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UL 95404 Report Report lssued: 2024-02-22
Cell Level Report Revised:

Solutions
CELL TEST REPORT
UL 95404
Test Method for Evaluating Thermal Runaway Fire Propagation
in Battery Energy Storage Systems (AACD)

Project Number. .......ccoccuusmmmnnscn 47099276

Diate Of ISSLE cwceemesr s sl 2024-02-22

Total number of PAges wuusmnnm kT

UL Report Office ..ccomsms s UL{Changzhou) Quality Technical Service Co,, LTD

Applicant's NAME......commm e EVE POWER Co., Ltd.

Address ... ——————_— Me. B8, Jingnan Avenue, Jingmean Hi-tech Zone
Jingmen, Hubei Sheng 448000 China

Test specification: 4+ Fdition, Section 7, November 12, 2015

Standard ...cmasssmessnmas . UL 95404, Test Method for Evaluating Thermal Runaway Fire
Propagation in Battery Energy Storage Systems

Test procedUre. s TA T2 T7T31, 74,75 761, 7.7

Mon-standard test method .. A

Copyright @ 2024 UL LLC All Rights Reserved.

General disclaimern:

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

UL LLC did not select the sample(s), determine whether the sample{s) was representative of production
samples, witness the production of the test sample(z), 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 fo UL on the product or system.
UL LLC 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, advertizing, promotion or marketing relating to the data in
this Report, without UL's prior written permission.

UL LLC, itz employees, and its agents shall not be responsgible 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, arsing out of or in connection with the use of, or inability to use, the information contained in this Report.
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Rev. 5 Form Revised :2021-05-04
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| Cell level information

Model No.....cowmmmsms s’ MB31
Ratings {(Vdc, Ah)ucmesss s 3.2%dc, 3144h
Chemistry of test tem.....ccoeinceeat LiFePOs
Original Equipment Manufacturer (OEM): EVE POWER Co., Ltd.
Branding Manufacturer (if not OEM): A

Was the cell certified? .....ccvuvmmnmmsanemnad Yes

Standard test item certified 0 ..cveneee con UL 15973
Organization that certified test item ... UL, MHE3503
Average cell surface temperature at gas 154

venting, *C:

Average surface temperature at thermal 225

runaway, “C:

Gas Volume: L 192.5

Lower flammability limit (LFL), % volume in airat | 7-72

the ambient temperature

Lower flammability limit (LFL), % volume in airat | 714

the venting temperature

Burning velocity (S.) cmis: 75.80
Maximum pressure (Pmas) psig: 85.40

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.

[ Mail Penetration

O Owercharge

[ External short circuit (X 0 exfernal resistances)

[0 Flow Batiery with 2 active electrolyte methods

[0 Flow Battery with 1 active electrolyte methods
[] Cthers

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

Dezcription of test methods used for flow battery testing: 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

[] The cell vent gas did not present a flammahility hazard when mixed with any volume of air, as
determined in accordance with ASTM ES18 at both ambient and vent temperatures.

| Necessity for a module level test

[X] The performance critena of the cell level test as indicated in 7.7 of UL 95404 4th edition has not been met,
therefore a module level testing in accordance with UL 95404 will need to be conducted on a complete module
employing this cell.

[ ] The performance crtenia of the cell level tests as indicated in 7.7 of UL 95404 4th edition has been met,
therefore a module level testing in accordance with UL 95404 need not be conducted.

Testing Laboratory information

Testing Laboratory and testing location(s):

Testing Laboratony: ULiChangzhow) Quality Technical Senvice Co., LTD
Testing location’ address ... § 21 Longmen Rd, Mational High-Tech Industrial
Cevebopment District, Wujin, Changzhou, Jiangsu,
China
Tested by (name, Signature)....coom—e—— Yangyang Zhu, Wei Zhang
Witnessed by (for 3™ Party Lab Test Location) A MA
{Hame, SigNature) ..o -
Project Handler {name, signature) ..o Jerome Mo .;=~|“- ane Mo
Reviewsr (Name, Signatire) ... ot Benjamin Liu -
Few Jn-.-«m 3-1 W

