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Abstract Recently, according to the government's green growth and carbon-neutral policy, the installation
of large-capacity energy storage systems(ESS) is rapidly spreading, but a total of 50 ESS fire accidents
have occurred that began in August 2017. ESS is composed of series-parallel connection with numerous
Li-ion batteries, and when the temperature of deteriorated cell increases due to thermal, electrical and
mechanical stress, thermal runaway can be occurred according to additional heat generated by an
internal chemical reaction. Where, internal chemical reaction and heat generation in Li-ion battery have
different characteristics depending on the operation conditions of ESS such as increase rate of
temperature, convective heat transfer coefficient and C-rate of charging and discharging. Therefore, this
paper presents a mechanism of thermal runaway in Li-ion battery and proposes an evaluation modeling
and test device of thermal runaway based on the mathematical formularization using MATLAB/SIMULINK.
From the simulation results based on the proposed mechanism and modeling according to operation
conditions of ESS, it is confirmed that in the case of high increase rate of temperature and convective
heat transfer coefficient, internal chemical reaction is rapidly occurred and occurrence time of thermal
runaway is significantly shortened. And also, in the case of high C-rate of charging and discharging,
occurrence time of thermal runaway is shortened. And also, the impact of increase rate of temperature
and convective heat transfer coefficient are more critical than the C-rate of charging and discharging.

Keywords : ESS, Li-ion Battery, Thermal Runaway, Operation Conditions, Mathematical Formularization,
MATLAB/SIMULINK.
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Fig. 1. Stage of chemical reaction in Li-ion battery
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Table 2. Internal parameters of Li-ion battery

symbols items values
R gas constant 8.31
F Faraday constant 96.485
H,, SEI decomposition heat release 2.6x105
H,, negative-solvent heat release 1.7x106
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positive-solvent
A, frequencgeizitqor c?t. electrolyte 5.1x1024
position
B activation energy of SEI «
aset decomposition 1.4x105
activation energy of
ne nesative . 1.4x105
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. . . occurrence time interval
simulation conditions
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l -
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discharing
[l 5 28 min
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