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gases burn, some of the toxic components may be consumed, although others may be gener-
ated. Smoke from many fires, including battery fires, is considered hazardous. Smoke typically
includes asphyxiant gases, irritant toxic gases, and particulate matter. The introduction of wa-
ter to a fire may change the composition of the smoke and can create water runoff, which may
also contain hazardous substances. The use of other fire suppression agents may also alter the
toxic release profile [9].

3.2 Toxic Gases of Interest

Abuse and failure of lithium-ion cells may result in gas production inside of the cells. When
enough gas is produced, a safety vent may open, or the cell package may rupture. The gas mix-
ture released is flammable and toxic and is primarily made up of carbon monoxide (CO), carbon
dioxide (CO,), hydrogen (H,), and an assortment of hydrocarbons. If ignited, the combustion of
these gases can lead to a fire or an explosion.

When a lithium-ion cell is exposed to high temperatures such as those due to fire exposure
or propagating thermal runaway, it produces toxic compounds. Plastic contained in the bat-
tery system may contribute to these toxic combustion products. Such products may include
carbon monoxide (CO), nitrogen oxides (NOy), sulfur dioxide (SO;), hydrogen chloride (HCI), and
hydrogen fluoride (HF). The quantity of HF produced is related to the electrolyte solvent and the
chemical reactions initiated. CO,, H,, and CH, are asphyxiant gases, or gases that can cause un-

consciousness or death by suffocation because they displace oxygen in the air [3]. CO blocks
the transport of oxygen by sticking to the hemoglobin in red blood cells. Poisoning by CO is
often the major cause of death related to fire in which burns are not present [10]. Hydrogen

cyanide (HCN) obstructs the function of mitochondria so that oxygen cannot be absorbed into
the cells. Irritant gases include HF, HCI, SO,, and NO,. These gases have a toxic and irritating
effect that can be significant even at very low concentrations. HCl is corrosive, highly irritating,
and can cause severe injury to the respiratory tract ifinhaled. SO, is extremely irritating and can
form sulfurous acid when in contact with moisture. NO, and NO are especially irritating to the
respiratory tract and lungs even at low concentrations. None of these irritants can be absorbed
through the skin. HF, on the other hand, is not only severely irritating to the respiratory tract
but can also penetrate skin and other tissues as the fluoride ion. When HF comes into contact
with moisture, it can form hydrofluoric acid [11].

In evaluating harmful levels of toxic gases, it is helpful to reference levels known as IDLH (imme-
diately dangerous to life or health) and AEGLs (acute exposure guideline levels). According to
the Code of Federal Regulations, IDLH is defined as a concentration of any toxic, corrosive, or as-
phyxiant substance that poses an immediate threat to life, would cause irreversible or delayed
adverse health effects, or would interfere with an individual's ability to escape from a dangerous
atmosphere [11]. IDLH values were developed to address occupational exposures to chemicals
and to help protect workers from acute or short-term exposures to high concentrations of some
airborne chemicals that could result in undesirable health outcomes [12]. The AEGLs were de-
veloped by the EPA to define the health effects of a once-in-a-lifetime exposure to airborne
chemicals. AEGLs are used by emergency responders when dealing with major chemical leaks,
spills, or other exposures. AEGL concentrations are provided for different exposure times and
health effect levels. Level 1is discomfort or irritation, Level 2 is the onset of irreversible or seri-
ous health effects, and Level 3 describes life-threatening health effects [13]. Toxic gases related
to battery energy storage systems along with their IDLH, AEGL-2, and AEGL-1 concentrations
are shown in Table 1. The AEGL values presented in the table are based on an exposure time
of 30 minutes, which is characteristic of how long someone evacuating might be exposed to a
substance.
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Table 1. Toxic chemicals that can be present during battery failure and
concentrations of interest. The AEGL values shown are for a 30-minute
exposure. (NR = Not recommended due to insufficient data)

Chemical IDLH (ppm) AEGL-3 (ppm) AEGL-2 (ppm) AEGL-1(ppm)
Carbon Monoxide (CO) 1,200 600 150 NR
Carbon Dioxide (CO,) 40,000 NR NR NR
Hydrogen Chloride (HCI) 50 210 43 1.8
Hydrogen Cyanide (HCN) 50 21 10 25
Hydrogen Fluoride (HF) 30 62 34 1
Nitrogen Dioxide (NO,) 13 25 15 0.50
Nitric Oxide (NO) 100 NR NR NR
Sulfur Dioxide (SO) 100 30 0.75 0.20
Benzene (CgHg) 500 5,600 1,100 73
Toluene (C¢HsCHs) 500 5,200 760 67

