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Figure 3-2: Sensitive Receptors







 

ACEnergy Pty Ltd 

Document No. RCE-24023_AcenergyYanco_PHA_Final_5Feb25_Rev(2) 

Date 5/02/2025 

 

9 

 

Figure 3-3: Typical MVPS 

3.5.2 Battery Storage 

352 CATL BESS units will be located within the site compound, laydown and substation footprint 
area. The BESS converts electrical energy into chemical energy and stores the energy internally.  
It may also provide additional network support such as Frequency Control Ancillary Services 
(FCAS) assisting with transmission network grid stability. A typical BESS is shown in Figure 3-4. 
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Figure 3-4: Typical BESS Arrangement 

3.6 Quantities of Dangerous Goods Stored and Handled 

The classes and quantities of DGs to be approved in the project are summarised Table 3-1.   The 
quantities of DG class C1 provided in Table 3-1 is indicative and will need to be updated once 
disclosed. The number was adapted from another BESS project with a similar scale and does not 
accurately represent the Yanco BESS project. Additionally, the SEPP threshold of the individual 
classes has been provided for the purposes of the SEARs. 

As the site exceeds the discharge capacity threshold of 30 MW the site is subject to the SEPP-RH 
and a PHA is required.  

Table 3-1: Maximum Classes and Quantities of Dangerous Goods Stored 

Area Class Description Quantity  SEPP Threshold 

BESS 9 Lithium Batteries 12,672 T N/A 

MVPS Transformer C2 Transformer oils 3,259 L N/A 

Substation Transformer C2 Transformer oils 66,668 L* N/A 

Control room generator C1 Diesel 80,000 L N/A 

Discharge Capacity - - 250 MW 30 MW 

*Approximately 33,334 L per transformer.  
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Figure 3-5: Detailed Site Plan 
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In addition to this, manufacturers and integrators can implement different means of preventing 
battery ignition or controlling if it occurs (such as physical construction arrangements, battery 
monitoring, heat detection, etc). These are implemented on a system-by-system basis and are 
specific to the system needs. 

 

Figure 4-2: Temperature Rise of Lithium-Ion Battery Chemistries (Ref. [5]).  

The preliminary battery product proposed for the Yanco project is CATL EnerC+ 0.25P. The 
UL9540A report (Appendix B) for this product demonstrates that when thermal runaway is triggered 
in one cell in a BESS container, the heat generated would neither be transferred to all cells within 
one battery module, nor from the test module to adjacent ones. This is attributed to the nature of 
LFP technology as well as the sheer mass of the battery module (heavier objects have higher 
thermal capacity).  

The UL9540A report also supports the findings that the temperature rise caused on a nearby object 
by thermal runaway within one module is negligible. To be specific, Figure 4-3 shows the test setup 
where the rear wall is distanced 200 mm from the test battery racks. 
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Figure 4-3: Test Site Diagram with Separation Distance (Top View) 

The temperatures on the rear wall during the thermal runaway test are recorded by thermal couples 
across the wall surface facing the test battery racks. The recorded temperature rises are no more 
than 30 oC as shown in Figure 4-4. 

 

Figure 4-4: Temperature Measured on Rear Wall During the Test 
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There were also no external flames observed during the UL9540A test. All findings and 
observations combined mean the proposed LFP batteries would not cause fire due to thermal 
runaway. 

Although the LFP technology does not cause fire, there can be a few circumstances where battery 
modules catch fire due to leaking coolant or electric faults. In those cases, fire will be constrained 
by the metal enclosure. The BESS container wall has been tested to this scenario. The report 
(Appendix C) shows that the container wall remains intact after sustaining heating in a furnace to 
the temperatures intended for use.   

Furthermore, each container also has multiple built-in fire protection devices that work 
collaboratively, including smoke and thermal sensors, combustible gas detector, pressure relief 
system, and aerosol fire extinguishing system outlined in Figure 4-5, Figure 4-6 and (Appendix 
D). Therefore, a container will automatically suppress an internal fire in the first instance. The 
diagram below provided by CATL shows a typical arrangement for fire safety devices within a BESS 
container. 