UL 95404, Edition 4
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Lizt of Attachments (including a total number of pages in each attachment):

Attachment A: Cell Conditicning (Chargefdischarge) Profiles - (Pages 19 through 21)

Attachment B: Cell Instrumentation Photos - (Page 22)

Attachment C: Cell Temperature Profiles during testing - (Pages 23 through 25)

Attachment D: Cell Testing Photos - (Pages 26 through 35)

Attachment E- Cell vent gas test chamber photo and profile of chamber gas analysis (02 and Pressure) —
(Page 36)

Attachment F. Cell Gas Analysis Report - (Page 37)

UL 95404, Edition 4
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Photo of celllStack:

Test kem Charge/Dizscharge Specifications:

+ Charge power, W: 2.4

+  Standard full charge voltage, Vdc: 365

+ Charge temperature range, “C: 060

+ End of charge voltage, V. 265

* Discharge power, W: coo 4

+ End of dizcharge voltage, Vdc: T=0°C 25
T=0°C, 2.0

* Discharge temperature range, “C: _a0-£0

UL 95404, Edition 4
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UL 95404, Edition 4,
Clause Requirement + Teat Rezult - Remark Verdict

Test item particulars:

Possible test case verdicts:

- test case does not apply to the test object vt A
!-'test object does meet the requirement ... ..o P {Pass)
- test object does not meet the requirement ...........: F (Fail}
- test object was completed per the requirement.... CiComplete)
- test object was completed with modification....... M{Modification)
Diate of receipt of test iHem c e 2231205
Diate (g) of performance of 18815 . memms e 2023-12-08 to 20231217

General remarks:

" See Enclosure #)" refers to additional information appended to the report.
"ISee 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 mere | (€ Yes

than one factory location and a declaration from the [] Mot applicable
Manufacturer atafing that the sample(s) submitted for

evaluation is (are) reprﬁentawe of the products from

each factory has been provided ... : 2

Mame and address of factory (ies): Factory 1:

EVE POWER Co., Lid.

| No. B8 Jingnan Avenue, High-Tech Zone, Ducdao
Diatrict, Jingmen City, Hubei Provinee, China

| Factory 2:
Jiangsu EVE Linyang Enenrgy Storage Technology
Co., Lid.

Mo 608, Huashi Road, Qidong Economic Development
Zone, Nantong, Jiangsu Province, China

General product information and other remarks:

The tested cell is a Lithiunn-ion battery cell, Model MB31. The cell has a capacity of 314 Ah and nominal
voltage of 3.2 Vdc.

The overall dimensicns of cell are 207 2+ Tmm by 173.721mm by 717+ 1mm.

The weight of cell is 5600+300g.

UL 95404, Edition 4
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UL 95404, Edition 4,

Clause Requirement + Test Result - Remark Verdict
50 CONSTRUCTION Verdict
51.5.4 Cell'stack Construction —
51.1,54.1 | Generic Chemisiny: LiFeP{a —_
[ Blectrolyte Chemistry: LiPfs, EC/EMC —
Flow Battery Electrolyte No. 1 Chemistry: MAA —
Max volume of system elecirolyte No. 1, Lo A, —
Flow Battery Electrolyte Mo, 2 Chemistry: M —
Max volume of system electrolyte No. 2, L: /A —
Separator Melt Temperature, “C: 128~139 —
Fomat: Prismatic —
Cylindrical /Prismatic /fPouch
Flow Battery Stack
Owerall Dimensions. mm 207.2+1 by 173721 by 71.7£1 =
Cell Weight, g 5600+300 —_
512 Cell Cerfification: —_
Standard Used for Cell Certification: UL 1573 —_
Organization that Certified Cell: UL, MHG3503 —
511, 541 | CelfStack Ratings: —
* Mominal Voltage, Ydc 3.2 Vde ==
* Mominal Capacity, Ah 314 Ah
541 Flow Battery: Mo. of Cells per Stack: A —_
Flerw battery system manufacturer: MUA —
Flow battery system mode: MiA —
Flow batteny system ratings, Vde, Ahc MiA, —
542 Flerw batteny system ceriified to UL 1973: A, —
Organization that cerified flow battery system: A, —
6.0 PERFORMANCE Verdict
6.1 General C
T.2 Samples c
721 Sampies conditioned through charge discharge cycling | See Attachment A for profiles C
a minimum of 2 cycles. See Table 1 for specifications

