ISSN : 1976-2208 (Print) Journal of the Society of Disaster Information
ISSN : 2671-5287 (On-line) Vol. 16, No. 2, pp. 383-391, June 2020
www.sodi.or.kr https://doi.org/10.15683/kosdi.2020.06.30.383

Original Article

ESS (Of|AX] XS X]) HHEIZ | SPHARIS STt 241718 B A4 2R RyX|o]] 2Fot o1
A Study on the Identification Technique and Prevention of Combustion
Diffusion through ESS (Energy Storage System) Battery Fire Case

ol

Jung-ll Lee*

Professor, Director, Fire Education & Training Division / Fire Marchall, National Fire Service Academy, Gongju, Republic of Korea

*Corresponding author: Jung-I1 Lee, gydhhh@korea.kr

Received | 8 April, 2020
Revised | 10 April, 2020
Accepted | 16 June, 2020

@ OPEN ACCESS

This is an Open-Access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted
noncommercial use, distribution, and reproduction
in anymedium, provided the original work is
properly cited.

© Society of Disaster Information All rights reserved.

ABSTRACT

Purpose: To identify internal self ignition and ignition caused by external flames in energy storage
rooms, and to analyze the difference between ignition due to overheating and ignition caused by
external heat sources. Method: membrane melting point measurement, battery external hydrothermal
experiment, battery overcharge experiment, comparative analysis of electrode plate during combustion
by overcharge and external heat, overcharge combustion characteristics, external hydrothermal fire
combustion characteristics, 3.4 (electrode plate comparison) / 3.5 (overcharge) /3.6 (external sequence)
analysis experiment. Result: Since the temperature difference was very different depending on the
position of the sensor until the fire occurred, it is judged that two temperature sensors per module are
not enough to prevent the fire through temperature control in advance. Conclusion: The short circuit
acts as an ignition source and ignites the mixed gas, causing a gas explosion. The electrode breaks
finely due to the explosion pressure, and the powder-like lithium oxide is sparked like a firecracker by
the flame reaction.

Keywords: Energy Storage System (ESS), Membrane Melting Point Measurement, Battery External
Hydrothermal Experiment, Battery Overcharge Experiment, Overcharge and External Hydrothermal
Overcharge Combustion Characteristics, External Hydrothermal Fire Combustion Characteristics
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Table 12] ESS (olUA] A& = it 718 A7 | (alE 2] B)oll A7g3ictF delo] 2 g of FgFoto] 15
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Table 1. Nationwide ESS installations (2019)
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Fig. 1. Short battery (class W) ~ correlations of the Battery System (MW Class)
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Table 2. ESS fire occurrence status

Date of . . .
Number ate o Business establishment Purpose Manufacturer Property damage Cause of accident
occurrence
- . L under
1 2018. 11. 12.  Cheonan solar power plant  photovoltaic linkage LG chemistry 2 hundred million . .
mvestigation
under

2 2018. 11. 12.  YeongJu solar power plant  photovoltaic linkage LG chemistry 7 hundred million . .
mvestigation

M 1
3 2018. 11. 22. Hngyeons solat power photovoltaic linkage LG chemistry 8 hundred million . un.der.
plant investigation
o . o d
4 2018. 11.22. Guchang solar power plant  photovoltaic linkage LG chemistry 4 hundred million . un' er.
mvestigation
. . 41 hundred d
5 2018. 12. 17. Jecheon cement plant in the factory LG chemistry undre | under
million investigation
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Sunlight Wind force Explosion After the fire

Fig. 2. Complete combustion of ESS room
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Table 3. The number of fires continues to increase [Unit: case]

Year Solar Power Generator/Generator Battery/battery Sub total
2015 72 39 111
2016 91 74 165
2017 55 79 134
2018 87 97 184
2019 112 91 203
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Instrument: DSC Q20 V24 11 Builg
Run Date: 13-Mar-2019 10:58
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Fig. 3. Melting point of lithium-ion polymer battery separator
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Table 4. Melting point of lithium-ion polymer battery separator

Division Specific heat (J/g) Melting starts (°C) Melting point (°C)
. First heating 139.3 124.84 166.50
1 time .
Second heating 36.69 125.18 162.35
) First heating 140.9 119.59 166.50
2 time .
Second heating 36.29 114.29 162.35
HiE 2] 5 4 A
HiE 2] 174101] shgdolu do] =S 4E 5lH BEES 5ol o wES 7ok A o & Al A oS i H
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60 mm) F7]°]11 & sEo] QI7}sh= Y2300 VE 117gR1:

(a-1) initial state (a—2) swelhng state (a—3) gas release state A (a-4) explosion state
(a) taken from the front

- -
i —Xmr m
(b-1) initial state (b-2) swelling state (b-3) gas release state (b-4) explosion state

(b) thermal images

Fig. 4. Experimental results of lithium polymer battery heating test.
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Fig. 5. Final state and thermal waveform of lithium polymer battery heating test
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Fig. 6. Experimental results of lithium polymer battery overcharging test.
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Fig. 7. Camcoder front view and Thermal images
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Fig. 8. Final state and graph of lithium polymer battery overcharging test
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