 

Figure 4-5: Detection Systems 

 

Figure 4-6: Fire Suppression System Layout 
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Figure 4-7: CATL EnerC+ 0.25P BESS Layout Guide 
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Figure 4-9: BESS Dimensioned Layout 

4.6.2 Separation Review 

Multiple LFP battery products are assessed among limited options currently available in the 
Australian market, which meet the requirements of a utility application, containerized solution, and 
LFP chemistry at the same time. Their UL9540A unit-level test reports are assessed. A key 
takeaway message from the UL9540A test is the minimum required spacing between two battery 
units (racks) without propagating thermal runaway from one unit to another summarised in Table 
4-3. This is then used to guide the separation distance requirement between BESS containers 
summarised in Figure 4-9.  

Table 4-3: Minimum separation required between BESS Units 

No. Battery Manufacturer Minimum Required Spacing Between Battery Units 

1 Sungrow (Appendix M) 160mm 

2 CATL (Appendix N) 10 mm 

3 EVE POWER (Appendix O) 160 mm 

4 Ruipu Energy (Appendix P) 160 mm 

The CATL EnerC+ 0.25P requires a minimum separation of 0.2 m as outlined in (Appendix E). As 
can be seen in Figure 4-9, the spacing utilised between two CATL EnerC+ 0.25P  BESS units is 3 
m which is far greater than the required spacing between LFP battery units. Therefore, the 
minimum proposed battery container separation distance for Yanco BESS of 3 m, is considered 
appropriate based on a generic analysis. 

Based upon the designs incorporated with the container based upon the VBB fire, the available 
area assessment and the separation distance assessment, it is considered that the propagation 
between two units is unlikely; hence, this incident has not been carried forward for further analysis.  







 

ACEnergy Pty Ltd 

Document No. RCE-24023_AcenergyYanco_PHA_Final_5Feb25_Rev(2) 

Date 5/02/2025 

 

25 

switch rooms the fire would be considered to be relatively slow in growth and would be unlikely to 
result in substantial impacts in terms of offsite impact or incident propagation. Therefore, this 
incident has not been carried forward for further analysis.  

4.9 Transformer Internal Arcing, Oil Spill, Ignition and Bund Fire 

Transformers contain oil which is used to insulate the transformers during operation. If arcing 
occurs within the transformer (e.g. due to a low oil level), the high energy passing through the 
coolant vaporises the oil into light hydrocarbons (methane, ethane, acetylene, etc.) resulting in 
rapid pressurisation within the reservoir.  

Notwithstanding the protection systems, if the pressure rise exceeds the structural integrity of the 
reservoir, and the installed pressure relief devices, the reservoir can rupture allowing the release 
of oil into the bund. The rupture also allows oxygen to enter the reservoir. The temperature of the 
gases is above the auto ignition point, but this does not occur until oxygen is present. When oxygen 
enters the reservoir, the gases auto-ignite which generates sufficient heat to ignite the oil in the 
bund.  

Notwithstanding this, transformers are ubiquitous units with a low potential for failure and the 
separation distance to the site boundary and other adjacent units would be unlikely to result in 
incident propagation and offsite impacts. Therefore, this incident has not been carried forward for 
further analysis.  

4.10 Transformer Electrical Surge Protection Failure and Explosion 

Transformers generate large amounts of heat as a result of the high electrical currents that pass 
through them; hence, oil is used as an insulating material within the transformers to protect the 
mechanical components. However, if the transformer gets an extreme surge of energy, such as 
that which could occur due to a lightning strike, and the electrical surge protection measures fail, 
the mineral oil may start to decompose and vapourise, resulting in gas bubbles of hydrogen and 
methane (Ref. [7]) as temperatures above the autoignition of the gases.   

The formation of gases will increase the pressure within the transformer which can result in the 
transformer structure rupturing which allows the ingress of oxygen. As the oxygen enters, the 
concentration of flammable gases falls within the explosive limits which are above their autoignition 
temperatures which ignite resulting in increased formation of hot gaseous products resulting in an 
explosion.  The explosion may generate significant overpressure, sparks and fire and would result 
in a whole transformer fire, as discussed in Section 4.9. 