4 Site and System Descriptions

4. Site Description

The Marici project is a lithium-ion BESS facility that will be located in City of Industry, California.
The site will be about 17 miles east of downtown Los Angeles. The location of the site can be

seen in Figure 1.
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Figure 1: A map showing the location of the Marici site. This image was taken from
Google Maps 2025.

The Marici project includes lithium-ion battery energy storage equipment made by Sungrow.
Over 600 houses are located within a half-mile of the Marici site. The nearest residential property
is 111 ft away from the BESS enclosure at the edge of the site. The site and its close surroundings
are shown in Figure 2. Nearby exposures and their approximate distances from the BESS are

also shown in Figure 2.
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Figure 2: A satellite view of the Marici site location and its surroundings with the
site drawing overlaid. The distances shown are measured from the nearest BESS
enclosure. This image was taken from Google Earth 2025.

411 Typical Wind Conditions

In case of a toxic gas release, it is expected that the impacted area would be downwind of the
site. The closest weather station for historical data is the San Gabriel Valley Airport site. Accord-
ing to historical wind information from 1985-2024, the prevailing winds generally come from
the south-southwest (see Figure 3). The average wind speed is 6.9 mph or 3.08 m/s. Peak wind
speeds may exceed 20 mph or 8.9 m/s approximately 0.284% of the time. Conditions are calm
20.1% of the time [14]. Because only a small percentage of winds exceed 20 mph, wind data was
further analyzed to find the 99th percentile wind speed for use in the plume model. This wind
speed was found to be 15 mph or 6.7 m/s.
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Figure 3: The wind rose for the San Gabriel Valley Airport weather station, which is
the closest available station to the Marici site. This image was taken from the lowa
State University lowa Environmental Mesonet website [14].

4.2 Energy Storage System Description

The Marici project uses modular outdoor-rated PowerTitan 2.0 battery units made by Sungrow.
These units contain lithium-ion batteries installed in racks inside the enclosure. Each enclosure
contains 6 racks with 8 modules each, for a total of 48 liquid-cooled battery modules. A PCS is
underneath each rack [6]. The PowerTitan 2.0 includes a vent panel, heat and smoke detectors,
a sound beacon, ventilation system, and flammable gas detector [2]. A PowerTitan 2.0 enclosure

is shown in Figure 4.
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SUNGROW

Figure 4. An image of a Sungrow PowerTitan 2.0 battery storage system [2] [5].

The PowerTitan 2.0 enclosures include an NFPA 69 ventilation system to expel battery vent gas
in case of cell failure. This system is designed to prevent an explosive atmosphere. An inlet lou-
ver is located on the left side of the enclosure near the bottom, and an exhaust fan is located on
top of the enclosure near the right side (see Figure 5). The exhaust fan activates upon detection
of hydrogen gas and expels air and vent gas at a rate of 750 m3/h [7].
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Figure 5: The configuration of the NFPA 69 ventilation system on the PowerTitan 2.0
enclosure [7].

The Marici site will consist of 480 enclosures [1]. The site also includes power conversion systems
and other equipment. Figure 6 shows the planned layout of the site.
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Figure 6: An engineering drawing indicating the planned layout of the Marici site,
including the battery enclosures, power conversion systems, and other equipment

[].

5 UL 9540A Test Results

This analysis is based on test data fromm UL 9540A cell, module, and unit test results. During
this testing, a cell is forced into thermal runaway while the outcome is observed. Gases re-
leased from the battery or batteries during thermal runaway are captured and analyzed for
select chemical species. Depending on the outcome of cell-level testing, additional testing at
the module level and full unit level may also be required. For this plume analysis, UL 9540A data
from cell-level [2], module-level [4], and unit-level [5] testing was reviewed. The results of these
tests are described in Sections 5.1-5.3.
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Since UL 9540A is primarily concerned with fire and explosion hazards, typical UL 9540A gas
measurements are focused on major combustible gases and combustion products, such as hy-
drogen, carbon monoxide, carbon dioxide, and various hydrocarbons. Typically, carbon monox-
ide is the most significant toxicity hazard among the measured gases due to a comparatively
low IDLH value and relative abundance in most battery gas. The UL 9540A test report for the
CALB Group Co,, Ltd. cells indicates that 192 L of gas was captured from a single cell. Of the gas
captured, 13.924% by volume was carbon monoxide. This information, along with the remaining
composition information, is listed in Table 3.

