 1:211.2 °C

Near Cell 2 : 169.7 °C

Document No. : F2X4-5.1US-CT10 Event cell unit
Document Name : Pack Test Report UL9540A 4
Revision Version : 1.0
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0 Thermal Runaway propagation prevention (internal Module Level UL9540A Test)

* When thermal runaway occurred, the total amount of gas is about 66.3L.
+ Total amount of gas after cycle test (SOH 70%) is about 40% of the gas that the pouch can
endure before venting.

Gas Analysis when Thermal Runaway occurred

Conditions : Analysis of the generated gas when thermal runaway occurred in the vacuum chamber according to
UL9540A Cell level test conditions.

Cell retention BOL
Gas Volume
Type of Gas L) (VI %)
H2 447 67.4
CcO 3.0 45
CO2 9.9 14.9
CH4 3.9 5.9
C2H2 0.1 0.2
C2H4 35 5.3
C2H6 0.7 1.1
C3H6 0.3 0.4
C3H8 0.1 0.2
Total 66.3 100

Gas Analysis Results of Cycle Test Cell
Conditions : Analysis of the gas after cycle test (without thermal runaway)
Cell Retention 70%

Total amount of Gas[mL] 183.8

Hl Gas Injection Test
x Gas injection Test Conditions

Cell Pressure Injected Gas Amount o
at Vent(bar) at Vent(mL) + SOC level : 0%
« Temp.: 25°C
JF2 Sample 4.76 461.0

+ Gas:Hegas
* Flow rate : 5sccm
 Initial point : 1bar

Document No. : F2X4-5.1US-CT10
Document Name : Pack Test Report UL9540A 4
Revision Version : 1.0



Appendix 2-C: Fire and Safety Reports for DC LINK Batteries

Fire Protection

o F2XX-5.1US-FS09_AC&DC LINK Fire Alarm System Drawing_V5.0
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Fire Alarm System

Drawing
JF2 DC/AC LINK 5.1

Document No : F2X4-5.1US-FS09

Revision : 5.0

Copyright © 2017-2024 LG Energy Solutions, Ltd. All rights reserved.

This document contains the proprietary information of LG Energy Solutions, Ltd. (‘LGES”) and may not be modified, reproduced,
retransmitted or redistributed, either in whole or in part, for any reason without LGES’ prior written consent.
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1. Introduction

This document describes the fire Alarm System of JF2 DC/AC LINK 5.1. The JF2 DC/AC LINK
5.1 consists of three M-LINKs and one E-Panel. The total capacity is 5.11MW and the voltage
range is 1,134~1,499.4V. For detailed specifications, please refer to Table 1 and 2 below.

Item Specification
Cell JF2
Pack 4P30S
Rack 14Pack in series per Rack
Configuration 6Rack system per DC LINK
Voltage (Nominal) 1344Vdc
DC Voltage Range 1,134~1,499.4 Vdc
Energy Density 5.11 MWh

Communication

Modbus TCP/IP(Ethernet, Optical)

Auxiliary Power

AC480 3Phase 60Hz

Table 1. JF2 DC/AC LINK 5.1 Electrical Specification

Item Specification
Appearance
Dimension
(WxDxH,mm) 7,170 x 2,570 x 2,896mm
Weight about. 48 ton
Ingress protection 55
level
Cooling Liquid Cooling

Seismic grade

ASCE(7-22) Sds1.2 (optional Sds 1.5)

Transportable

O (with pre-installation)

Explosion proof

O (Active Ventilation)

Certification

UL1642, UL1973, FCC, UL9540A, UL9540,
UN38.3, UN3536, UL1741, NFPA 69,722,855

Table 2. JF2 DC/AC LINK 5.1 Mechanical Specification

JF2 DC&AC LINK 5.1 Fire Alarm System - Rev.5.0




1.1 Fire Safety Design Overview

The DC LINK 5.1 system complies with the standards NFPA 69, NFPA 72, UL 268, UL 2075,
UL 864, UL 1973, and UL 9540A. The E-panel is equipped with an FACP (Fire Alarm Control
Panel), a smoke detector and 2 horn & strobe devices ("for gas" and "for fire”). Each M-LINK
is equipped with a smoke detector and a gas detector. The signals detected by the M-LINK
are transmitted to the FACP located in the E-panel, and the FACP send the information to the
FCC (Fire Command Center).

Figure 1. Fire Safety Design Overview

Item Key components

Cell LFP chemistry. Passed safety tests including short circuit, nail, and impact tests

Pack Thermal insulation to prevent Sub-Pack to Sub-Pack thermal propagation
Enclosure Modular structure to help preventing enclosure to enclosure propagation

Explosion Prevention Ventilation Door on the roof / Partial Deflagration Panel / Intake Damper (with Fan)

Detection Gas (H2) detector, Smoke sensor

FSS
Alarm Fire Alarm Control Panel & Horn & Strobe (2ea in E-Panel, Gas & Smoke)

Table 3. Fire Safety Design Overview

JF2 DC&AC LINK 5.1 Fire Alarm System - Rev.5.0



2. Component Specification

2.1 E-Panel Fire Safety Components

The table below lists the fire safety materials installed in the E-Panel.

2.1.1 Horn and Strobe (Smoke)

The brightness of Horn and Strobe (Smoke) is usually set as 75cd. Tone pattern for Horn
and Strobe (Smoke) is usually temporal and the volume of sound is 85db which is pattern 1 of
figure 2. Brightness and tone pattern can be changed depending on site’s property. Those can

be set by turning the dial of Horn and Strobe (Smoke). Refer to figure 2.

Wattage of Horn and Strobe (Smoke) is 2.088[W] when brightness is set as 75cd. It can
vary by the brightness.

2.1.2 Horn and Strobe (Gas)

The brightness of Horn and Strobe (Gas) is usually set as 75cd. Tone pattern for Horn and
Strobe (Gas) is usually non-temporal and the volume of sound is 85db or 77db which are
pattern 3 or 4 of figure 2. Brightness and tone pattern can be changed depending on site’s

property. Those can be set by turning the dial of Horn and Strobe (Gas). Refer to figure 2.

Wattage of Horn and Strobe (Gas) is 2.088[W] when brightness is set as 75cd. It can vary
by the brightness.

Figure 2. Dial of Horn and Strobe

JF2 DC&AC LINK 5.1 Fire Alarm System - Rev.5.0



2.1.3 Voltage Drop Calculation for Horn and Strobe
When Horn and Strobe brightness is set as 75cd. Maximum current is 87[mA]. Cable
resistance is 0.021[Q/m]. Cable length from FACP battery to Horn and Strobe is 8m.

Calculation is as below.

n iy =87 [mA]

VWJT_ . - lf‘]

r =7y = 0.021(Q/m)x8[m] = 0.168[0Q)]
Viprop = is(r; +15) = 87[mAJx0.336[0]= 0.02923[V]

Figure 3. Voltage Drop Calculation
Nominal Voltage of FACP battery is 24[V]. A conservative estimate applies 20.4[V], which is
85% of the nominal voltage. Voltage drop is 0.03[V]. Voltage on Horn and Strobe is 20.37[V]

which is between operating range from 16[V] ~ 33[V].

JF2 DC&AC LINK 5.1 Fire Alarm System - Rev.5.0



Product Information

Certificate Information

Appearance Section Item
0 N UL "
Manufacturer Model Q'ty Unit | UL Code Category File No CSFM
FACP Notifi NFS-320 1 UL 864 uoJz 5635 7165
otinier : ea 0028:0243
Fire
Alarm Network o 7300-
Coattol Card Notifier HS-NCM-SF 1 ea UL 864 syzv 635 |1028:0257
Panel
Lead-Acid SEBANG £S30-12 2 ea | UL1989 | BAZR2 |MH15934
Battery
Smoke o 7272-
Detector Notifier FSP-951 1 ea UL 268 UROX S1115 0028:0503
Smoke
Detector
Base Notifier B501-WHITE | 1 ea | UL268 | UROX | s1115 |, .[300-
1653:0109
6 Relay 7300-
Output Notifier XP6-R 1 ea UL 864 UOXX S635 .
0028:0219
Module
Module
10 Input . 7300-
Module Notifier XP10-M 1 ea UL 864 UOXX S635 0028:0219
Horn and
Horn and o uLsz 7135-
Strobe Strobe Notifier P2GRKLED 1 ea UL 464 UVAV S4011 1653:0534
(Smoke)
Horn and . P2GWKLED- uLsz 7135-
Strobe Notifier P 1 ea UL 464 UVAV S4011 1653:0534
Horn and
Strobe
(Gas)
Amber Lens Notifier LENS-A3 1 ea UL 1638 | UVAV S5512
DC Aux
Flexible 16 M UL listed E305578
Conduit
FACP
Aux FACP
Flexible sLC KWAMGIL 6 ea | UL1424 | FPL |E472701
Conduit Cable
Assy
18 AWG
Copper
Cable A-SC1.5-4 6 ea
Lug
Table 4. E-Panel Fire Safety Components
9
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2.2 M-LINK Fire Safety Components

The table below lists the fire safety materials installed in each M-LINK.

Product Information

Certificate Information

Appearance Section Item
Manufacturer Model Q'ty Unit UL Code UL File No CSFM
Category
Smoke . 7272-
Detector Notifier FSP-951 1 ea UL 268 UROX S1115 0028:0503
Smoke
Detector
Base Notifier B501-WHITE 1 ea UL 268 UROX S1115 7300-
" 1653:0109
6 Relay Output . 7300-
Module Notifier XP6-R 1 ea UL 864 UOXX S635 0028:0219
Module
2 Input Module Notifier FDM-1 1 ea UL 864 UOXX S635 7300-
p 0028:0219
Gas Detector | Gas Detector Honeywell XCL 1 ea UL61010-1| NYOK | E486160 5278-
yw 2383:0001
E;oa(ijfst INTOR - 2 ea
KHAN
Vent
Ventilation .
Linear -
Timotion MA2-K 2 ea UL962 IYOX2 E343440
Actuator
Intake
Damper Electroman EF17-850- 2 ea ULs07 | GPwv2 | E89520
. 00210
(with Fan)
b Partial Partial INTOR
Deflagration Deflagration KHAN 2 ea
Panel Panel
DC Aux
Flexible 16 M UL listed E305578
Conduit
FACP
Aux FACP
Flexible sLC KWAMGIL 6 ea uL1424 FPL  |E472701
Conduit Cable
Assy
Cable Lug
Table 5. M-LINK Fire Safety Components
10
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3. Fire Safety Logic

3.1 Fire Safety Logic

The E-Panel is configured with Fire Safety Logic through the FACP (Fire Alarm Control
Panel), while the M-LINK manages the fire safety system using two methods: the FACP and
a PLC (Programmable Logic Controller).
E-Panel

One smoke detector is installed in the E-Panel. When the smoke detector is activated, an
alarm is triggered, and the information is shared with the PLC. Also, when it is activated, the
fire horn/strobe is triggered, and simultaneously, the HVAC system installed inside the E-panel
shuts down.