In order to protect against overheating and explosions, transformers generally have surge 
protection devices which shunt electrical surges safely to ground. However, this surge detection 
and protection devices are not universally installed, nor do they protect against all events such as 
in the case of a major lightning strike or significant oil deterioration, leakage of water into the 
transformer, and physical damage such as a fallen tree (Ref. [8]). Therefore, there is the potential 
for an explosion to occur which may result in offsite impacts; however, as previously noted, these 
units are ubiquitous and have a low potential for failure. Therefore, this incident has not been 
carried forward for further analysis.  
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UL9540 Test Report 



 
Prüfbericht - Produkte 
Test Report - Products 

Prüfbericht -Nr.: 
Test report no.: 

 

CN23J9GR 001 Auftrags-Nr.: 
Order no.: 

 

244501240       Seite 1 von 42 
Page 1 of 42 

Kunden-Referenz-Nr.: 
Client reference no.: 

 

2057436 Auftragsdatum: 
Order date: 

 

2023-03-06 

Auftraggeber: 
Client: 

 

Contemporary Amperex Technology Co., Limited. 
No. 2, Xingang Road, Zhangwan Town, Jiaocheng District,Ningde City, 352100 
Fujian, P.R. China 

Prüfgegenstand:  
Test item: 

 

Rechargeable Lithium-ion Battery System 

Bezeichnung / Typ-Nr.: 
Identification / Type no.: 

 

C02306P05L01 

Auftrags-Inhalt: 
Order content: 

 

cTÜVus mark approval 

Prüfgrundlage:  
Test specification: 

 

      

ANSI/CAN/UL 9540: 2020  

      

Wareneingangsdatum: 
Date of sample receipt: 

 

2023-05-05 

 

 

Prüfmuster -Nr.: 
Test sample no: 

 

Engineering sample 

Prüfzeitraum:  
Testing period: 

 

2023-06-05 to 2023-08-12 

Ort der Prüfung:  
Place of testing: 

 

See page 5 

Prüflaboratorium:  
Testing laboratory: 

 

TÜV Rheinland (Shanghai) 
Co., Ltd. 

Prüfergebnis*:  
Test result*: Pass 

geprüft von:  
tested by:Wilson Zhou 

 
 

genehmigt von: 
authorized by:Stone Wang  

 Datum: 
Date:    2023-11-18  

Ausstellungsdatum: 
Issue date:   2023-11-18 

Stellung / Position: Sachverständige(r)/Expert  Stellung / Position: Sachverständige(r)/Expert  

Sonstiges / 
Other: 

 

See the following pages for General product information and comment for details. 

Zustand des Prüfgegenstandes bei Anlieferung: 
Condition of the test item at delivery: 

Prüfmuster vollständig und unbeschädigt   
Test item complete and undamaged  

* Legende: P(ass) = entspricht o.g. Prüfgrundlage(n)  F(ail) = entspricht nicht o.g. Prüfgrundlage(n)  N/A = nicht anwendbar N/T = nicht getestet 

* Legend: P(ass) = passed a.m. test specification(s) F(ail) = failed a.m. test specification(s) N/A = not applicable N/T = not tested 

Dieser Prüfbericht bezieht sich nur auf das o.g. Prüfmuster und darf ohne Genehmigung der Prüfstelle nicht 
auszugsweise vervielfältigt werden. Dieser Bericht berechtigt nicht zur Verwendung eines Prüfzeichens.  

This test report only relates to the above mentioned test sample. Without permission of the test center this test report is not 
permitted to be duplicated in extracts. This test report does not entitle to carry any test mark. 

