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#1 Research areas

Electrochemical compressor & heat pump
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#2-1 Thermal runaway of Li-ion batteries
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<Changes in starting temperature
of TR depending on SOC>

<Mechanism of TR>
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<Reproducibility test>

We analyzed thermal runaway mechanism of Li-ion batteries by conducting experimental and

numerical analysis.
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#2-1 Thermal runaway of Li-ion batteries ,cﬁ@
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<Various vent gases> <Changes in temperature during TR>

« We analyzed heat release rate and temperature change during thermal runaway.
* We considered combustion by vent gases. 8



#2-1 Thermal
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<Governing equations related to combustion>
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<Changes in the batteries during TR>
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« We analyzed heat propagation of 6 pouch cells during thermal runaway. Heat transfer by

convection is the most important factor.
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#2-1 Thermal runaway of Li-ion batteries
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<Variations in vent gases>
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<Specific sub-reactions related to gas generation>
Various redox reactions occurs sequentially depending on the temperature.

At early stage, electrolytes are mainly evaporated, and SEl is decomposed.
Damage of separator results in oxygen generation reaction.

SElI decomposition generates carbon dioxide.
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We analyzed EV car fire and compared to ICE fire. The EV car fire is dramatic.
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#2-1 Thermal runaway of Li-ion batteries 1
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<Comparison of fire propagation> <Fire of EV car in the basement>

* We analyzed danger of EV car fire by comparing ICE car fire. EV is more dangerous.
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#2-2 Electrochemical compressor

¢ Electrochemical hydrogen compressor
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<Membrane selection> <Design electrochemical compressor>

= Electrochemical compressor is similar to electrolysis cell that can compress target gas to over hundreds
bars.
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#2-2 Electrochemical compressor 2CAY

¢ Electrochemical hydrogen compressor
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<Characteristic of EHC> <large capacity compressor>

» The EHC shows almost constant mass flow rate according to pressure difference.
= The efficdency of EHC is much higher than that of mechanical compressor.
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#2-2 Electrochemical compressor

¢ Alchemist project (2019~2025)
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<Schematics of chemisorption heat pump>
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<HP with ECC>

= Chemisorption heat pump :
Through the electrochemical compressor, we can decrease the pressure of chemisorption reactor and

manage the pressure and temperature simultaneously. Therefore, COP of the cycle can be further increased.
The electrochemical compressor can compress refrigerant in isothermal process, because intercooling

channel is located between the membrane.
15
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The EAC uses H,/NH/H,0, so it needs special

management.
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<Effect of back diffusion>

16



#2-2 Electrochemical

SUS 316 Needle valve

<Picture of HP with ECC> 370W Accumulator
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Manu improvements are needed in the electrochemical compressor for use in the thermodynamic

cycle.
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3. Research proposal
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#3-1 Research proposal cﬂrw

s Targeted call: HORIZON-CL5-2027-03-D5-06: Fire prevention and mitigation for
EVs in confined areas (2ZERO Partnership)
>> Main objectives: Virtual sensor for on-board fire detection

4 ) - ) o R - )

= t
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-thermal model simulation virtual sensing
simulates heat generates identifies early battery fire
& gas generation dataset of gas-based early-warning
during thermal gas evolution signatures system for
runaway & temperature of runaway EV [ ESS
profiles
- P Y o e P

= Early detection of battery thermal runaway through model-based sensing.
= Reduction in dependency on expensive physical gas sensors.
= Improved safety for EVs, ESS battery systems. 19



#3-2 Research proposal ﬁw

¢ Targeted call: HORIZON-CL5-2027-02-D3-31: Advancements in Direct Air Capture
>> Main objectives: Electrochemical CO2 separation cell for direct air capture
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= Electrochemical CO2 separation using anion exchange membrane cell
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= Performance analysis depending on membrane, catalyst, GDL, and channel.
= Design stack to prevent leakage problem under high pressure condition. 20



Thank you

ElectroChemical Application for advanced energy System Laboratory

Everything’s gonna be alright
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