Figure 4. Fire Safety Logic (E-Panel)
(1) M-LINK

One smoke detector and one gas detector are installed in each M-LINK. When smoke
detection is activated, the fire horn/strobe is triggered, and simultaneously, the HVAC system
inside the M-LINK shuts down, and the ventilation system is activated. Gas detectors are set
to detect combustible gas at 10% of the LFL (Lower Flammable Limit) in accordance with
NFPA 69. (Detection condition can be set via S/W manner, it will be set before installing on
site) When some combustible gas is detected, the ventilation system is activated, which
ensures that the gas concentration inside each M-LINK remains below 25% of the LFL. The
ventilation system consists of two door intake dampers (with fans), two roof exhaust vents.
Even if only one door intake damper and one roof exhaust vent (with fan) are operational, the
system still complies with NFPA 69 requirements (below 25% of the LFL). If gas detector or
smoke detector is activated in any of three M-LINKs, the entire ventilation system of the JF2
DC/AC LINK 5.1 will be activated. As shown in the Figures below, each M-LINK detects fire
and gas using two systems: the FACP (Fire Alarm Control Panel) and the PLC (Programmable
Logic Controller). The deflagration panel is designed to ensure that the structure of M-LINK
can Withstand and not collapse in the event of an explosion of flammable gas that occurs
before the gas sensor is activated (LFL10%).

11
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Figure 5. Fire Safety Logic of FACP (M-LINK)

Figure 6. Fire Safety Logic of PLC (M-LINK)

3.2 Cause & Effect Chart
The figure below represents the Cause & Effect Chart of the JF2 DC/AC LINK 5.1. All fire
safety information is transmitted to the FCC (Fire Command Center) installed on site.
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FIRE CONTROL PANEL E-PANEL M-LINK-1 M-LINK-2 M-LINK-3
CAUSE AND EFFECT
=
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¥ = ACTION / ACTIVATE E e | 3| B E‘ FREE EE E EE,_ EE, EE,
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1, THE QUTPUT SIGMAL OF THE COMBUSTIELE GAS DETECTOR EMITS A CONTACT SIGNAL & z|lal|k E 2|8 B E E B E;.(E £ !;.(E E !; E E
WHEN THE HYDROGEN CONCENTRATION INSIDE M-LINK 15 ABDVE 10% LFL. o2 2 wl k|2 B z B 5 s 3:%3 I gzés 232 gz
S|Z|E|8|8|% 7 |g|ozEzessezis olezisolesig
B|5|E|2|z|2 |2 55535355558 5888 22858 ¢
5|2 || F|E|8|F|5 |2 232222328 =325 2 |=328 =
5 o o
2 212 glz/g 3 28 8/2 2 2/ ¢2/e/2|ele
2 Z|Z|s|S|s|s|s|s|=2|z|=2|2|2|2|=|=2|=
< B|E
CAUSE MO, 1 2 3 a 5 13 7 a 5 10 11 12 13 14 15 16 17 18 13 n 1
. T ADD. NG aeman
T
E-PANEL
1 [SMOKE DETECTOR D100 ALARM X | X X X X
2 |INTAKE DAMPER (WITH FAN) OPEN STATE (M-LINKR1) M120 | SUPER. X X
3 |INTAKE DAMPER (WITH FAN) OPEN STATE (M-LINK#2) M121 | SUPER. X X
4 |INTAKE DAMPER (WITH FAN) OPEN STATE (M-LINK#3) M122 | SUPER. X X
5 |ROOF EXHAUST VENT OPEN STATE (M-LINK21) M123 | SUPER. X X
6 |ROOF EXHAUST VENT OPEN STATE (M-LINK22) M124 | SUPER. X X
7 |ROOF EXHAUST VENT OPEN STATE (M-LINKY3) M125 | SUPER. X X
B |FACP AC FAIL TROUBLE| X
9 |BATTERY FAULT TROUBLE X
10|LINE TROUBLE TROUBLE X
M-LINK-1
1 |SMOKE DETECTOR D10 ALARM X | X X X No| X | X[ N [X® XK XN X
2 |GAS SENSOR ALARM m3s ALARM X | X X X LR EE S S Sl SR
3 |GAS SENSOR TROUBLE M35 | TROUBLE X X
4 | DEFLAGRATION STATE M36 SUPER. X X
M-LINK-2
1 |SMOKE DETECTOR D20 ALARM X | X X X KV OKY | X[ X | X | X[ X
2 |GAS SENSOR ALARM M55 ALARM X | X X K¥ || X | X | X | X (K™ [X*| X
3 |GAS SENSOR TROUBLE M55 | TROUBLE X X
4 |DEFLAGRATION STATE M58 SUPER. X X
M-LINK-3
1 [SMOKE DETECTOR D30 ALARM X| X X X OK¥ | XF | X [KFo[X** X | X | X | X
2 |GAS SENSOR ALARM m75 ALARM X| X X KXY | X (KX X[ X | X | X
3 |GAS SENSOR TROUBLE M75 | TROUBLE X X
4 |DEFLAGRATION STATE M76 SUPER. X X

Figure 7. Cause & Effect Chart
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4. Fire Alarm System Plan
The figure below shows the cable connections for the JF2 DC/AC LINK 5.1 system.

Figure 8. JF2 DC/AC LINK 5.1 Connection Diagram

4.1 System Designer

System Designer name is Hyunmin Lee. And his contact is esshyunmin@lgensol.com

4.2 Pathway Class

Pathway class designation of Fire Alarm System is Class B

4.3 Pathway Survivability Level

Pathway Survivability Level of Fire Alarm System is level 0. The Fire Alarm System cable is

certified UL 1424. This cable has undergone Heat Shock Test(135°C, 1 hour)
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4.4 E-Panel
(1) FACP

FACP (Fire Alarm Control Panel) has the capability to connect to a UPS power supply,
auxiliary power, FCC communication lines, and internal communication lines. The Figure
below shows the wiring connections for the FACP (Fire Alarm Control Panel). LG will add a

lockout kit on top of the existing MCB for FACP to comply with NFPA 72 clause 10.6.5.2 and
10.6.5.4.

Figure 9. FACP Connection Diagram
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Figure 10. SLD (Breaker for FACP power)

Note: The capacity of each components of SLD may vary depending on the model.

(2) Fire Safety-related Connection in E-Panel

The figure below shows the cable connections for the fire system inside the E-Panel. The
cables are connected from the E-Panel to M-LINK 1, then to M-LINK 2, and to M-LINK 3, and
finally loop back from M-LINK 3 to the E-Panel. (back loop configuration)
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Figure 11. E-Panel Connection Diagram

JF2 DC&AC LINK 5.1 Fire Alarm System - Rev.5.0
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4.5 M-LINK

The Figure below illustrates the cable connections inside the M-LINK. The smoke detectors
are configured on the SLC (Signaling Line Circuit), the horn and strobe are on the NAC

(Notification Appliance Circuit), and the gas detectors are on the IDC (Initiating Device Circuit).
The fire communication is based on RS-485 communication.

Figure 12. M-LINK 1 Connection Diagram
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Figure 13. M-LINK 2 Connection Diagram

JF2 DC&AC LINK 5.1 Fire Alarm System - Rev.5.0
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4.6 Communication

The figure below shows the communication architecture of the JF2 DC/AC LINK 5.1 fire
system. The communication between FACP (Fire Alarm Control Panel) and PLC
(Programmable Logic Controller) is established through hard-wired signals. The fire system
communication via the PLC utilizes RS-485, hard-wired signals, and Modbus TCP.

— LEGEND

= Ethernet
e Modbus-485
e Hardwiring

Fiber Optic (Single Mode)

FACP SLC Line

Figure 15. JF2 DC/AC LINK 5.1 Fire Safety Architecture (Communication)
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5. Location of Components
Symbols are from NFPA170.

Q“ Gas Detector

@ Smoke Detector
FACP Fire Alarm Control Panel
CD% Horn & Strobe

Figure 16. Symbols of Fire Alarm System Components

chiler Assy HVAC ASS(Yy  chiler Assy HVAC ASS(Y cniler AsSy HVAC ASS(Y

m‘“m'\i o= : —

S
]E'i‘l s # e
LS LS

1 - = 1 — = 1 ——

o052
o0 3

(2185
12075)
(555)
=

1335) Front view
=X =]
Figure 17. Front View of JF2 DC/AC LINK
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Figure 18. Top View of JF2 DC/AC LINK
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5.1 Smoke Sensor (E-Panel)
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Figure 19. Location of Smoke Sensor (E-Panel)

5.2 Smoke sensor and Gas Detector (M-LINK)

Figure 20. Location of Smoke Detector and Gas Detector (M-LINK, Top view)

JF2 DC&AC LINK 5.1 Fire Alarm System - Rev.5.0
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Figure 21. Location of Smoke Detector and Gas Detector (M-LINK, Front view)

5.3 Horn & Strobe (E-Panel)
The exact location can vary from site to site, but it always has the same height based on

the ground as below.

Figure 22. Location of Horn & Strobe (E-Panel)
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5.4 FACP (E-Panel)

[16AFR.A)

10501}

Figure 23. Location of FACP (E-Panel)

6. Power Supply of Fire Alarm System

6.1 FACP Lead-Acid Battery

The FACP (Fire Alarm Control Panel) uses its own batteries and it is designed to back up
the loads for 24 hours ‘Standby’ and 2 hours ‘Alarm’ to meet requirement. The main loads are

the FACP, smoke detectors, and Horn & Strobe.

Load Power consumption Back up time

FACP
(Fire alarm control panel,

Smoke detectors, Gas
sensors, Horn & Strobe)

24 hours for standby power

18[W] (for Standby)
2 hours for operation

34.8[W] (for Operation)

Table 6. Power Load of FACP Lead-Acid Battery

Detail load lists by FACP battery and device current draw below.
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NOTIFIER’ :
@) Device Current Draw
by Honeywell
NFS-320 Fire Alarm Control Panel
Quantity x [device current draw] = total current draw per device (in amps)

Part Number | Qty | Primary Non-Alarm | Primary Alarm | Secondary Non-Alarm
CPU-320 1 x [0.25000] = 0.25000 x [0.25000] = 0.25000 x [0.25000] = 0.25000
CPs-24 1 % [0.00000] = 0.00000 % [0.00000] = 0.00000 x [0.04000] = 0.04000
HS-NCM-W/WF/SFMWMF/WSF/WESL 1 % [0.40000] = 0.40000 % [0.40000] = 0.40000 x [0.40000] = 0.40000
FSP-951 4 x [0.00020] = 0.00080 x [0.00000] = 0.00000 x [0.00020] = 0.00080
XP10-M 1 x [0.00350] = 0.00350 x [0.00000] = 0.00000 x [0.00350] = 0.00350
XP6R 4 x [0.00145] = 0.00580 % [0.00000] = 0.00000 % [0.00145] = 0.00580
FDM-1 3 % [0.00075] = 0.00225 % [0.00000] = 0.00000 % [0.00075] = 0.00225
SLC Loop Device Activation Current 1 ¥ [0.00000] = 0.00000 X [0.40000] = 0.40000 % [0.00000] = 0.00000|
P2GRKLED75 2 x [0.00000] = 0.00000 x[0.08700] = 0.17400 x [0.00000] = 0.00000|
Gas Sensor 3 x [0.03000] = 0.09000 x[0.07500] = 0.22500 % [0.03000] = 0.09000|

Total (Amperes): | 0.7524 A] 1.4490 A] 0.7924 A
Part Number | Qty | Secondary Alarm
Total Primary Alarm Load - C2 1 x [1.44900] = 1.44800
CPS-24 |7 [ x[0.04000] = 0.04000

Total (Amperes): | 1.4890 A

Figure 24. Device Current Draw of FACP
Below presents the FACP battery calculation for achieving a target standby time of 24 hours
and alarming time of 2 hours. Primary Loads are the FACP battery’s load when AC power is
supplied properly to the Fire Alarm Safety Components. Secondary Loads are the FACP
battery’s load to Fire Alarm Safety Components during outage.