TUV Rheinland (Shanghai) Co., Ltd. No.177, 178, Lane 777 West Guangzhong Road, Jing'an District,Shanghai, China 
Mail: service-gc@tuv.com · Web: www.tuv.com  

V101023GCNSR 





 
 

  
 
 

 
Report No.: CN23LN0V 001 UL 9540 

 

 

 

General disclaimer: 

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 the Issuing Testing 
Laboratory. The authenticity of this Test Report and its contents can be verified by contacting the Laboratory 
responsible for this Test Report.  

Manufacturer: Contemporary Amperex Technology Co., 
Limited. 
No. 2, Xingang Road, Zhangwan Town, Jiaocheng 
District,Ningde City, 352100 Fujian, P.R. China 

Factory: Contemporary Amperex Technology Co., 
Limited. 
No. 2, Xingang Road, Zhangwan Town, Jiaocheng 
District,Ningde City, 352100 Fujian, P.R. China 

Purpose of This Report: Certificate 
 

Report History: 
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Tests performed (name of test and test clause): 
 
Following tests performed during evaluation: 
 

Clause(s) Test(s) 

27 Normal Operations Test 

28 Dielectric Voltage Withstand Test 

29 Impulse Test 

30 Equipment Grounding and Bonding 
test 

31 Insulation Resistance Test 

32 Electromagnetic Immunity Tests 

35.2 Hydrostatic strength test 

37.2 Outdoors installations subject to 
moisture exposure 

  
  

 

Testing location: 
 
Contemporary Amperex Technology Co., Limited. 
No. 2, Xingang Road, Zhangwan Town, Jiaocheng 
District,Ningde City, 352100 Fujian, P.R. China  
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Nameplate, Warning, and Label, etc.:  
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2 Table: Component Data 
P 

Item 
No. 

Object/part no. 
Manufacturer/ 

Trademark Type/Model Technical Data Standard 
Mark(s) of 
Conformity 

- - - - - - - 

       

       

See Attachment No. 1 CDF for component data. 
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13 TABLE: Electrical spacings and Separation of Circuits P 

Clearance (cl) and creepage 
distance (cr) at/of/between: 

U peak 
(V) 

U r.m.s. 
 (V) 

Required cl 
 (mm) 

cl 
 (mm) 

Required cr 
(mm) 

cr 
(mm) 

Battery +/- to metal 
enclosure 

(OVC 2 considered) 

1500 1500 5.5 15.7 15 45 

Auxiliary power L/N to metal 
enclosure 

(OVC 3 considered) 

480 277 3.0 8.3 5.0 8.3 

Supplementary information: 
The battery system certified by UL 1973.  

Approved components usded for the insulation between live circuit and Selv circuit. 

 
 

27A TABLEL: Normal Operation-Temperature P 

Table 
27B 

TABLE: Normal Operation-Voltage and Current P 

Rated 
Voltage 
(V) 

Rated 
Current (A) 

Rated 
Power (kw) 

Measured 
Voltage (V) 

Measured 
Current (A) 

Measured 
Power (kW) 

Comments 

1331.24 1530*2 2036.73 1447.9/1240.4 104.8 2036.73max charging 

1331.24 1530*2 2036.73 1404.6/1108.1 -181.2 2036.73max discharging 

 

Work condition Rated Battery System 
voltage 

Battery System 
current 

Remark 

Standard Charging and 
Discharging 

1331.2Vd.c. 181.2A max Constant power 

 
Thermocouple Locations Max. temperature measured 

corrected to max. ambient, 
(oC) 

Max. temperature limit, 
(oC) 

Top of cluster 1, 4# electrical box 
upper cover 

35.52 90 

Cluster 1, 4# electrical box at CSC 
center 

53.80 125 

High voltage wiring harness on the 
positive bus side 

91.25 125 

Positive bus bar 84.55 125 

Positive bus and insulator joint 66.39 135 

Insulating paper 69.76 140 

Sealing gasket for the outlet hole of 
the positive high voltage cable 

58.17 80 
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Air switch 59.31 70 

relay 62.27 75 

Terminal strip 57.15 105 

transformer 81.00 155 

AC-DC 62.40 70 

DC-DC 58.90 70 

PCB of IMM chip accessories (need 
to open the IMM shell and lay it on 
the corresponding position of the 
circuit board) 