Cell-level gas composition information is collected by failing an individual cell inside of a sealed
pressure vessel that is filled with an inert gas to prevent combustion. This method allows for
the capture of the entire volume of emitted gas. Gas compositions from cell experiments are
usually measured using a gas chromatograph (GC), which is typically more accurate than mea-
surements taken from exhaust hoods during module and unit testing.

5.1 Cell Test

The system under consideration is comprised of CALB Group Co., Ltd. L173F314 cells, which are
314 Ahr lithium-ion LFP cells [3]. This cell was tested using the UL 9540A method. The results
are given in the CSA Group - Kunshan Branch report 80184345 dated 11/17/2023. Figure 7 shows
a cell during testing.

Figure 7: A CALB Group Co,, Ltd. L173F314 cell during testing. This image was taken
from the UL 9540A cell-level test report [2].

For UL 9540A testing, the L173F314 cells were heated until failure occurred. Cell details and
results from UL 9540A testing are provided in Table 2.

The UL 9540A cell report showed that the cells go into thermal runaway and release a mixture
of flammable gases when heated externally until failure. The vent gas composition from the UL
9540A cell report is listed in Table 3.
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Table 2: Key cell properties from the UL 9540A cell test [4].

Parameter Value
Cell Manufacturer CALB Group Co,, Ltd.
Cell Model L173F314
Cell Chemistry LFP
Cell Nominal Voltage 32V
Cell Capacity 314 Ahr
Volume of Gas Released 192 L
Lower Flammability Limit (LFL) at ambient temperature 6.2%
Lower Flammability Limit (LFL) at venting temperature 5.6%
Burning Velocity (Su) 63.8 cm/s
Maximum Pressure (Pmax) 0.68 MPa

Table 3: The gas composition from the UL 9540A cell test [3]. Model Volume Percent
will be addressed in Section 6 later in this document.

Name Formula Experimental Model
Volume Percent Volume Percent

Carbon Monoxide CO 13.924 13.924
Carbon Dioxide cO2 27.237 27.237
Hydrogen H2 44.925 44.925
Methane CH4 6.421 6.421
Acetylene C2H?2 0.339 0
Ethylene C2H4 3.827 3.827
Ethane C2H6 0.996 0.996
Propylene C3H6 1.227 0
Propane C3HS 0.322 2.670
C4 Total C4H10 0.651 0

C5 Total ChH12 0.131 0

5.2 Module Test

The CALB Group Co., Ltd. cells are located inside of module model P1044AL-AHA. A module
was also tested using the UL 9540A method, and the results can be found in TUVRheinland
(Shanghai) Co., Ltd. test report CN23P68X 001 dated 12/16/2023. Each module contains 104 cells

in a 104S configuration [4]. Multiple thermocouples were attached for testing as seen in Figure
8.
August 14, 2025 12

M-13



%, Hazard Dynam

—— ]

Figure 8: A module prepared for the UL 9540A test. This image was taken from the
UL 9540A module-level test report [4].

Heaters were placed between cells 2, 3, and 4 in submodule 1, which was chosen due to its
central location within the module. A diagram of the module construction is shown in Figure
9, and the locations of the thermocouples and initiating cells and can be seen in Figure 10. The
temperature time history for the test is shown in Figure 11.
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Figure 9: A diagram of the P1044AL-AHA module. This image was taken from the
UL 9540A module-level test report [4].
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https://doi.org/10.1007/978-1-4939-2565-0_62
https://www.ecfr.gov/current/title-29/subtitle-B/chapter-XVII/part-1910/subpart-H/section-1910.120
https://www.ecfr.gov/current/title-29/subtitle-B/chapter-XVII/part-1910/subpart-H/section-1910.120
https://www.cdc.gov/niosh/idlh/default.html
https://www.epa.gov/aegl
https://www.epa.gov/sites/default/files/2013-11/documents/oca-chps.pdf
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