Figure 25. FACP Battery Calculation
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6.2 UPS Battery (in the E-Panel)

The load for UPS is associated with the Gas detection & Ventilation System. The target
backup time for UPS is set to a minimum of 26 hours. This satisfies the Gas detection &
Ventilation System 24-hour standby time and 2 hours in alarm requirement as required by
IFC, CFC, PFC and NFPA 855.

Load Power_ Back up time
consumption

Relay
@ (15ea, M-LINK #1-3) 286 W 26 hours

Roof Exhaust Vent_
@) Operation 331.2W 1 min per 1 M-Link
(M-LINK Sequential)

Intake Fan 2ea for M-LINK

& Damper_ 0.18 W
Standby (Standby)

(Al M-LINK #1-3)

24 hours

Intake Fan 2ea for M-LINK

& Damper_ 330 W .
S Operation Start* (Operation Start) 5 sec per 1 M-Link
(M-LINK Sequential)
UPS 3 Intake Fan 2ea for M-LINK
(960W) & Damper_ 390 W 2 hours
Operation (Operation)
(Al M-LINK #1-3)
48W
26 hours
® UPS Module (Standby)
(1ea, E-Panel) 25 W
(Operation) 2 hours
7.84 W
(Standby) 24 hours
Sum 689.06 W 3 min
(Operation Start)
417.86 W
(Operation) 2 hours
Figure 26. Power load of UPS Battery
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7. Operation & Maintenance

7.1 Operation Procedure

(1) Automatic Operation

A fire safety system is operated automatically by means of a detection and control
system. If any smoke detector installed in JF2 DC/AC LINK 5.1 is activated, a Fire Alarm
signal is sent to the FCC, and the HVAC at the corresponding location is shut down. If a
smoke detector or a gas detector installed in M-LINK is activated, all ventilation systems
in JF2 DC/AC LINK 5.1 are activated. For detailed operating logic by items, please refer
to the "Fire Safety Logic with Cause & Effect Chart" in clause 3.2.

A WARNING

Everyone must evacuate the hazard area promptly upon hearing the pre-discharge
alarm. Make sure no one enters the hazard area. Call the fire department immediately.

7.2 Maintenance

This chapter contains maintenance instructions for the Fire Alarm System.

These procedures must be performed regularly in accordance with regulations. If problems
arise, a corrective action must be taken.

Take note of the following precautions:

1) This Fire Alarm System must be serviced by qualified personnel only. Qualified
personnel mean personnel who have met State approved or recognized certification,
licensing, registration, or other comparable requirements that apply to the areas in
which the individuals are conducting evaluations or assessments or providing early
intervention services.

2) Any environmental or operating condition which causes shorting or grounding of
system components can cause system malfunctions.

3) Before servicing any component, disarm the protection system by removing all AC and
DC power from the control unit.

(1) Periodic Maintenance Schedule

Aregular program of systematic maintenance is essential for continuous, proper operation
of all Fire Alarm Systems. A periodic maintenance schedule must be followed and an
inspection log maintained for ready reference. As a minimum, the log must record:

1) Inspection interval,

2) The inspection procedure performed,
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3) Maintenance performed, if any, as a result of inspection, and

4) The name of inspector performing the task.

Schedule Requirement Regulation Persons

Visual Inspection

Semi - NFPA 72,

annually : Table 14.3.1
Fire Alarm Control Panel, Smoke Detector, Horn and Strobe

Testing
NFPA 72,
Annually Table 2
Fire Alarm Control Panel, Smoke Detector, Horn and Strobe, 14.4.3.2
UPS Battery
Table 7. Periodic Maintenance Lists
(2) Annually

At least every 12 months, the enclosure shall be thoroughly inspected to determine if
penetrations or other changes have occurred that could adversely affect some leakage
or change volume of hazard or both.
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Revision History

Version Date Writer Change Description
1.0 01/16/2025- | Hyunmin Lee Initial Release
2.0 01/30/2025 | Hwanseok Choi Update fire safety logic, connection diagram
3.0 05/15/2025 | Hyunmin Lee Update specification of two fan and deflagration panel
Update certifications, CSFM, FACP battery breaker, figure 10,
4.0 06/17/2025 | Yoonsin Kim deflagration panel state signal, gas sensor DI name, UPS power
consumption and UPS back up time
Update plan for lockout kit on top of the existing MCB for FACP.
5.0 07/03/2025 | Yoonsin Kim

Update note for figure 10.

30

JF2 DC&AC LINK 5.1 Fire Alarm System - Rev.5.0




End of Document




Appendix 2-C: Fire and Safety Reports for DC LINK Batteries

SDS

0 20250731_F2XX-5.1US-GN11_Pack Product SDS (PSDS)_V2.0
0 F2D4-5.1US-TH01_DC LINK Thermal Component Specification_V4.0-Coolant
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Version: R0001.0000
SAFETY DATA SHEET Date of issue: 2024-07-31

Revision date: -

LGEnergy Solution EP096636PFB1 Lithium-lon Battery Module Change List: see Section 16

Copyright 2024. LG Energy Solution, Ltd. all rights reserved.

1. IDENTIFICATION

A. Product name
- LG Energy Solution EP096636PFBI1 Lithium-Ion Battery Module

B. Recommended use and restriction on use
- General use : Rechargeable Lithium-Ion Battery

- Restriction on use : Not available

C. Manufacturer / Supplier / Distributor information
O Manufacturer information

- Company name : LGEnergySolution (Nanjing) Co., Ltd..

- Addr :NO.17-18 HENGYIROAD, No 26 HENGFEIROAD NANJING ECONOMY & TECHNOLOGY ,DEVELOPMENT ZONE
e NANJING CITY, JIANGSU PROVINCE, P.R.C

- Telephone number : 025-8560-3000

- E-mail address : lidoudou@lgensol.com

O Supplier/Distributer information

- Company name : LGEnergySolution (Nanjing) Co., Ltd..
:NO.17-18 HENGYIROAD, No 26 HENGFEIROAD NANJING ECONOMY & TECHNOLOGY ,DEVELOPMENT ZONE

- Address NANJING CITY, JIANGSU PROVINCE, P.R.C
- Telephone number : 025-8560-3000
- E-mail address : lidoudou@]lgensol.com

Legal Remark
USA

- The Occupational Safety and Health Administration (OSHA) Hazard Communication Standard, 29 CFR Subpart 1910.1200 does not apply to various
subcategories including anything defined by OSHA as an "article". The products are defined as "articles", and are exempted from the requirements for Material
Safety Data Sheets.

EU

- The products are no “substances” or “mixtures” according to Regulation (EC) No 1907/2006 EC. Instead they have to be regarded as “articles”, no substances
are intended to be released during handling. Therefore there is no obligation to supply a Safety Data Sheet according to Regulation (EC) 1907/2006, Article 31.

General remark

- This Safety Data Sheet is provided as a service to our customers. This information is based on our current knowledge and is intended to describe the product for
the purposes of health, safety and environmental requirements only.

- It should not therefore be construed as guaranteeing any specific property of the product.

2. HAZARD IDENTIFICATION

A. GHS Classification

- No classification is presented since the product is legally an article rather than chemical substance or mixture according to The Occupational Safety and Health
Administration (OSHA) Hazard Communication Standard, 29 CFR Subpart 1910.1200

B. GHS label elements
- Not applicable

C. Other hazards which do not result in classification :

- Not available
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3. COMPOSITION/INFORMATION ON INGREDIENTS

3.1. LG Energy Solution JF2 Lithium-lon Battery Cell

Chemical Name CAS No. Content(%)
Carbon 7440-44-0 22.1
Aluminium 7429-90-5 9.2
Copper 7440-50-8 6.9
Ethyl methyl carbonate 623-53-0 18.1
1,1-Difluiroethene homopolymer 24937-79-9 1.3
Lithium Iron Phospahate Co-Crystallized 15365-14-7 42.4

3.2 LG Energy Solution EP096636PFB1 Module

Chemical Name Trade names and Synonyms CAS No. Content(%)

3.1. LG Energy Solution JF2 Lithium-Ion Battery Cell Shown as on Table 3.1 78
Aluminium 7429-90-5 10
Iron 7439-89-6 6
Carbonic dichloride polymer with 4,4'-(1-methylethylidene) 103598-77-2 2
bis[phenol], 4-(1,1-dimethylethyl)phenylester

1-Propene polymer with ethene 9010-79-1/KE-29433 2
2,6-Dimethylphenol homopolymer 25134-01-4/KE-11767 1
Copper 7440-50-8 1

4. FIRST AID MEASURES

A. Eye contact
- Not a health hazard.

B. Skin contact
- Not a health hazard.

C. Inhalation contact
- Not a health hazard.

D. Ingestion contact
- Get medical attention immediately.

IF EXPOSURE TO INTERNAL MATERIALS WITHIN CELL DUE TO DAMAGED OUTER CASING,
THE FOLLOWING ACTIONS ARE RECOMMENDED ;
- Obtain special instructions before use.
- Do not handle until all safety precautions have been read and understood.
- Keep away from heat/sparks/open flames/hot surfaces.
- Keep/Store away from clothing /combustible materials.
- Do not breathe dust/fume/gas/mist/vapours/spray.
- Do not get in eyes, on skin, or on clothing.
- Avoid release to the environment.
- Wear protective gloves/protective clothing/eye protection/face protection.
- Use personal protective equipment as required.

A. Eye contact
- Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do. Continue rinsing.
- Get medical attention immediately.

B. Skin contact
- Wash with plenty of soap and water.
- Remove/Take off immediately all contaminated clothing. Rinse skin with water/shower.
- Take off contaminated clothing and wash it before reuse.
- Get medical attention immediately.
- If skin irritation or rash occurs, Get medical advice/attention.
- Wear gloves when washing the patient, and please avoid contact with contaminated clothing.

C. Inhalation contact
- Remove victim to fresh air and keep at rest in a position comfortable for breathing.
- Take specific treatment if needed.
- Get immediate medical advice/attention.
- If breathing is stopped or irregular, give artificial respiration and supply oxygen.
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D. Ingestion contact
- Rinse mouth.
- Immediately call a POISON CENTER or doctor/physician.
- Get immediate medical advice/attention.

- About whether I should induce vomiting Take the advice of a doctor.

E. Delayed and immediate effects and also chronic effects from short and long term exposure

- Not available

F. Notes to physician

- Notify medical personnel of contaminated situations and have them take appropriate protective measures.

5. FIREFIGHTING MEASURES

A. Suitable (Unsuitable) extinguishing media

- Use extinguishing media suitable for the materials that are burning.