57.64 130 

IMM optocoupler (need to open the 
IMM shell and lay it on the 
corresponding position of the circuit 
board) 

58.55 85 

Fire protection system - Control 
panel center 

55.23 65 

Isolation switch - ring temperature 
(Cluster 1 main control box) 

72.19 75 

Contactor/relay - Ring temperature 
(Cluster 1 main control box) 

73.87 85 

Hall Sensor - Ring temperature 
(Cluster 1 main control box) 

73.53 85 

Copper bus base body (Cluster 1 
main control box) 

64.54 100 

Fuse- Ring temperature (Cluster 1 
main control box) 

86.67 100 

Fan-ring temperature (Cluster 1 main 
control box) 

70.42 75 

Prefilled relay - Ring temperature 
(Cluster 1 main control box) 

69.08 85 

SBMU High Voltage Connector body 
(Cluster 1 main control box) 

64.90 125 

SBMU isolation chip body (in SBMU 
of Cluster 1 main control box) 71.89 

85 

Ambient 55 Ref. 

Supplementary information:  
The test was conducted at ambient temperature 55°C, Operation mode: Constant power 2036.73kw. The cooling 
system is continuous working during the test. 

 
 

28, 29 Table: Dielectric Strength and Impulse  P 

Test Location Dielectric Applied Voltage Impulse Voltage Pass / 
Fail 

Battery system HV (+) 
to PE (BI) 4414Vd.c. 6000 Pass 

Battery system HV (-) 
to PE (BI) 4414Vd.c. 6000 Pass 

Battery system HV (+) 
to Communication 
circuit (RI)  

4700Vd.c. 8000 Pass 

Battery system HV (-) 
to Communication 
circuit (RI) 

4700Vd.c. 8000 Pass 

AC input to PE (BI) 2120Vd.c. 2500 Pass 
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Appendix C 

UL9540A Unit Test Report 
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UL 9540A, Edition 4  
 

Description of components employed within the BESS unit  that serve to suppress propagation 
(fire protection features) 

N/A 

Deviation from the module level test 

N/A 

Number of initiating cell(s) 1 

Thermal Runaway Propagation: Initiating cell went into thermal 
runaway and propagated to at least 
two adjacent cells. 

External Flaming from BESS: No external flaming occurred 

Location(s) of Flame Venting: No flaming occurred 

Maximum Target BESS Temperature, °C 30.5 

Maximum Wall Surface Temperature1, °C 28.3 

Peak Chemical Heat Release Rate, kW No flaming occurred 

Peak Convective Heat Release Rate, kW No flaming occurred 

Maximum Smoke Heat Release Rate, m2/s 0.12 

Maximum Heat Flux on Target Modules, kW/m2 0.01 

Maximum Heat Flux of Egress Path, kW/m2 0 

Flying Debris: No flaming occurred 

Re-ignitions: No further re-ignitions were observed 
during post test observation 

Gas Analysis: 

 Flame ionization detection (FID) 

 Non-Dispersive Infrared Spectrometer (NDIR) 

 Fourier-Transform infrared Spectrometer 

 Hydrogen Sensor (palladium-nickel, thin-film solid state sensor) 

 White light source with photo detector (smoke release rate) 

Summary of Unit level test Gas Analysis Data: 

Unit level Gas Composition & Volume for Each Compound (Pre-flaming and After flame): 

Gas  Compound Gas Type Pre-Flaming (L) Flaming (L) Minimum detectable 
flow rate(LPM) 

Total Hydrocarbons 

(Propane Equivalent) 
Hydrocarbons 111.98 No flaming 4.13 

Carbon Monoxide Carbon Containing 59.54 No flaming 3.08 

Carbon Dioxide Carbon Containing 138.34 No flaming 3.97 

Hydrogen Hydrogen 3.54 No flaming 104.03 
 

Summary of BESS Unit Test Results 

Performance Criteria in accordance with Table 9.1 for Indoor Floor Mounted non-residential unit 

