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ABSTRACT This study proposed an algorithm to evaluate the performance of a lithium-ion battery energy storage system (Li-BESS)
while ensuring its safety. To achieve this, it identified safety factors based on domestic Li-BESS fire investigations and analyzed the
technical standards and criteria for these safety factors. This study then developed and demonstrated a performance evaluation
algorithm that considers safety of the Li-BESS.
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Subscript IGBT : insulated gate bipolar transistor

Li-BESS : lithium-ion battery energy storage system PE : protective carth

AC : alternative current

PCS : power conversion system

DC . direct current RMS : root mean square

EMS  : energy management system IMD : insulation monitoring device
PMS : power management system

BMS  : battery management system

SOC : state of charge 1LME

CMV  :common mode voltage
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Fig. 1. The concept diagram of Li—BESS equipment and control
system
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Fig. 2. Comparison of Li—BESS fire accidents
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Table 1. Safety factors of Li—BESS

Table 2. Test conditions for the environment of Li—-BESS

Factor Major Safety Considerations

Li—batteries are vulnerable to temperature
Temperature | and humidity conditions; therefore, appropriate
& Humidity | temperature and humidity control is required
at battery handling and installation sites,

In Li—BESS, CMV characteristics may occur
due to various causes such as IGBT switching
CMV and switching surges. Rapid voltage change
rates and harmonics on the DC side may induce
leakage current and communication errors,

As Li—BESS operates with an ungrounded

Insglatlon system, it is difficult to detect ground faults
Resistance
when they occur,
Most domestic Li—BESS fire incidents
occurred at a fully charged state; therefore,
SOC . .
battery management functions considering
idle periods and battery lifetime are required,
Most domestic Li—BESS fire incidents occurred
Internal at a fully charged state; therefore, battery
Resistance | management functions considering idle periods

and battery lifetime are required.

Installation location and appropriate rating
Fuse selection are required to ensure protection of
batteries against over—current conditions,

o] 7] BESS 3l 9&= 34
#(20234 °]%) K& dFut i%-__lﬂ% =24 S &
goz 9|7k 24k Qi

T} ESS SPEAL B AETES 25k, 3R
EARHCMY), AR, SOC, WA, =0l thet &
o Al At B AT 80k FAlo AT A

o] PQasirtil =o]%|gic} o]of Li-BESSo|A] A=
2 7%o] Badt okl @42 A|51H Table 13} g},

3. Li-BESS oA gk JLhe| QFM7|E
7E Sz

-

2 ol A= A2olA E=EE 6719 P a4
] 9] QFd 72T 2 H3S thEc) S Li-BESS
of thah =8 7|2 =7 uA(KEC) o] H, 2
TR A5 At du] oA shte] A 7liEQl 510
A7) AAA2| oA ThRo| AL Qlet, E3F Li-BESS ¥
A FEZ(EC, IEEE 5) thgsHAl AR & =)l A]
£ I[ECE 402 Ae3it}, [ECo|A] Li-BESS ¥&H =+

110 - ZhdolAx|

Indoor Outdoor
Installation Installation
Maximum
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Fig. 3. Example of CMV measurement of Li—BESS
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Table 3. Min. insulation resistance for test voltage

Minimum Insulation
Resistance

1.0 MQ

Nominal Circuit
Voltage

Exceeding 500 V

Test Voltage

1,000 V

Table 4. Safety standards for Li—BESS safety factors

Safety Factors Safety Standards

Battery manufacturer—recommended
Temperature | temperature and humidity conditions shall be
& Humidity | maintained as a basic requirement, temperature
of 23 + 5°C and humidity within 80%,

Verification is required to confirm whether
manufacturer—recommended limits are

CMV exceeded; generally, insulation failure is
considered when the potential difference
between ground and battery exceeds +1,000 V,

Minimum insulation resistance of 1 MQ at a
test voltage of 1,000 V,

Charging voltage exceeding the upper limit is
SOC prohibited; maximum allowable charge and
discharge current of cells shall not be exceeded,

Insulation
resistance

Monitoring of trends indicating an increase
of 150% or more compared to initial internal
resistance, or detection of sudden changes,

Internal
resistance

Automatic interruption function when rated
Fuse operating conditions are exceeded, serving as
a module—level protective device,
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Table 5. Results of performance evaluation for Li—BESS
based on safety

[tem Maijor Results
Tempera— | Battery room temperature/humidity: 22—23°C /
ture & | 45—50%

Humidity | Battery temperature Min/Max: 22.5°C / 23.5°C
Confirmed within manufacturer—recommended
range (+£1,000 V) during duty cycles; voltage

CMV . . .
fluctuation was greater during charging than
discharging,

Insulation IMD measurement results confirmed insulation

. resistance of 1 MQ or higher throughout duty
Resistance
cycles,
Three duty cycles conducted within SOC range
of 20—80%; rated charge and discharge operation
performed,
SOC
Internal All modules measured between 4,3—4.8 mQ;
. lower modules showed a tendency toward higher
Resistance . .
resistance (impedance).
Fuse Installation of battery module fuses confirmed,
Perfor— PCS rated output: 400 kW
Efficiency: approximately 95% (based on one
mance
duty cycle).
Safety factor and performance data were recorded,
Remarks
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Fig. 5. Demonstration facility for performance evaluation of
Li—BESS based on safety factors
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“Electrical energy storage (EES) systems - Part 2-1: Unit
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