B. Specific hazards arising from the chemical

- Cell is not flammable but internal organic material will burn if the cell is incinerated. Combustion products include, but are not limited to hydrogen fluoride, carbon
monoxide and carbon dioxide.

C. Special protective actions for firefighters
- Notify your local firestation and inform the location of the fire and characteristics hazard.
- Avoid inhalation of materials or combustion by-products.
- Use appropriate extinguishing measure suitable for surrounding fire.
- Wear appropriate protective equipment.
- Use fire fighting procedures suitable for surrounding area.
- If possible, remove cell(s) from fire fighting area. If heated above 150° C, cell(s) may combust/vent.

- Use NIOSH/MSHA approved full-face self-contained breathing apparatus (SCBA) with full protective gear.

6. ACCIDENTAL RELEASE MEASURES

A. Personal precautions, protective equipment and emergency procedures
- Protective equipment: Wear proper protective equipment

- Emergency procedures:

On Land

Place material into suitable containers and call local fire/police department.
In Water

If possible, remove from water and call local fire/police department.

- If required, notify relevant authorities according to all applicable regulations.

B. Environmental precautions
- Prevent runoff and contact with waterways, drains or sewers.

- Advise emergency services.

C. Methods and materials for containment and cleaning up
- Control personal contact by using protective equipment.
- Prevent, by any means available, containment from entering drains or water course.

- Dispose of waste in accordance with local regulation.
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A. Precautions for safe handling
- No special protective clothing required for handling individual cells.
- Do not expose battery or cell to extreme temperatures or fire.
- Do not disassemble, crush or puncture battery.
- Do not overcharge or over discharge the battery.
- Do not connect (short circuit) positive and negative terminals.

- Do not place the batteries on conductive metal.

B. Conditions for safe storage, including any incompatibilities
- Store in a cool, dry place.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

A. Exposure limits
O ACGIHTLV
- Not available
O OSHA PEL
- Not available

B. Engineering controls
- Keep away from heat and open flame.
- Store in cool and dry place.

C. Personal protective equipment
O Respiratory protection

- Not required during normal operations.
- SCBA required in the event of fire.
O Eye protection
- Not required beyond safety practices of employer.
O Hand protection
- Not required for handling of cells.
O Skin protection
- Steel toed shoes recommended for large container handling.
O Others
- Not available

9. PHYSICAL AND CHEMICAL PROPERTIES

A. Appearance

- Appearance Solid

- Color Not available
B. Odor Not available
C. Odor threshold Not available
D.pH Not available
E. Melting point/Freezing point Not available
F. Initial Boiling Point/Boiling Ranges Not available
G. Flash point Not available
H. Evaporation rate Not available
1. Flammability(solid, gas) Not available
J. Upper/Lower Flammability or explosive limits Not available
K. Vapour pressure Not available
L. Solubility Insoluble
M. Vapour density Not available
N. Specific gravity(Relative density) Not available
O. Partition coefficient of n-octanol/water Not available
P. Autoignition temperature Not available
Q. Decomposition temperature Not available
R. Viscosity Not available
S. Molecular weight Not available




5/7

10. STABILITY AND REACTIVITY

A. Chemical Stability
- None during normal operating conditions.

B. Possibility of hazardous reactions
- None during normal operating conditions.

C. Conditions to avoid
- Avoid exposure to heat, open flame, and corrosives.
- Do not puncture, crush or incinerate.

D. Incompatible materials
- None during normal operating conditions.

E. Hazardous decomposition products
- None during normal operating conditions.
- If cells are damaged, hydrogen fluoride and carbon monoxide may be released.

11. TOXICOLOGICAL INFORMATION

A. Information on the likely routes of exposure
O (Respiratory tracts)
- None during normal operating conditions.
O (Oral)

- None during normal operating conditions.
O (Eye-Skin)
- None during normal operating conditions.

B. Delayed and immediate effects and also chronic effects from short and long term exposure
O Acute toxicity
* Oral
- This product does not elicit toxicological properties during routine handling and use.
* Dermal
- This product does not elicit toxicological properties during routine handling and use.
* Inhalation
- This product does not elicit toxicological properties during routine handling and use.

O Skin corrosion/irritation
- No irritation.
- If the cells are opened through misuse or damage, discard immediately. Internal components of cell are irritants and sensitizers.

O Serious eye damage/irritation
- Not available

O Respiratory sensitization

- Not available
O Skin sensitization
- No sensitization.

- If the cells are opened through misuse or damage, discard immediately. Internal components of cell are irritants and sensitizers.

O Carcinogenicity
- Not available

O Germ cell mutagenicity
- Not available
O Reproductive toxicity
- This product does not elicit toxicological properties during routine handling and use.
O STOT-single exposure
- Not available
O STOT-repeated exposure

- Not available
O Aspiration hazard
- Not available
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12. ECOLOGICAL INFORMATION

A. Ecotoxicity
O Fish

- Not available
O Crustaceans
- Not available

O Algae
- Not available

B. Persistence and degradability
O Persistence
- Not available
O Degradability
- Not available

C. Bioaccumulative potential
O Bioaccumulative potential
- Some materials within the cell are bioaccumulative. Under normal conditions, these materials are contained and pose no risk to persons or the surrounding
environment.

O Biodegration
- Not available

D. Mobility in soil
- Not available

E. Other adverse effects
- Not available

13. DISPOSAL CONSIDERATIONS

A. Disposal methods
- Dispose of according to all federal, state, and local regulations.
Follow Directive 2006/66/EC.
California regulated debris
RCRA Waste Code : Non regulated

B. Special precautions for disposal
- Not available

14. TRANSPORT INFORMATION

A. UN No.
- 3481

B. Proper shipping name
- Lithium Ion Batteries contained in Equipment

C. Hazard Class
- Class 9
- Hazard label: Miscellaneous

D. Packing group
=10

E. Marine pollutant
- Not available

F. Special precautions for user related to transport or transportation measures
IMO

-Packing Instruction: LP903

- Special Provision: 188,230,310, 957
- EmS: F-A, S-1
UN DOT

- This product is not subject to any other requirements of dangerous goods under 49
- CFR 173.185 (Lithium Batteries and Cells).
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15. REGULATORY INFORMATION

A. National and/or international regulatory information

O Information of EU Classification
- Information according to Regulation (EC) No 1272/2008 [CLP]
- Information according to Directive 67/548/EEC

O U.S. Federal regulations
- Information according to ISHA
- Information according to TCCA and other chemical management regulations
- Dangerous Substances Safety Management Act
- Regulation of Disposal
- OSHA hazard communication standard (29 CFR 1910.1200)

ay_ Hazardous __ Non-hazardous

16. OTHER INFORMATION

A. Reference

- This information is based on our present state of knowledge. It shall describe our products regarding safety requirements and shall not be construed as a
guarantee or statement of condition and/or quality

- Information contained in this safety data sheet is based on LG Energy Solution owned data and public sources deemed valid or acceptable. The absence of data
elements indicates, that no data meeting these requirements is available

B. Issue date
-2024-07-31

C. Revision number and Last date revised

D. Other
- This SDS is prepared according to the Globally Harmonized System (GHS).
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fhecording to GB/T 16483, GB/T 17519 SEV1-R3A-35 Battery system low conductivity coolant

S KR

Species Rabbit

&5 ToRZRRRIRS

Result No skin irritation

FEE RIS/ AR RIENBEELRHTHE,
Serious eye injury/eye irritation According to the existing information, classification is unnecessary.
B

Component

pdumi -

Ethylene glycol

S KR

Species Rabbit

EEES ToRRES RS/ ARR

Result No eye injury/eye irritation
TPIRER SE BRI B RIRNBEELHHTHE,

Respiratory or skin allergy
by

According to the existing information, classification is unnecessary.

Component

pdumi -

Ethylene glycol

M2 BARRAYE

Test type Maximum response test
R ReRkIERR

Contact route Skin contact

HE PR

Species Guinea pig

EEES [i5]E4

Result Negative

e S Y RIENBEELHETNE,

Germ cell mutagenicity
B

Component

P -3

Ethylene glycol
MONEESE

In vitro genotoxicity

Pl S

According to the existing information, classification is unnecessary.

AE ISR (AMES)

Test type Bacterial reversion mutation test (AMES)
& OECDIX SN 471

Methods OECD test quideline 471

ER RRtE

Result Negative

Homtt RIENBEELHETNE,
Carcinogenicity According to the existing information, classification is unnecessary.
B

Component

pdumi -

Ethylene glycol

HE /N

Species Mouse

RBRR BA

Exposure route Ingestion

RER(E) 2F

Duration of exposure 2 years

R [i5]E4

Result Negative

SEE RIRIBEELHHTHE,
Reproductive toxicity According to the existing information, classification is unnecessary.

ERHERERASE- Rz

STOT- single exposure

BRIEERERASE- K2

STOT-repeated exposure
B

RIEMBEETHHITOE.
According to the existing information, classification is unnecessary.

RIEMBEETHHITOE.
According to the existing information, classification is unnecessary.

Component

P -3

Ethylene glycol

HARE BA

Contact route Ingestion

EREE =]

Target organ Kidney

ek FEREN0 -100 mg/kgRERT S R4 T B R AV,

Estimate When the concentration is 10 -100 mg/kg body weight, it shows obvious health effects on animals.
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SAFETY DATA SHEET
according to GB/T 16483 and GB/T 17519

HFC-32 Refrigerant

Version Revision Date: SDS Number: Date of last issue: 2022/07/07
6.5 2023/04/14 1329112-00040 Date of first issue: 2017/02/27

1. PRODUCT AND COMPANY IDENTIFICATION
Product name . HFC-32 Refrigerant

SDS-Identcode : 130000016047

Manufacturer or supplier's details
Company . The Chemours Chemical (Shanghai) Co., Ltd.

Address . 9F, SCG Parkside, 868 Yinghua Road, Pudong New District
201204, Shanghai, China

Telephone . 86400 8056 528

Emergency telephone number : 86 532 8388 9090

E-mail address . SDS.ChinaPSR@chemours.com

Telefax : 86212612 0862

Recommended use of the chemical and restrictions on use

Recommended use . Propellant
Refrigerant
Restrictions on use :  For professional users only.

2. HAZARDS IDENTIFICATION

Emergency Overview

Appearance . Liquefied gas
Colour . colourless
Odour . slight, ether-like

Extremely flammable gas. Contains gas under pressure; may explode if heated.

GHS Classification
Flammable gases :  Category 1

Gases under pressure . Liquefied gas

GHS label elements
Hazard pictograms

Signal word : Danger
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Version Revision Date: SDS Number: Date of last issue: 2022/07/07
6.5 2023/04/14 1329112-00040 Date of first issue: 2017/02/27
advice.
If inhaled . If inhaled, remove to fresh air.

If not breathing, give artificial respiration.
If breathing is difficult, give oxygen.
Get medical attention immediately.

In case of skin contact . Thaw frosted parts with lukewarm water. Do not rub affected
area.
Get medical attention immediately.

In case of eye contact :  Get medical attention immediately.

If swallowed . Ingestion is not considered a potential route of exposure.
Most important symptoms :  May cause cardiac arrhythmia.

and effects, both acute and Other symptoms potentially related to misuse or inhalation
delayed abuse are

Cardiac sensitisation

Anaesthetic effects

Light-headedness

Dizziness

confusion

Lack of coordination

Drowsiness

Unconsciousness

Gas reduces oxygen available for breathing.
Contact with liquid or refrigerated gas can cause cold burns
and frostbite.