 
1 Maximum wall surface temperature averaged on 60 seconds. 
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UL 9540A, Edition 4  
 

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

Attachment A: Sample Charging, OCV and SOC Measurement  Profiles  -  (Pages 27 through 30) 

Attachment B: BESS (including module and any integral fire detection and suppression systems) 
Construction Photos/Diagrams  - (Pages 31 through 31) 

Attachment C: BESS and Equipment Instrumentation and Test Installation Layout Photos/Diagrams  -  
(Pages 32 through 35) 

Attachment D: Temperature Profiles and Heat Flux Measurements During Testing  (Initiating Cell and 
Module, Target Modules, Wall Surfaces, etc.  -  (Pages 36 through 39)  

Attachment E: BESS Unit Testing and Post Testing Photos  -  (Pages 40 through 41) 

Attachment F: BESS Unit  Gas Flow Rate and Heat Release and Smoke Release  Profiles -  (Pages 42 
through 44) 
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UL 9540A, Edition 4  
 

Photo(s) of BESS unit: 

  

Test Item Charge/Discharge Specifications: C02306P05L01-R 

�x Charge Power, kW: 50.91 kW, then 5.091 kW for module 

407.34 kW, then 40.734 kW for rack 

�x Standard Full charge voltage, Vdc: Any cell reaches of 3.65V or 189.8V for module 

Any cell reaches of 3.65V or 1500V for rack 

�x Charge temperature range, °C: -25~55 

�x End of charge Power, kW: Any cell reaches of 3.65V or 189.8V for module 

Any cell reaches of 3.65V or 1500V for rack 

�x Discharge Power, kW: 50.91 kW for module, 407.34 kW for rack 

�x End of discharge voltage, Vdc: Any cell reaches of 2.5V or 130V for module 

Any cell reaches of 2.5V or 1040V for rack 

�x Discharge temperature range, °C: -25~55 

�x Storage temperature range, °C:  -30~60 
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UL 9540A, Edition 4,  

Clause Requirement + Test Result - Remark Verdict 
 
 
 
 
 
 
 

 
UL 9540A, Edition 4  
 

9.2.14 Separation distances were specified by the manufacturer 
for distance between: 

a) The BESS units and the instrumented wall 
sections; and 

b) Adjacent BESS units. 

See Attachment C C 

9.2.15 Wall surface temperature measurements were collected  See Table 6 

See Attachment D  

C 

 The intended installation is composed completely of non-
combustible construction  

 N/A 

9.2.16 Wall surface temperatures were measured in vertical 
array(s) at 152-mm (6-in) intervals for the full height of 
the instrumented wall sections using No. 24-gauge or 
smaller, Type-K exposed junction thermocouples.  

 C 

 The thermocouples for measuring the temperature on 
wall surfaces were horizontally positioned in the wall 
locations to receive greatest thermal exposure from the 
initiating BESS unit. 

 C 

9.2.17 Thermocouples were secured to gypsum surfaces and 
the  thermocouple tip was depressed into the gypsum so 
as to be flush with the gypsum surface at the point of 
measurement . 

 C 

9.2.18 Heat flux was measured with at least two water-cooled 
Schmidt-Boelter gauges at the surface of each 
instrumented wall: 

a) Both are collinear with the vertical thermocouple 
array; 

b) One is positioned to receive the greatest heat from 
the initiating module; and 

c) One is positioned to receive the greatest heat flux 
during potential propagation within the initiating BESS 
unit. 

See Table 7 C 

9.2.19 Heat flux was measured with 2 water-cooled Schmidt-
Boelter gauges at the surface of each adjacent target 
BESS units facing initiating BESS unit: 

a) One is positioned at the elevation estimated to 
receive the greatest heat flux from the initiating 
module; and 

b) One is positioned at the elevation estimated to 
receive the greatest surface heat flux due to initiating 
BESS. 

See table 7 C 

9.2.20 Heat flux was measured with the sensing element of at 
least one water-cooled Schmidt-Boelter gauge positioned 
in the center of the accessible means of egress. 