UL 95404, Edition 4
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UL 95404, Edition 4,
Clause Requirement + Test Result - Remark Verdict
T22 100% SOC and stabilize from 1h to 8 h before testing | See Table 2
723 Pouch Cells constrained per end use during testing. A
T3 Determination of thermal runaway methodology
T34 zeneral
71311 Ambient indoor lzboratory conditions: See Table 3 C
2545°C (T 10°%F)
=50 £25% RH at the iniiation of the test.
T312 Heat the cell to thermal runaway by extemally applied | See Attachment B C
fiexible film heaters
Heater Dimension 152.4 mm by 203.2 mm, two
pieces provided, attached on the
two largest surfaces of the cell
A surface heatfing rate of 4° C (7.2° F) to 7° C {12.6° F) | See Attachment C and D C
per minute was applied to the cell. See Table 4
Maxirmum surface end point temperature, *C Mot used, the cells are heated
until the themmal runaway
achieved.
The following method{s) was emiployed o cause Only external heating in the form A
thermal runaway: of using flexikde thin film heaters
[J Mechanical {e.g., nail penstration) to cause thermal runaway
[] Electrical stress in the form of overcharging,
[] Electrical stress in the form of over discharging
[ Blectrical stress in the form of extemnal short-
circuiting
[0 Use of alternate heating sources (e.g. oven).
O ciher (explain)
71313 Detail of test method when using ancther cell abuse MEA
method to initiate thermal runaway
7314 Monobloc batteries such as a lead acdd batteny A
T315 Estimated surface temperature at which internal short ey
circuiting within the cell will occur that could lead to a
thermal runaway condition.
T316 The cell was heated until thermal runaway has Refer to Attachment C C
occumsd.
Another external heating method was used to cause A
cell thermal runaway
T3AT The cell's exterior surface temperature was measured | See Attachment B C

UL 95404, Edition 4
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UL 95404, Edition 4,

Clauss Requirement + Test Result - Remark Verdict

318 The temperature at which the cell case vents due to See Table 4 C
intemal pressure rise was documented. Ses Attachment C and O

7319 The temperature at the onset of themal runaway was | See Table 4 C
documentsd. See Aftachment C and D

If cell venting occurs first, the cell was heated | See Attachment C C
confinuously untl thermal runaway ocours.

73110 When using methods other than the heater method, A
the stresses were applied to the cell until thermal

ninawsay OCCurs.

73111 2 additional samples were tested using the same SeeTable 3, 4and 5 c
method and exhibited thermal runaway See Attachment C, D

T.3.2 Flow battery thermal runaway determination tests R

7321 The test methods of 7.3.2.2 through 7.3.2.6 were used A,
for the flow battery technology .

73223 The flammability of the electrolytes was determined A&

For liquids with anticipated higher flashpoints and MiA,
visooaities at or below 9.5 = 10-6 m2fs (9.5 c5t) at
25°C {TT°F):

« ASTM D3828 or

= ASTM D93
was used.

The flash point temperature was recorded for each =
elecirolyte tested.

7323 For flow battery systems with two electrolyies, each A
electrolyte was subjected to the appropriate test
method ouflined in 7.3.22.

The test of 7.3.2.4 was conducted if a flash point had A
been observedin 7.32.2

7324 The energy reservoir in a test flow battery assembly MiA,
was charged to 100% S0C, and then the two
electnolyte materials were mixed in a closed container
within approximately 1 min. The mixed solution
temperature was measured during the test.

A test battery representative of the flow battery system MA
was subjected to an overcharge test and short circuit
teat in accordance with UL 1973, the temperature of
the energy reservoirs during the testing weres recorded.