Protection of first-aiders . No special precautions are necessary for first aid responders.

Notes to physician . Because of possible disturbances of cardiac rhythm, cate-
cholamine drugs, such as epinephrine, that may be used in
situations of emergency life support should be used with spe-
cial caution.

5. FIREFIGHTING MEASURES

Suitable extinguishing media : Water spray
Alcohol-resistant foam
Carbon dioxide (CO2)

Dry chemical

Unsuitable extinguishing : None known.

media

Specific hazards during fire- : Vapours may form flammable mixture with air

fighting Exposure to combustion products may be a hazard to health.
If the temperature rises there is danger of the vessels bursting
due to the high vapor pressure.

Hazardous combustion prod- : Hydrogen fluoride

ucts carbonyl fluoride
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Carbon oxides

Specific extinguishing meth- : Use extinguishing measures that are appropriate to local cir-
ods cumstances and the surrounding environment.
Fight fire remotely due to the risk of explosion.
Use water spray to cool unopened containers.
Leaking gas fire: Do not extinguish, unless leak can be
stopped safely.
Remove undamaged containers from fire area if it is safe to do
so.
Evacuate area.

Special protective equipment : Wear self-contained breathing apparatus for firefighting if nec-
for firefighters essary.
Use personal protective equipment.

6. ACCIDENTAL RELEASE MEASURES

Personal precautions, protec- : Evacuate personnel to safe areas.
tive equipment and emer- Only trained personnel should re-enter the area.
gency procedures Remove all sources of ignition.

Avoid skin contact with leaking liquid (danger of frostbite).
Ventilate the area.

Follow safe handling advice (see section 7) and personal pro-
tective equipment recommendations (see section 8).

Environmental precautions . Avoid release to the environment.
Prevent further leakage or spillage if safe to do so.
Retain and dispose of contaminated wash water.

Methods and materials for . Ventilate the area.

containment and cleaning up Non-sparking tools should be used.
Suppress (knock down) gases/vapours/mists with a water
spray jet.

Local or national regulations may apply to releases and dis-
posal of this material, as well as those materials and items
employed in the cleanup of releases. You will need to deter-
mine which regulations are applicable.

Sections 13 and 15 of this SDS provide information regarding
certain local or national requirements.

7. HANDLING AND STORAGE

Handling

Technical measures . Use equipment rated for cylinder pressure. Use a backflow
preventative device in piping. Close valve after each use and
when empty.

Local/Total ventilation . If sufficient ventilation is unavailable, use with local exhaust
ventilation.

If advised by assessment of the local exposure potential, use
only in an area equipped with explosion-proof exhaust ventila-
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tion.

Advice on safe handling

Avoidance of contact

Storage
Conditions for safe storage

Materials to avoid

Avoid breathing gas.

Handle in accordance with good industrial hygiene and safety
practice, based on the results of the workplace exposure as-
sessment

Keep container tightly closed.

Wear cold insulating gloves/ face shield/ eye protection.
Valve protection caps and valve outlet threaded plugs must
remain in place unless container is secured with valve outlet
piped to use point.

Prevent backflow into the gas tank.

Use a check valve or trap in the discharge line to prevent haz-
ardous back flow into the cylinder.

Use a pressure reducing regulator when connecting cylinder
to lower pressure (<3000 psig) piping or systems.

Close valve after each use and when empty. Do NOT change
or force fit connections.

Prevent the intrusion of water into the gas tank.

Never attempt to lift cylinder by its cap.

Do not drag, slide or roll cylinders.

Use a suitable hand truck for cylinder movement.

Keep away from heat, hot surfaces, sparks, open flames and
other ignition sources. No smoking.

Take precautionary measures against static discharges.
Take care to prevent spills, waste and minimize release to the
environment.

Oxidizing agents

Cylinders should be stored upright and firmly secured to pre-
vent falling or being knocked over.

Separate full containers from empty containers.

Do not store near combustible materials.

Avoid area where salt or other corrosive materials are present.
Keep in properly labelled containers.

Keep tightly closed.

Keep in a cool, well-ventilated place.

Keep away from direct sunlight.

Store in accordance with the particular national regulations.
Keep away from heat and sources of ignition.

Do not store with the following product types:
Self-reactive substances and mixtures
Organic peroxides

Oxidizing agents

Flammable liquids

Pyrophoric liquids

Pyrophoric solids

Self-heating substances and mixtures
Explosives
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Recommended storage tem- : <52°C
perature
Storage period : >10yr
Further information on stor- : The product has an indefinite shelf life when stored properly.
age stability
Packaging material : Unsuitable material: None known.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Components with workplace control parameters
Contains no substances with occupational exposure limit values.

Engineering measures : Minimize workplace exposure concentrations.
If sufficient ventilation is unavailable, use with local exhaust
ventilation.
If advised by assessment of the local exposure potential, use
only in an area equipped with explosion-proof exhaust venti-
lation.

Personal protective equipment

Respiratory protection . If adequate local exhaust ventilation is not available or expo-
sure assessment demonstrates exposures outside the rec-
ommended guidelines, use respiratory protection.

Filter type : Organic gas and low boiling vapour type
Eye/face protection : Wear the following personal protective equipment:
Chemical resistant goggles must be worn.
Face-shield
Skin and body protection : Wear the following personal protective equipment:

If assessment demonstrates that there is a risk of explosive
atmospheres or flash fires, use flame retardant antistatic
protective clothing.

Hand protection
Material . Heatresistant gloves

Remarks . Choose gloves to protect hands against chemicals depending
on the concentration and quantity of the hazardous sub-
stance and specific to place of work. For special applications,
we recommend clarifying the resistance to chemicals of the
aforementioned protective gloves with the glove manufactur-
er. Wash hands before breaks and at the end of workday.
Breakthrough time is not determined for the product. Change
gloves often!
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Protective measures : Wear cold insulating gloves/ face shield/ eye protection.
Hygiene measures . If exposure to chemical is likely during typical use, provide
eye flushing systems and safety showers close to the work-
ing place.

When using do not eat, drink or smoke.
Wash contaminated clothing before re-use.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance :  Liquefied gas
Colour :  colourless
Odour . slight, ether-like
Odour Threshold . No data available
pH :  No data available
Melting point/freezing point : -136°C
Initial boiling point and boiling : -51.6 °C
range
Flash point . Not applicable
Evaporation rate o>

(CCL4=1.0)
Flammability (solid, gas) . Flammable
Self-ignition . The substance or mixture is not classified as pyrophoric.
Upper explosion limit / Upper : Upper flammability limit
flammability limit 31 %(V)

Method: ASTM E681
Lower explosion limit / Lower : Lower flammability limit
flammability limit 14 %(V)

Method: ASTM E681
Vapour pressure : 17,010 hPa (25 °C)
Relative vapour density :1.82

(Air=1.0)
Relative density : 0.96 (25 °C)
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Density 0.961 g/cm? (25 °C)

Solubility(ies)
Water solubility

Partition coefficient: n-
octanol/water

Auto-ignition temperature
Decomposition temperature

Viscosity
Viscosity, kinematic

Explosive properties

Oxidizing properties

Particle size

(as liquid)

4.4 g/l (25°C)

log Pow: 0.21 (25 °C)

530 °C

No data available

Not applicable

Not explosive

The substance or mixture is not classified as oxidizing.

Not applicable

10. STABILITY AND REACTIVITY

Reactivity

Chemical stability

Possibility of hazardous reac-
tions

Conditions to avoid

Incompatible materials

Hazardous decomposition
products

Not classified as a reactivity hazard.

Stable if used as directed. Follow precautionary advice and
avoid incompatible materials and conditions.

Vapours may form flammable mixture with air
Can react with strong oxidizing agents.
Flammable gas.

Heat, flames and sparks.

Oxidizing agents

No hazardous decomposition products are known.

11. TOXICOLOGICAL INFORMATION

Exposure routes

Acute toxicity

Inhalation
Skin contact
Eye contact

Not classified based on available information.
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Components:

Difluoromethane:

Acute oral toxicity . Assessment: The substance or mixture has no acute oral tox-
icity
Acute inhalation toxicity :  LC50 (Rat): > 520000 ppm

Exposure time: 4 h
Test atmosphere: gas
Method: OECD Test Guideline 403

No observed adverse effect concentration (Dog): 350000 ppm
Test atmosphere: gas
Remarks: Cardiac sensitisation

Lowest observed adverse effect concentration (Dog): >
350000 ppm

Test atmosphere: gas

Remarks: Cardiac sensitisation

Cardiac sensitisation threshold limit (Dog): > 735,000 mg/m3
Test atmosphere: gas
Remarks: Cardiac sensitisation

Acute dermal toxicity : Assessment: The substance or mixture has no acute dermal
toxicity

Skin corrosionl/irritation
Not classified based on available information.

Components:

Difluoromethane:
Result . No skin irritation

Serious eye damage/eye irritation
Not classified based on available information.

Components:

Difluoromethane:
Result : No eye irritation

Respiratory or skin sensitisation
Skin sensitisation
Not classified based on available information.

Respiratory sensitisation
Not classified based on available information.
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Components:

Difluoromethane:

Exposure routes : Skin contact
Result . negative

Germ cell mutagenicity
Not classified based on available information.

Components:

Difluoromethane:

Genotoxicity in vitro . Test Type: Bacterial reverse mutation assay (AMES)
Method: OECD Test Guideline 471
Result: negative

Test Type: Chromosome aberration test in vitro
Method: OECD Test Guideline 473
Result: negative

Genotoxicity in vivo . Test Type: Mammalian erythrocyte micronucleus test (in vivo
cytogenetic assay)
Species: Mouse
Application Route: inhalation (gas)
Method: OECD Test Guideline 474
Result: negative

Germ cell mutagenicity - . Weight of evidence does not support classification as a germ
Assessment cell mutagen.

Carcinogenicity

Not classified based on available information.
Reproductive toxicity

Not classified based on available information.

Components:

Difluoromethane:

Effects on fertility . Species: Mouse
Application Route: Inhalation
Result: negative
Remarks: Based on data from similar materials

Effects on foetal develop- . Test Type: Combined repeated dose toxicity study with the
ment reproduction/developmental toxicity screening test
Species: Rat

Application Route: inhalation (gas)
Method: OECD Test Guideline 414
Result: negative

Test Type: Combined repeated dose toxicity study with the
reproduction/developmental toxicity screening test
Species: Rabbit
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Application Route: inhalation (gas)
Method: OECD Test Guideline 414
Result: negative

Reproductive toxicity - As- . Weight of evidence does not support classification for repro-
sessment ductive toxicity

STOT - single exposure
Not classified based on available information.
Components:

Difluoromethane:

Exposure routes . inhalation (gas)
Assessment . No significant health effects observed in animals at concentra-
tions of 20000 ppmV/4h or less

STOT - repeated exposure
Not classified based on available information.

Components:

Difluoromethane:

Exposure routes . inhalation (gas)
Assessment . No significant health effects observed in animals at concentra-
tions of 250 ppmV/6h/d or less.

