
Abstract
Large lithium-ion batteries (LIB) is a field that

experienced a rapid development in the recent years. In

the last decade over 30 fire incidents have globally

occurred in large LIB installations [1], for instance,

APS Arizona (USA) [2] and Victorian Big Battery

(Australia) [3]. Although the probability of fire is very

low, the consequences of a fire caused by LIB

malfunction may be severe.

One major problem with LIBs is the exposure to

thermal and health hazards. LIBs are composed of

flammable substances and store high energy density.

LIBs may start a thermal runaway (TR) process under a

failure mechanism in the battery (mechanical, thermal,

or electrical failure). During the TR process, the battery

releases flammable and toxic gases and may start a fire

or cause an explosion [4]–[6].

The knowledge of fire behavior is important for

improving safety and preventing accidents involving

batteries. A uniform way of performing tests and

documenting fire behavior are under development.

The lack of studies summarizing fire test results,

including test set-up and test procedure, makes the

comparison between studies difficult.

The research method consists of a systematic review of

studies published in open-access databases (i.e.,

Scopus, ScienceDirect, and so on), with the purpose of

examining the way the research on the fire behavior of

LIBs has been conducted. The content has been 

categorized by four-phases (PRISMA method). 

The work is in progess, a conclusion is that further 

research is needed to develop fire test conditions 

and good procedures for documentation of large 

LIB capacities (~more than 100Ah).

Types of LIBs and fire behavior 

• From a cell: jet fires during the burning of 

exothermic reactions, and stable combustion.

• From a module: the TR propagation into cells 

contributes to a variety of jet fire stages (expansion, 

jet fires and stable combustion). The fire is abated 

and extinguished after total combustion.

Research questions and Results
• What LIBs composition and energy capacity have been tested to fire behavior and how? What are the battery

characteristics that impact fire behavior?

LCO, NCA, NMC and LFP are cathodes that have been tested to fire. The tested LCO cathodes have small capacity (Ah),

while NCA cathodes less than 50Ah, NMC and LFP cathodes are more flexible in terms of capacity, achieving up to 100Ah

per cell. Battery characteristics that impact fire behavior are cell chemistry, cell capacity, SoC% and cell aging. 

• Which experimental fire test methods under controlled conditions have been used?

Several battery capacities have been tested in different test scales: cone calorimeter (ISO 5660-1) and Tewarson calorimeter

test (ISO 12138) as bench scale, single burning item (SBI, DIN EN 13823) test as intermediate-scale and open burning HRR

calorimeters and room fire tests (ISO 9705) as full-scale. Reactor heater and temperature-ramp method (Accelerating Rate

Calorimeter) were found in the literature as fire test for small battery capacities (~1-3Ah).

• Which fire parameters have been measured?

The most common fire parameters are measured in the tests were heat release rate, mass loss rate, surface temperature,

maximum temperature, TR onset temperature and the impact of SoC% in the heat release rate. Despite that, few tests

included flame temperature and radiative heat flux from the battery. The ignition method considered in the analysis of

papers is thermal method. Electric heating and propane burners are common ignition methods. Electric heating includes

conduction heat and radiation heat. Note that not all manuscripts show results of the described fire parameters.

• What are the HRR peak (kW), THR (kJ) and Max Temp. per energy capacity (Wh) for LFP and NMC cells?

• What are the instrumentation methods for gas analysis? What gases have been measured?

Conclusions

The maximum battery capacity that has been founded in the studies is for a 117Ah NMC cell and a 325 Ah LFP cell. Battery

capacity determines the calorimeter scale for measuring HRR of the battery. The method of testing fire might provide 

different results for the same battery chemistry and type.

In terms of gases, release of hydrogen fluoride (HF) has been studied for several battery capacities and chemical battery

compositions during TR process. Other toxic gases such as nitrogen oxides and sulfur oxides and a combination of

hydrogen with chlorine and fluorine have rarely been studied for large battery capacities (up to 100Ah).
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Fig 1. HRR Peak (kW), THR (kJ) and Max Temperature (C) per Energy Capacity (Wh) for LFP and NMC Cells at 100% SoC 
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Reference Cell type, Capacity Gas Analysis Instrumentation Gases

Peng et al. (2019) LFP, 60Ah Paramagnetic, NDIR, FTIR CO, HF, SO2, NO2, NO, HCl

Liu et al. (2021) LFP, 243Ah Paramagnetic, NDIR, FTIR CO, CO2, H2, CH4, HF

Mao et al. (2021) LFP, 325Ah Paramagnetic, NDIR CO2, CO

Peiyan et al. (2022) LFP, 60Ah Paramagnetic, NDIR, FTIR CO, CO2, H2, HF

Huang et al. (2015) NMC, 50Ah Paramagnetic, FTIR CH4, C2H4, C3H6, CO, SO2

Liu et al. (2022) NMC, 117Ah Paramagnetic, NDIR, FTIR CO2, H2, CH4, C2H4, CO, HF

Results of HRR peak and THR per Wh, show a range of data values. For instance, LFP cells show HRR peaks from 85 to 

365 W/Wh. Large differences of kJ are also observed. NMC cells present higher HRR peaks. According to temperatures, 

LFP batteries have higher temperatures than NMC batteries. 
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