UL 95404, Edition 4
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Clause Requirement + Test Result - Remark Verdict
7325 For flow battery technoiogies with one active P&
electrolyte containing solid metal particles, the
appropriate test method of 7.3.2.2 was conducted fo
determine the flash point temperature
If a flash point had been observed in 7.3.2.2, the A
propensity for themal runaway was demonstrated by
the test methods of 7.2.26
7326 If a flash point had been observed, a test battery A
representative of the flow battery system was
subjected to an overcharge test and short circuit test in
accordance with UL 1573, and the maximum
temperature of the energy resenvoir during testing was
recorded.
T4 Cell vent gas composgition test
T4 Cell vent gas was generated and captured by forcing a | Size of pressure vessel used:
cell into thermal runaway with the methodology 100 L
developed in 7.3, inside a pressure vessel
Refer to Attachment E
The test WS initiated with an inifial condition of Refer to Attachment E c
atmespheric pressure and less than 1% oxygen by Atmospheric pressure (psig):
volume. =
0.09
Cioygen concentration measurad
% wolume ):
D20
Inert gas used: Nitrogen
T42 Cell vent gas composition was determined using Gas  |Refer to Table 8 L=
Chromatography (GC) Refer to Attachment F
Hydrogen gas was measured Refer to Table 8 C
The inifial atmeosphenic conditions prior to testing were C
noted.
743 The lower flammiability limit of the cell vent gas was Refer to Table 9 to 10 C
determined on samples of the synthetically replicated
gas mixture in accordance with ASTM ES18, tesiing at
both amibient and cell vent temperatures.
744 The gas buming velocity of the synthetically replicated |Refer to Table 9 to 10 c
cell vent gas was determined in accordance with the
Method of Test for Buming “Velocity Meazurement of
Flammable Gaszes Annex in 50 817.

UL 95404, Edition 4

11
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Clause

Requirement + Test

Result - Remark

Wendict

745

Prmay of the synthetically replicated cell vent gas was
determined in accordance with EN 15967

Refer to Table S to 10

7.5

Off gas composition for flow battery systems

A

751

The off gas compasition from the flow battery testing of
7.3.2 was determined by conducting the test method of
T332
+ In a closed container and capturing the off
gasses generated, and
» By collecting the off gasses generated at vent
openings and vent ducts during the overcharge
and short circuit testing of 7.3.2.4 and 7.3.2.6.

MiA

Gas composiion and flammabélity limit were
determined through the methods outlined in 7.4.2 and
7.4.3 at both ambient temperature and the maximum
temperature measurad.

A

752

The volume of flarnmable gases measured during the
testing were scaled to the maximum energy resenvoir
for the intended flow battery system

MiA

16

Cell Level Test Report Information

761

Minimum information provided in the report for ilems a)
through mi)

762

Minimumn information of items a) through k) was
provided in the report for flow battery

MiA

.7

Performance — cell level test

771

a) Themal unaway cannot be induced in the cefl; and

Thermal umaway can be induced

| in the cell

b) The cell vent gas does not present a fammability
hazard when mixed with any volume of air, at both
ambient and vent temperatures.

Ag a result of gas analysis, the

| gas generated from the cell were

identified fiammabie

18

Performance — flow battery thermal runaway
determination tests

NIA

781

a) The electrolyte(s) subjectad to the test method in
accordance with 7.3.2_2 does not ignite; or

A

b} The fiash point temperature(s) measured in the test
of 7.3.2 2 exceed the maximum temperature
measured an the ensergy reservoir during the
overcharge and short circuit tests of 7324 or 7.3.26
by at least 5°C (%°F); and

NIA

UL 95404, Edition 4

12
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Clause Reguirement + Test Result - Remark Verdict
A

c¢) The flash point temperature{s) measured in the test
of 7.3.2.2 exceed the maximum temperature of the
mixed solution measured in accordance with 7.3.2.4
by at least 5°C (9°F) for systems with two actve
electrolytes.

UL 95404, Edition 4

13
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Attachment B: Cell Instumentation Photos - (Page 22)

Figure 6: Sample Instrumentation Prior to Test
Note: Heaters were placed on two sides of the cell after thermocouples were instrumented.
MNote: TCO1 under heater; TCO2 on the cell positive; TCO3 on the cell body not covered by heater

UL 95404, Edition 4

14
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