Repeated dose toxicity

Components:

Difluoromethane:

Species . Rat, male and female
NOAEL : 49100 ppm

LOAEL : >49100 ppm

Application Route : inhalation (gas)

Exposure time ;13 Weeks

Method :  OECD Test Guideline 413

Aspiration toxicity
Not classified based on available information.
Components:

Difluoromethane:
No aspiration toxicity classification
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12. ECOLOGICAL INFORMATION

Ecotoxicity

Components:

Difluoromethane:
Toxicity to fish

Toxicity to daphnia and other
aquatic invertebrates

Toxicity to algae/aquatic
plants

Persistence and degradability

Components:

Difluoromethane:
Biodegradability

Bioaccumulative potential

Components:

Difluoromethane:

Partition coefficient: n-
octanol/water

Mobility in soil
No data available

Other adverse effects
No data available

LC50 (Fish): 1,507 mgl/l

Exposure time: 96 h

Method: ECOSAR (Ecological Structure Activity Relation-
ships)

EC50 (Daphnia (water flea)): 652 mg/I

Exposure time: 48 h

Method: ECOSAR (Ecological Structure Activity Relation-
ships)

EC50 (green algae): 142 mg/I

Exposure time: 96 h

Method: ECOSAR (Ecological Structure Activity Relation-
ships)

Result: Not readily biodegradable.
Method: OECD Test Guideline 301D

log Pow: 0.714

13. DISPOSAL CONSIDERATIONS

Disposal methods
Waste from residues

Contaminated packaging

Dispose of in accordance with local regulations.

Empty containers should be taken to an approved waste han-

dling site for recycling or disposal.
Empty pressure vessels should be returned to the supplier.
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Empty containers retain residue and can be dangerous.

Do not pressurize, cut, weld, braze, solder, drill, grind, or ex-
pose such containers to heat, flame, sparks, or other sources
of ignition. They may explode and cause injury and/or death.
If not otherwise specified: Dispose of as unused product.

14. TRANSPORT INFORMATION

International Regulations

UNRTDG

UN number

Proper shipping name
Class

Packing group

Labels

IATA-DGR

UN/ID No.

Proper shipping name

Class

Packing group

Labels

Packing instruction (cargo
aircraft)

Packing instruction (passen-
ger aircraft)

IMDG-Code
UN number
Proper shipping name

Class

Packing group
Labels

EmS Code
Marine pollutant

UN 3252

REFRIGERANT GAS R 32
2.1

Not assigned by regulation
2.1

UN 3252

Refrigerant gas R 32

2.1

Not assigned by regulation
Flammable Gas

200

Not permitted for transport

UN 3252
REFRIGERANT GAS R 32

2.1

Not assigned by regulation
2.1

F-D, S-U

no

Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC Code
Not applicable for product as supplied.

National Regulations

GB 6944/12268

UN number

Proper shipping name
Class

Packing group

Labels

Special precautions for user

UN 3252

REFRIGERANT GAS R 32
2.1

Not assigned by regulation
2.1

The transport classification(s) provided herein are for informational purposes only, and solely

based upon the properties of the unpackaged material as it is described within this Safety Data
Sheet. Transportation classifications may vary by mode of transportation, package sizes, and var-
iations in regional or country regulations.
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15. REGULATORY INFORMATION

National regulatory information

Regulations on Safety Management of Hazardous Chemicals
Catalogue of Hazardous Chemicals . Listed

Identification of Major Hazard Installations for Hazardous Chemicals (GB 18218)

No. / Code Chemical name / Category Threshold quantity
w2 Flammable gases 10t
Montreal Protocol . Difluoromethane

Yangtze River Protection Law

This product does not contain any dangerous chemicals prohibited for inland river transport.

16. OTHER INFORMATION
Revision Date ;. 2023/04/14

Other information : Chemours™ and the Chemours Logo are trademarks of The
Chemours Company.
Before use read Chemours safety information.
For further information contact the local Chemours office or
nominated distributors.

Further information

Sources of key data used to  : Internal technical data, data from raw material SDSs, OECD
compile the Safety Data eChem Portal search results and European Chemicals Agen-
Sheet cy, http://fecha.europa.eu/

Date format © o yyyy/mm/dd

Full text of other abbreviations

AlIC - Australian Inventory of Industrial Chemicals; ANTT - National Agency for Transport by
Land of Brazil; ASTM - American Society for the Testing of Materials; bw - Body weight; CMR -
Carcinogen, Mutagen or Reproductive Toxicant; DIN - Standard of the German Institute for
Standardisation; DSL - Domestic Substances List (Canada); ECx - Concentration associated with
x% response; ELx - Loading rate associated with x% response; EmS - Emergency Schedule;
ENCS - Existing and New Chemical Substances (Japan); ErCx - Concentration associated with
x% growth rate response; ERG - Emergency Response Guide; GHS - Globally Harmonized Sys-
tem; GLP - Good Laboratory Practice; IARC - International Agency for Research on Cancer; IATA
- International Air Transport Association; IBC - International Code for the Construction and
Equipment of Ships carrying Dangerous Chemicals in Bulk; IC50 - Half maximal inhibitory con-
centration; ICAO - International Civil Aviation Organization; IECSC - Inventory of Existing Chemi-
cal Substances in China; IMDG - International Maritime Dangerous Goods; IMO - International
Maritime Organization; ISHL - Industrial Safety and Health Law (Japan); ISO - International Or-
ganisation for Standardization; KECI - Korea Existing Chemicals Inventory; LC50 - Lethal Con-
centration to 50 % of a test population; LD50 - Lethal Dose to 50% of a test population (Median
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Lethal Dose); MARPOL - International Convention for the Prevention of Pollution from Ships;
n.o.s. - Not Otherwise Specified; Nch - Chilean Norm; NO(A)EC - No Observed (Adverse) Effect
Concentration; NO(A)EL - No Observed (Adverse) Effect Level; NOELR - No Observable Effect
Loading Rate; NOM - Official Mexican Norm; NTP - National Toxicology Program; NZIoC - New
Zealand Inventory of Chemicals; OECD - Organization for Economic Co-operation and Develop-
ment; OPPTS - Office of Chemical Safety and Pollution Prevention; PBT - Persistent, Bioaccumu-
lative and Toxic substance; PICCS - Philippines Inventory of Chemicals and Chemical Substanc-
es; (Q)SAR - (Quantitative) Structure Activity Relationship; REACH - Regulation (EC) No
1907/2006 of the European Parliament and of the Council concerning the Registration, Evalua-
tion, Authorisation and Restriction of Chemicals; SADT - Self-Accelerating Decomposition Tem-
perature; SDS - Safety Data Sheet; TCSI - Taiwan Chemical Substance Inventory; TDG - Trans-
portation of Dangerous Goods; TECI - Thailand Existing Chemicals Inventory; TSCA - Toxic Sub-
stances Control Act (United States); UN - United Nations; UNRTDG - United Nations Recom-
mendations on the Transport of Dangerous Goods; vPvB - Very Persistent and Very Bioaccumu-
lative; WHMIS - Workplace Hazardous Materials Information System

Disclaimer

The information provided in this Safety Data Sheet is correct to the best of our knowledge, infor-
mation and belief at the date of its publication. The information is designed only as a guidance for
safe handling, use, processing, storage, transportation, disposal and release and shall not be
considered a warranty or quality specification of any type. The information provided relates only
to the specific material identified at the top of this SDS and may not be valid when the SDS mate-
rial is used in combination with any other materials or in any process, unless specified in the text.
Material users should review the information and recommendations in the specific context of their
intended manner of handling, use, processing and storage, including an assessment of the ap-
propriateness of the SDS material in the user’s end product, if applicable.

CN/EN
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Opteon™ XP10 (R-513A) Refrigerant

Version Revision Date: SDS Number: Date of last issue: 04/06/2023
6.14 09/25/2023 1336485-00048 Date of first issue: 02/27/2017

SECTION 1. IDENTIFICATION

Product name . Opteon™ XP10 (R-513A) Refrigerant
SDS-ldentcode : 130000051352
Other means of identification : No data available

Manufacturer or supplier's details

Company name of supplier . The Chemours Canada Company
Address : 151 Bloor Street West - 12th Floor
Toronto, ON M5S 1S4 Canada
Telephone . 1-844-773-CHEM (2436)
Emergency telephone : 1-866-595-1473 (24 hours)

Recommended use of the chemical and restrictions on use
Recommended use . Refrigerant

Restrictions on use :  Consumer use, For professional users only.

SECTION 2. HAZARDS IDENTIFICATION

GHS classification in accordance with the Hazardous Products Regulations
Gases under pressure : Liquefied gas

Simple Asphyxiant . Category 1

GHS label elements
Hazard pictograms

Signal Word : Warning

Hazard Statements : H280 Contains gas under pressure; may explode if heated.
May displace oxygen and cause rapid suffocation.

Precautionary Statements Storage:

P410 + P403 Protect from sunlight. Store in a well-ventilated
place.
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1336485-00048

Date of last issue: 04/06/2023
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Protection of first-aiders

Notes to physician

Swelling of tissue

Itching

Discomfort

Redness

Eye contact may provoke the following symptoms
tearing

Redness

Discomfort

May displace oxygen and cause rapid suffocation.
Gas reduces oxygen available for breathing.
Contact with liquid or refrigerated gas can cause cold burns
and frostbite.

No special precautions are necessary for first aid responders.

Because of possible disturbances of cardiac rhythm, ca-
techolamine drugs, such as epinephrine, that may be used in
situations of emergency life support should be used with spe-
cial caution.

Suitable extinguishing media
Unsuitable extinguishing
media

Specific hazards during fire

fighting

Hazardous combustion prod-
ucts

Specific extinguishing meth-

ods

Special protective equipment
for fire-fighters

SECTION 5. FIRE-FIGHTING MEASURES

Not applicable
Will not burn

Not applicable
Will not burn

Exposure to combustion products may be a hazard to health.
If the temperature rises there is danger of the vessels bursting
due to the high vapor pressure.

Hydrogen fluoride
Fluorine compounds
Carbon oxides
carbonyl fluoride

Use extinguishing measures that are appropriate to local cir-
cumstances and the surrounding environment.

Fight fire remotely due to the risk of explosion.

Use water spray to cool unopened containers.

Remove undamaged containers from fire area if it is safe to do
SO.

Evacuate area.

Wear self-contained breathing apparatus for firefighting if
necessary.
Use personal protective equipment.

Personal precautions, protec- :

tive equipment and emer-

SECTION 6. ACCIDENTAL RELEASE MEASURES

Evacuate personnel to safe areas.
Avoid skin contact with leaking liquid (danger of frostbite).
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gency procedures Ventilate the area.

Follow safe handling advice (see section 7) and personal pro-
tective equipment recommendations (see section 8).

Environmental precautions :Avoid release to the environment.
Prevent further leakage or spillage if safe to do so.
Retain and dispose of contaminated wash water.

Methods and materials for :  Ventilate the area.

containment and cleaning up Local or national regulations may apply to releases and dispo-
sal of this material, as well as those materials and items em-
ployed in the cleanup of releases. You will need to determine
which regulations are applicable.
Sections 13 and 15 of this SDS provide information regarding
certain local or national requirements.

SECTION 7. HANDLING AND STORAGE

Technical measures . Use equipment rated for cylinder pressure. Use a backflow
preventative device in piping. Close valve after each use and
when empty.