See table 7 C 
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9.2.26 The test shall be terminated if: 

a) Temperatures measured inside each module within 
the initiating BESS unit return to ambient temperature; 

b) The fire propagates to adjacent units or to adjacent 
walls; or 

c) A condition hazardous to test staff or the test facility 
requires mitigation. 

Test temperature recording 
was terminated until no 
noticeable phenomenon 
observed and all measured 
temperatures of the initiating 
unit return to ambient 
temperature. 

C 

9.2.27 For residential use systems, the gas collection data 
gathered in 9.2 shall be compared to the 

smallest room installation specified by the manufacturer 
to determine if the flammable gas collected 

exceeds 25% LFL in air. 

 Non-residential unit. C 

9.7 Unit level test report   

9.7.1 Installation type tested: Indoor floor mounted, non-
Residential, container type 

For a container system BESS 
including those intended for 
outdoor installation only, the 
unit level test shall be in 
accordance with the indoor 
floor mounted unit level test 
using the battery system 
racks as the test units and 
with the test installation set up 
in accordance with the 
installation layout within the 
container. 

According to 9.1.2.1 from the 
CRD, it should be treated as 
indoor floor mounted 
application. 

C 

9.7.2 Testing is intended to represent more than one 
installation type. 

See Test Item Description in 
beginning of this report. 

C 

9.7.3 a. Unit manufacturer name and model number (and 
whether UL 9540 compliant); 

 C 

 b. Number of modules in the initiating BESS unit  C 
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began to increase inan uncontrollable manner, With 
the release of smoke. See Figure (c) 

00:44:40 Thermal runaway of 
adjacent cell 

Thermal runaway propagated to nearby cell (cell 20-1). 
More g as released. See Figure (d) 

00:46:03 Thermal runaway of 
adjacent cell 

Thermal runaway propagated to nearby cell (cell 21-1). 
More gas released. See Figure (e) 

01:05:26 Thermal runaway of 
adjacent cell 

 Gas released.( Refer to the temperature curve of Cell 
21-1, voltage drop of module, gases generation and 
video, another cell was suspected to be propagated 

around 65.5 mintues.) See Figure(f) 
01:25:00 Test Termination Data acquisition was stopped. The module was left in 

the test overnight and with video monitored. 
 
 
 

Table 5 - Maximum Temperatures in Target Units 
Cell vent temperature from cell test data, °C 154°C 

Target Unit 1 Target Unit 2 
Module Location 

No. 
Temperature (°C) Module Location 

No. 
Temperature (°C) 

Module -1 27.2 Module -1 26.9 
Module -2 28.8 Module -2 28.1 
Module -3 30.5 Module -3 28.7 

Module -4 28.5 Module -4 28.0 
Module -5 27.5 Module -5 27.7 
Module -6 27.3 Module -6 27.2 
Module -7 27.3 Module -7 27.0 

Module -8 27.8 Module -8 27.5 
Note: Temperatures are measured constantly and then averaged every 60-seconds 
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Table 6.1 - Maximum Temperatures on Instrumented Wall- Front Wall 
Ambient Temperature:                  24.0°C 
UL 9540A performance criteria, Ambient + 97°C:                   121.0°C 

Height, 
mm 

Maximum 
Temperature (°C) 

Height, 
mm 

Maximum 
Temperature (°C) Height 

Maximum 
Temperature (°C) 

152 26.8 1368 27.2 2584 24.7 
304 27.0 1520 27.0 2736 27.2 
456 27.1 1672 27.0 2888 27.1 
608 25.3 1824 27.2 3040 27.2 
760 27.3 1976 27.2 3192 27.4 
912 27.3 2128 27.4 3344 27.4 
1064 27.0 2280 27.4 3496 27.4 
1216 27.0 2432 27.2 3648 27.7 

Note: Temperatures are measured constantly and then averaged every 60-seconds 
 

Table 6.2 - Maximum Temperatures on Instrumented Wall- Side Wall 
Ambient Temperature:                  24.0°C 
UL 9540A performance criteria, Ambient + 97°C:                   121.0°C 

