
Experimental Evaluation of the Safety and Explosion Hazards of Electrochemical Energy 

Storage Devices 

Battery safety research

• Cycling and energy capacity test

• Thermal runaway studies by thermal abuse and overcharge

• Determination/ analysis of critical temperature, pressure rise, energy

release, reaction rates and gas components released

Test rig and research capabilities

• Four experimental setups

– 10-liter vessel, pressure resistance up to 20 bar

– 54 L pressure resistance vessel, etc

• Full automatic, dynamic high precision DC source/ sink

20-1000 V/ 0-1100 A/ 537-805 (Peak) kW

• - 30°C to 110°C conditioning

• Determination/ analysis of critical temperature, pressure rise, energy

release, reaction rates and gas components released
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Insights

Abstract

Like any energy source, lithium-ion batteries (LIBs) and sodium-ion batteries (SIBs) pose significant hazards with regards to fire and explosion risks. This

work outlines a method for assessing the performance, thermal runaway behaviour, gas emission characteristics and explosion hazards through abuse

testing conducted in various experimental environments such as open, semi-open and closed environments. A total of 10 critical parameters are identified

that can be used to characterize thermal runaway and support hazard classifications for Electrochemical Energy Storage (EES) technologies.

Working bench
Safety trolley for 

environmental conditioning

Gas component analysis
Fourier Transform Infrared (FTIR) Spectroscopy

• in-situ and,

• ex-situ gas release analysis

CO, CH4, C2H4, C2H6, HF, HCN

Gas evaluation

• Lower explosion limit

• Toxicity evaluation based on IDLH

Thermal runaway characteristics evaluation

Temperature change on the cell surface during TR Pressure change in the reactor during TR

∆𝑛 =
𝑉𝑅

𝑅𝑇
∆𝑝

𝑽𝒈 = ∆𝑛. 𝑉𝑚.𝑔𝑎𝑠

𝑉𝑚.𝑔𝑎𝑠 = 24.776 L/mol

∆𝑝 = 𝑝𝑓 - 𝑝𝑖

𝑝𝑓 = Final pressure 

𝑝𝑖 = Initial pressure 

𝑉𝑅 = Volume of the reactor

𝑇 = Temperature

𝑅 = Universal gas constant

at 298 K and 1 bar

The range of gas released from some common LIBs 

Chemistry Trigger method Normalized volume, L/Wh

LFP vs C Thermal abuse 0.07 – 1.17

NCA vs C 0.1 – 0.69

LMO vs C 0.16 – 1.41

LCO vs C 0.11 – 0.89

NMC vs C 0.15 – 1.68

LFP vs C Overcharge 0.04 – 0.79

LCO vs C 0.001 – 0.01

NMC vs C 0.26 – 0.83

Pouch lithium-ion battery before and after abuse test

Recommendation

Class Range Hazard level

Tier 1 Vg ≤ (IQR-1); very low gas released Negligible/ minimal

Tier 2 (IQR-1) < Vg ≤ (IQR-2); low gas released Low

Tier 3 (IQR-1) < Vg ≤ (IQR-2); moderate gas released Moderate

Tier 4 (IQR-1) < Vg ≤ (IQR-2); high gas released High

Tier 5 Vg > (IQR-1); Extremely high (outliers) Extremely high

The hazard level classification of the total gas released from EES technologies

Released gas component toxicity analysis

𝐼𝐷𝐿𝐻𝑖 𝑅𝑎𝑡𝑖𝑜 =
𝑐𝑖

𝑐𝐼𝐷𝐿𝐻𝑖

where IDLH Ratio ˃ 1 is measured from any of the gas components the gas 

released can be considered to have acute hazard consequences.

𝑸𝒕𝒐𝒕𝒂𝒍 = 𝑚𝑐𝑝∆𝑇𝑎𝑑,𝑡𝑜𝑡𝑎𝑙
in kJ/Wh

(∆𝑇𝑎𝑑,𝑡𝑜𝑡𝑎𝑙= 𝑇𝑟𝑒𝑎𝑐,𝑔𝑎𝑠 − 𝑇𝑜𝑛𝑠𝑒𝑡)

Hazard rank determination criteria.

Class of 𝑇
𝑜𝑛𝑠𝑒𝑡

Hazard score, 

(𝐻𝑠𝑇𝑜𝑛𝑠𝑒𝑡)

Tier of 𝑉
𝑔

Hazard score, 

(𝐻𝑠𝑉𝑔)

Hazard

ranking

1 5 1 1 1

2 4 2 2 2

3 3 3 3 3

4 2 4 4 4

5 1 5 5 5

Hazard ranking = 
𝐻𝑠𝑇𝑜𝑛𝑠𝑒𝑡+𝐻𝑠𝑉𝑔

σ 𝐻𝑠𝑚𝑖𝑛