Local/Total ventilation . Use only with adequate ventilation.

Advice on safe handling : Avoid breathing gas.

Handle in accordance with good industrial hygiene and safety
practice, based on the results of the workplace exposure as-
sessment

Wear cold insulating gloves/ face shield/ eye protection.
Valve protection caps and valve outlet threaded plugs must
remain in place unless container is secured with valve outlet
piped to use point.

Prevent backflow into the gas tank.

Use a check valve or trap in the discharge line to prevent ha-
zardous back flow into the cylinder.

Use a pressure reducing regulator when connecting cylinder
to lower pressure (<3000 psig) piping or systems.

Close valve after each use and when empty. Do NOT change
or force fit connections.

Prevent the intrusion of water into the gas tank.

Never attempt to lift cylinder by its cap.

Do not drag, slide or roll cylinders.

Use a suitable hand truck for cylinder movement.

Keep away from heat and sources of ignition.

Take precautionary measures against static discharges.
Take care to prevent spills, waste and minimize release to the
environment.

Conditions for safe storage . Cylinders should be stored upright and firmly secured to pre-
vent falling or being knocked over.
Separate full containers from empty containers.
Do not store near combustible materials.
Avoid area where salt or other corrosive materials are present.

4/17




SAFETY DATA SHEET

according to the Hazardous Products Regulations

Opteon™ XP10 (R-513A) Refrigerant

Version Revision Date: SDS Number: Date of last issue: 04/06/2023
6.14 09/25/2023 1336485-00048 Date of first issue: 02/27/2017

Keep in properly labeled containers.

Keep in a cool, well-ventilated place.

Keep away from direct sunlight.

Store in accordance with the particular national regulations.

Materials to avoid : Do not store with the following product types:
Self-reactive substances and mixtures
Organic peroxides
Oxidizing agents
Flammable liquids
Flammable solids
Pyrophoric liquids
Pyrophoric solids
Self-heating substances and mixtures
Substances and mixtures which in contact with water emit
flammable gases
Explosives
Very acutely toxic substances and mixtures
Acutely toxic substances and mixtures
Substances and mixtures with chronic toxicity

Recommended storage tem- : <52°C

perature

Storage period : >10y

Further information on stor-  : The product has an indefinite shelf life when stored properly.
age stability

SECTION 8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Ingredients with workplace control parameters
Contains no substances with occupational exposure limit values.

Engineering measures . Ensure adequate ventilation, especially in confined areas.
Minimize workplace exposure concentrations.

Personal protective equipment

Respiratory protection . If adequate local exhaust ventilation is not available or expo-
sure assessment demonstrates exposures outside the re-
commended guidelines, use respiratory protection.

Filter type : Organic gas and low boiling vapor type
Hand protection

Material . Low temperature resistant gloves

Remarks . Choose gloves to protect hands against chemicals depending
on the concentration specific to place of work. For special
applications, we recommend clarifying the resistance to che-
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Eye protection

Skin and body protection
Protective measures

Hygiene measures

micals of the aforementioned protective gloves with the glove
manufacturer. Wash hands before breaks and at the end of
workday. Breakthrough time is not determined for the pro-
duct. Change gloves often!

Wear the following personal protective equipment:
Chemical resistant goggles must be worn.
Face-shield

Skin should be washed after contact.
Wear cold insulating gloves/ face shield/ eye protection.

If exposure to chemical is likely during typical use, provide
eye flushing systems and safety showers close to the wor-
king place.

When using do not eat, drink or smoke.

Wash contaminated clothing before re-use.

Appearance

Color

Odor

Odor Threshold

pH

Melting point/freezing point
Initial boiling point and boiling
range

Flash point

Evaporation rate

Flammability (solid, gas)
Burning rate

Upper explosion limit / Upper
flammability limit

SECTION 9. PHYSICAL AND CHEMICAL PROPERTIES

Liquefied gas

colorless

slight, ether-like

No data available
No data available

No data available

-29.2 °C

Not applicable

> 1
(CCL4=1.0)

Will not burn
15 mm/s
Upper flammability limit

Method: ASTM E681
None.
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Lower explosion limit / Lower
flammability limit
Vapor pressure

Relative vapor density

Relative density

Solubility(ies)
Water solubility

Partition coefficient: n-
octanol/water

Autoignition temperature
Decomposition temperature

Viscosity
Viscosity, kinematic

Explosive properties

Oxidizing properties

Particle size

Lower flammability limit
Method: ASTM E681
None.

7,063.6 hPa (25 °C)

3.83
(Air = 1.0)

1.17 (25 °C)

No data available

Not applicable

No data available

No data available

Not applicable

Not explosive

The substance or mixture is not classified as oxidizing.

Not applicable

SECTION 10. STABILITY AND REACTIVITY

Reactivity

Chemical stability

Possibility of hazardous reac-

tions

Conditions to avoid

Not classified as a reactivity hazard.

Stable if used as directed. Follow precautionary advice and
avoid incompatible materials and conditions.

Can react with strong oxidizing agents.

This substance is not flammable in air at temperatures up to
100 °C (212 °F) at atmospheric pressure. However, mixtures
of this substance with high concentrations of air at elevated
pressure and/or temperature can become combustible in the
presence of an ignition source. This substance can also be-
come combustible in an oxygen enriched environment (oxy-
gen concentrations greater than that in air). Whether a mixture
containing this substance and air, or this substance in an oxy-
gen enriched atmosphere become combustible depends on
the inter-relationship of 1) the temperature 2) the pressure,
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and 3) the proportion of oxygen in the mixture. In general, this
substance should not be allowed to exist with air above at-
mospheric pressure or at high temperatures; or in an oxygen
enriched environment. For example this substance should
NOT be mixed with air under pressure for leak testing or other
purposes.

Heat, flames and sparks.

Incompatible materials : Avoid impurities (e.g. rust, dust, ash), risk of decomposition.
Incompatible with acids and bases.
Incompatible with oxidizing agents.
Oxygen
Peroxides
peroxide compounds
Powdered metals

Hazardous decomposition . No hazardous decomposition products are known.
products

SECTION 11. TOXICOLOGICAL INFORMATION

Information on likely routes of exposure

Inhalation
Skin contact
Eye contact

Acute toxicity
Not classified based on available information.

Components:

2,3,3,3-Tetrafluoropropene:

Acute inhalation toxicity :  LC50 (Rat): > 405800 ppm
Exposure time: 4 h
Test atmosphere: gas
Method: OECD Test Guideline 403

No observed adverse effect concentration (Dog): 120000 ppm
Test atmosphere: gas
Remarks: Cardiac sensitization

Lowest observed adverse effect concentration (Dog): >
120000 ppm

Test atmosphere: gas

Remarks: Cardiac sensitization

Cardiac sensitisation threshold limit (Dog): > 559,509 mg/m?
Test atmosphere: gas
Remarks: Cardiac sensitization

1,1,1,2-Tetrafluoroethane:

Acute oral toxicity :  Assessment: The substance or mixture has no acute oral tox-
icity
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Acute inhalation toxicity :  LC50 (Rat): > 567000 ppm

Exposure time: 4 h
Test atmosphere: gas
Method: OECD Test Guideline 403

No observed adverse effect concentration (Dog): 40000 ppm
Test atmosphere: gas
Remarks: Cardiac sensitization

Lowest observed adverse effect concentration (Dog): 80000

ppm
Test atmosphere: gas
Symptoms: May cause cardiac arrhythmia.

Cardiac sensitisation threshold limit (Dog): 334,000 mg/m?
Test atmosphere: gas
Symptoms: May cause cardiac arrhythmia.

Acute dermal toxicity :  Assessment: The substance or mixture has no acute dermal
toxicity

Skin corrosion/irritation
Not classified based on available information.

Components:

2,3,3,3-Tetrafluoropropene:
Result . No skin irritation

1,1,1,2-Tetrafluoroethane:
Result : No skin irritation

Serious eye damage/eye irritation
Not classified based on available information.

Components:

2,3,3,3-Tetrafluoropropene:
Result : No eye irritation

1,1,1,2-Tetrafluoroethane:
Result : No eye irritation

Respiratory or skin sensitization
Skin sensitization
Not classified based on available information.

Respiratory sensitization
Not classified based on available information.

9/17




SAFETY DATA SHEET

according to the Hazardous Products Regulations

Opteon™ XP10 (R-513A) Refrigerant

Version Revision Date: SDS Number: Date of last issue: 04/06/2023
6.14 09/25/2023 1336485-00048 Date of first issue: 02/27/2017

Components:

2,3,3,3-Tetrafluoropropene:

Routes of exposure : Skin contact
Result . negative

1,1,1,2-Tetrafluoroethane:

Routes of exposure . Skin contact
Result . negative
Routes of exposure : Inhalation
Species : Rat

Result . negative
Routes of exposure : Inhalation
Species . Humans
Result . negative

Germ cell mutagenicity
Not classified based on available information.

Components:

2,3,3,3-Tetrafluoropropene:

Genotoxicity in vitro . Test Type: Bacterial reverse mutation assay (AMES)
Method: OECD Test Guideline 471
Result: positive

Test Type: Chromosome aberration test in vitro
Method: OECD Test Guideline 473
Result: negative

Genotoxicity in vivo . Test Type: Mammalian erythrocyte micronucleus test (in vivo
cytogenetic assay)
Species: Mouse
Application Route: inhalation (gas)
Method: OECD Test Guideline 474
Result: negative

Test Type: In vivo mammalian alkaline comet assay
Species: Rat

Application Route: inhalation (gas)

Method: OECD Test Guideline 489

Result: negative

Test Type: Mammalian erythrocyte micronucleus test (in vivo
cytogenetic assay)

Species: Rat

Application Route: inhalation (gas)

Method: OECD Test Guideline 474

Result: negative

Germ cell mutagenicity - . Weight of evidence does not support classification as a germ
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Assessment cell mutagen.

1,1,1,2-Tetrafluoroethane:
Genotoxicity in vitro . Test Type: Bacterial reverse mutation assay (AMES)

Method: OECD Test Guideline 471
Result: negative

Test Type: Chromosome aberration test in vitro
Method: OECD Test Guideline 473
Result: negative

Genotoxicity in vivo . Test Type: Mammalian erythrocyte micronucleus test (in vivo
cytogenetic assay)
Species: Mouse
Application Route: inhalation (gas)
Method: OECD Test Guideline 474
Result: negative

Test Type: Unscheduled DNA synthesis (UDS) test with
mammalian liver cells in vivo

Species: Rat

Application Route: inhalation (gas)

Method: OECD Test Guideline 486

Result: negative

Germ cell mutagenicity - : Weight of evidence does not support classification as a germ
Assessment cell mutagen.

Carcinogenicity
Not classified based on available information.