Height, 
mm 

Maximum 
Temperature (°C) 

Height, 
mm 

Maximum 
Temperature (°C) 

Height 
Maximum 

Temperature (°C) 
152 24.9 1368 26.8 2584 26.9 
304 25.8 1520 26.9 2736 27.0 
456 25.5 1672 26.9 2888 27.3 
608 26.1 1824 26.8 3040 27.3 
760 26.3 1976 26.7 3192 27.0 
912 26.6 2128 26.8 3344 27.1 
1064 26.7 2280 26.8 3496 27.0 
1216 26.5 2432 27.0 3648 27.0 

Note: Temperatures are measured constantly and then averaged every 60-seconds 
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Attachment A: Sample Charging, OCV and SOC Measurement  Profiles    -  (Pages 27 through30) 

 
Note: There were 8 modules in the initiating unit. Due to the voltage limitation of the charging device, the 
modules in the unit were divided into 8 groups and were then fully charged separately. The charging current of 
each module is 50.91 kW, then 5.091 kW, and the charging ends when any cell reaches of 3.65V or 1500V for 
rack. 
 

 
Figure 1: Initiating unit, module 1 charge to 100% SOC 

 

 
Figure 2: Initiating unit, module 2 charge to 100% SOC 
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Figure 3: Initiating unit, module 3 charge to 100% SOC 

 

 
Figure 4: Initiating unit, module 4 charge to 100% SOC 
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Figure 5: Initiating unit, module 5 charge to 100% SOC 

 

 
Figure 6: Initiating unit, module 6 charge to 100% SOC 
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Figure 7: Initiating unit, module 7 charge to 100% SOC 

 

 
Figure 8: Initiating unit, module 8 charge to 100% SOC 
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Attachment B: BESS (including module and any integral fire detection and suppression systems) Construction 
Photos/Diagrams  -  (Pages 31 through 31) 

 
 

 

 
 

 

 

 
 

 

 
 

  
BESS unit and module Construction Photos 

 
Note: there is no fire detection and suppression systems in the Unit BESS. 
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Attachment C:  BESS and Equipment Instrumentation and Test Installation Layout Photos/Diagrams  -  (Pages 
32 through 35) 

 

 
Figure 9: Test area layout 
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Front view - TC Location of front wall. From the 
bottom to up, TCs were FW-1 to FW-24 

Side view - TC Location of side wall. From the bottom to 
up, TCs were SW-1 to SW-24 

 

 
 

 
 

Rear view - TC Location of side wall. From the 
bottom to up, TCs were RW-1 to RW-24 
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Initiating unit Target unit - 1 Target unit - 2 

Figure 12: TC location in the initiating and target units, T16 series for target unit-1, T17 series for target unit-2 

 

(Note: Except T15 affixed to the top frame of the initiating module, other T14 affixed to the middle height of the 
module frame.) 
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Attachment D: Temperature Profiles and Heat Flux Measurements During Testing  (Initiating Cell and Module, 
Target Modules, Wall Surfaces, etc.  -  (Pages 36 through 39)  

 

 
Figure 13: Initiating cells vent, Thermal runaway Initiating cell Temperature and Voltage Profiles During Testing 

 

 
Figure 14: Initiating module temperature  
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Figure 15: Target unit-1 temperature 

 

 
Figure 16: Target unit-2 temperature 
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Figure 17: Front wall temperature 

 

 
Figure 18: Side wall temperature 
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Figure 19: Rear wall temperature 
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Attachment E: BESS Unit Testing and Post Testing Photos  - (Pages 40 through 41) 

 

  

(a) Start Heating 
[00:00:00] 

(b) Vent initiating cell 20-2  
[00:41:08] 

  

(c) Initiating cell 20-2 Thermal runaway  
[00:41:48] 

(d) Cell 20-1 Thermal runaway 
[00:44:40] 

  

(e) Cell 21-1 Thermal runaway 
[00:46:03] 

(f) Thermal runaway of adjacent cell  
Approximately [01:05:26] 
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