Components:

2,3,3,3-Tetrafluoropropene:

Result :  negative
Carcinogenicity - Assess- : Weight of evidence does not support classification as a car-
ment cinogen

1,1,1,2-Tetrafluoroethane:

Species : Rat

Application Route : inhalation (gas)

Exposure time . 2Years

Method :  OECD Test Guideline 453

Result :  negative

Carcinogenicity - Assess- . Weight of evidence does not support classification as a car-
ment cinogen

Reproductive toxicity
Not classified based on available information.
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Components:

2,3,3,3-Tetrafluoropropene:
Effects on fertility

Effects on fetal development

Reproductive toxicity - As-
sessment

1,1,1,2-Tetrafluoroethane:
Effects on fertility

Effects on fetal development

Reproductive toxicity - As-
sessment

STOT-single exposure

Test Type: Two-generation reproduction toxicity study
Species: Rat

Application Route: inhalation (gas)

Method: OECD Test Guideline 416

Result: negative

Test Type: Prenatal development toxicity study (teratogenicity)
Species: Rat

Application Route: inhalation (gas)

Method: OECD Test Guideline 414

Result: negative

Weight of evidence does not support classification for repro-
ductive toxicity, No effects on or via lactation

Species: Mouse
Application Route: Inhalation
Result: negative

Test Type: Combined repeated dose toxicity study with the
reproduction/developmental toxicity screening test
Species: Rabbit

Application Route: inhalation (gas)

Method: OECD Test Guideline 414

Result: negative

Weight of evidence does not support classification for repro-
ductive toxicity

May displace oxygen and cause rapid suffocation.

Components:

2,3,3,3-Tetrafluoropropene:

Routes of exposure
Assessment

1,1,1,2-Tetrafluoroethane:

Routes of exposure
Assessment

STOT-repeated exposure

inhalation (gas)
No significant health effects observed in animals at concentra-
tions of 20000 ppmV/4h or less

inhalation (gas)
No significant health effects observed in animals at concentra-
tions of 20000 ppmV/4h or less

Not classified based on available information.
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Components:

2,3,3,3-Tetrafluoropropene:

Routes of exposure
Assessment

1,1,1,2-Tetrafluoroethane:

Routes of exposure
Assessment

Repeated dose toxicity

Components:

2,3,3,3-Tetrafluoropropene:

Species

NOAEL

LOAEL
Application Route
Exposure time
Method

1,1,1,2-Tetrafluoroethane:
Species

NOAEL

LOAEL

Application Route
Exposure time

Method

Aspiration toxicity

inhalation (gas)
No significant health effects observed in animals at concentra-
tions of 250 ppmV/6h/d or less.

inhalation (gas)
No significant health effects observed in animals at concentra-
tions of 250 ppmV/6h/d or less.

Rat, male and female
50000 ppm

>50000 ppm

inhalation (gas)

13 Weeks

OECD Test Guideline 413

Rat, male and female
50000 ppm

>50000 ppm

inhalation (gas)

2y

OECD Test Guideline 453

Not classified based on available information.

Components:

2,3,3,3-Tetrafluoropropene:
No aspiration toxicity classification

1,1,1,2-Tetrafluoroethane:
No aspiration toxicity classification

SECTION 12. ECOLOGICAL INFORMATION

Ecotoxicity

Components:

2,3,3,3-Tetrafluoropropene:
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Toxicity to fish LC50 (Cyprinus carpio (Carp)): > 197 mg/l

Toxicity to daphnia and other
aquatic invertebrates

Toxicity to algae/aquatic
plants

1,1,1,2-Tetrafluoroethane:
Toxicity to fish

Toxicity to daphnia and other
aquatic invertebrates

Toxicity to algae/aquatic
plants

Persistence and degradability

Components:

2,3,3,3-Tetrafluoropropene:
Biodegradability

1,1,1,2-Tetrafluoroethane:
Biodegradability

Bioaccumulative potential

Components:
2,3,3,3-Tetrafluoropropene:

Bioaccumulation

Partition coefficient: n-
octanol/water

Exposure time: 96 h
Method: OECD Test Guideline 203

EC50 (Daphnia magna (Water flea)): > 100 mg/!
Exposure time: 48 h
Method: OECD Test Guideline 202

EC50 (Selenastrum capricornutum (green algae)): > 100 mg/I
Exposure time: 72 h
Method: OECD Test Guideline 201

NOEC (Selenastrum capricornutum (green algae)): > 75 mg/!
Exposure time: 3 d
Method: OECD Test Guideline 201

LC50 (Oncorhynchus mykiss (rainbow trout)): 450 mg/l
Exposure time: 96 h
Method: Regulation (EC) No. 440/2008, Annex, C.1

EC50 (Daphnia magna (Water flea)): 980 mg/I
Exposure time: 48 h

Method: Regulation (EC) No. 440/2008, Annex, C.2
ErC50 (green algae): > 100 mg/I

Exposure time: 96 h
Remarks: Based on data from similar materials

Result: Not readily biodegradable.
Method: OECD Test Guideline 301F

Result: Not readily biodegradable.
Method: OECD Test Guideline 301D

Remarks: Bioaccumulation is unlikely.

log Pow: 2 (25 °C)
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1,1,1,2-Tetrafluoroethane:

Bioaccumulation

Partition coefficient: n-
octanol/water

Mobility in soil
No data available

Other adverse effects
No data available

Remarks: Bioaccumulation is unlikely.

log Pow: 1.06

Disposal methods
Waste from residues

Contaminated packaging

SECTION 13. DISPOSAL CONSIDERATIONS

Dispose of in accordance with local regulations.

Empty containers should be taken to an approved waste
handling site for recycling or disposal.

Empty pressure vessels should be returned to the supplier.
If not otherwise specified: Dispose of as unused product.

International Regulations

UNRTDG
UN number
Proper shipping name

Class

Packing group

Labels

Environmentally hazardous

IATA-DGR
UN/ID No.
Proper shipping name

Class

Packing group

Labels

Packing instruction (cargo
aircraft)

Packing instruction (passen-

ger aircraft)

IMDG-Code
UN number
Proper shipping name

Class

SECTION 14. TRANSPORT INFORMATION

UN 1078

REFRIGERANT GAS, N.O.S.
(2,3,3,3-Tetrafluoropropene, 1,1,1,2-Tetrafluoroethane)
2.2

Not assigned by regulation

2.2

no

UN 1078

Refrigerant gas, n.o.s.

(2,3,3,3-Tetrafluoropropene, 1,1,1,2-Tetrafluoroethane)
2.2

Not assigned by regulation

Non-flammable, non-toxic Gas

200

200

UN 1078

REFRIGERANT GAS, N.O.S.
(2,3,3,3-Tetrafluoropropene, 1,1,1,2-Tetrafluoroethane)
2.2
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Packing group : Not assigned by regulation
Labels . 2.2
EmS Code . F-C,S-V
Marine pollutant : no

Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC Code
Not applicable for product as supplied.

Domestic regulation

TDG

UN number : UN 1078

Proper shipping name . REFRIGERANT GAS, N.O.S.
(2,3,3,3-Tetrafluoropropene, 1,1,1,2-Tetrafluoroethane)

Class : 2.2

Packing group : Not assigned by regulation

Labels . 2.2

ERG Code ;126

Marine pollutant © no

Special precautions for user

The transport classification(s) provided herein are for informational purposes only, and solely
based upon the properties of the unpackaged material as it is described within this Safety Data
Sheet. Transportation classifications may vary by mode of transportation, package sizes, and
variations in regional or country regulations.

SECTION 15. REGULATORY INFORMATION

International Regulations
Montreal Protocol : 1,1,1,2-Tetrafluoroethane

SECTION 16. OTHER INFORMATION

Opteon™ and any associated logos are trademarks or copyrights of The Chemours Company FC,
LLC.

Chemours™ and the Chemours Logo are trademarks of The Chemours Company.

Before use read Chemours safety information.

For further information contact the local Chemours office or nominated distributors.

Full text of other abbreviations

AlIC - Australian Inventory of Industrial Chemicals; ANTT - National Agency for Transport by
Land of Brazil; ASTM - American Society for the Testing of Materials; bw - Body weight; CMR -
Carcinogen, Mutagen or Reproductive Toxicant; DIN - Standard of the German Institute for
Standardisation; DSL - Domestic Substances List (Canada); ECx - Concentration associated with
x% response; ELx - Loading rate associated with x% response; EmS - Emergency Schedule;
ENCS - Existing and New Chemical Substances (Japan); ErCx - Concentration associated with
x% growth rate response; ERG - Emergency Response Guide; GHS - Globally Harmonized Sys-
tem; GLP - Good Laboratory Practice; IARC - International Agency for Research on Cancer; IATA
- International Air Transport Association; IBC - International Code for the Construction and
Equipment of Ships carrying Dangerous Chemicals in Bulk; IC50 - Half maximal inhibitory con-
centration; ICAO - International Civil Aviation Organization; IECSC - Inventory of Existing Chemi-
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cal Substances in China; IMDG - International Maritime Dangerous Goods; IMO - International
Maritime Organization; ISHL - Industrial Safety and Health Law (Japan); ISO - International Or-
ganisation for Standardization; KECI - Korea Existing Chemicals Inventory; LC50 - Lethal Con-
centration to 50 % of a test population; LD50 - Lethal Dose to 50% of a test population (Median
Lethal Dose); MARPOL - International Convention for the Prevention of Pollution from Ships;
n.o.s. - Not Otherwise Specified; Nch - Chilean Norm; NO(A)EC - No Observed (Adverse) Effect
Concentration; NO(A)EL - No Observed (Adverse) Effect Level; NOELR - No Observable Effect
Loading Rate; NOM - Official Mexican Norm; NTP - National Toxicology Program; NZIoC - New
Zealand Inventory of Chemicals; OECD - Organization for Economic Co-operation and Develop-
ment; OPPTS - Office of Chemical Safety and Pollution Prevention; PBT - Persistent, Bioaccumu-
lative and Toxic substance; PICCS - Philippines Inventory of Chemicals and Chemical Substanc-
es; (Q)SAR - (Quantitative) Structure Activity Relationship; REACH - Regulation (EC) No
1907/2006 of the European Parliament and of the Council concerning the Registration, Evaluation,
Authorisation and Restriction of Chemicals; SADT - Self-Accelerating Decomposition Tempera-
ture; SDS - Safety Data Sheet; TCSI - Taiwan Chemical Substance Inventory; TDG - Transporta-
tion of Dangerous Goods; TECI - Thailand Existing Chemicals Inventory; TSCA - Toxic Sub-
stances Control Act (United States); UN - United Nations; UNRTDG - United Nations Recom-
mendations on the Transport of Dangerous Goods; vPvB - Very Persistent and Very Bioaccumu-
lative; WHMIS - Workplace Hazardous Materials Information System

Sources of key dataused to  : Internal technical data, data from raw material SDSs, OECD
compile the Material Safety eChem Portal search results and European Chemicals Agen-
Data Sheet cy, http://echa.europa.eu/

Revision Date : 09/25/2023

Date format ;. mm/dd/yyyy

The information provided in this Safety Data Sheet is correct to the best of our knowledge, infor-
mation and belief at the date of its publication. The information is designed only as a guidance for
safe handling, use, processing, storage, transportation, disposal and release and shall not be
considered a warranty or quality specification of any type. The information provided relates only
to the specific material identified at the top of this SDS and may not be valid when the SDS mate-
rial is used in combination with any other materials or in any process, unless specified in the text.
Material users should review the information and recommendations in the specific context of their
intended manner of handling, use, processing and storage, including an assessment of the app-
ropriateness of the SDS material in the user’s end product, if applicable.
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