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Abstract This study was to develop a spare power supply based on a lithium-ion capacitor battery and
a control system capable of checking the state of charge of the battery in real-time, which is the core
of a disaster prevention facility. The study was also conducted to evaluate the performance of the
battery. In particular, the performance of the battery was evaluated by an authorized testing agency to
study the aging, temperature, usable period, and high-speed charge and discharge produced heating of
the battery. The performance evaluation showed that the battery could affect the amount of power
retained by the battery. In addition, the charge and discharge acceleration test on the battery showed
that the performance of the battery degraded by about 15% in 3,000 cycles (assuming these cycles were
completed in 10 years). Further, the test to check the range of normal performance limits of the battery
confirmed that the battery performance was at about 85% after 3,000 cycles, even under fast charging
and discharging of the battery. Finally, the safety test on the battery confirmed that the temperature
range of battery heating was stable, and the sufficiency of this stability was ensured for everyday battery
use.

Keywords : Lithium-Ion Capacitor, Tunnel Disaster Prevention, Spare Power Supply, Control System,
Capacitor
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Fig. 1. Traffic Accident Fatality Rate by Risk in the
Last 5 Years(2015-2019)[1]
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Fig. 2. Battery Technology Expected to be Commercialized
(reproduced froml[4])
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Table 1. The Environment and Method of Conducting
the Experiment

Category

Contents

Experimental cell

Lithium capacitor 3.6V 0.33Ah

Target battery

Experiment with 4 series 1 parallel (4S1P)
module

Acceleration test

Continuous charging and discharging at 6-7
C-rate

Measurement of
capacity by
voltage

Check the change in capacity by
charge/discharge cycle

Table 3. The Result of Comparing the Amount of
Power Held by each Usage Temperature
(unit cell experiment)

Temperature ~ ~

Condition(C) 60 40 25 10 10 20

Capacity(Ah) | 2.062 | 2.028 | 1.992 | 1.919 | 1.622 | 1.319
Comparison(%) | 103.5 | 101.8 | 100.0 | 96.3 | 81.4 | 64.0

Goal of test

Check the correlation between the voltage and
the amount of power held

Category

notes

Experimental cell

Target battery

Experiment with modules to check the actual
battery performance

Acceleration test

Secure data reliability through acceleration test

Measurement of
capacity by
voltage

Calculation and comparison of the total
lcapacity and the capacity of each voltage (15v,
14v, 13v, 12v) based on the module
Comparison of capacity changes until 3,000
cycles

Goal of test

Securing reliability of correlation between
voltage and amount of power held
Check the deviation range (aging, environment)
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Table 2. Comparison of the Voltage Value by Number of Times of Charging and Discharging and the Amount
of Power Held

Number of Amount of power held by voltage (based on discharge)
timesanccl’llarge Rechargeable
discharge 16V 15V 14v 13V 12V
5 49 4.4 1.00 3.4 1.00 2.4 1.00 1.6 1.00 0.9 1.00
10 49 4.4 1.00 3.4 1.00 2.4 1.00 1.6 1.00 0.9 1.00
50 48 43 0.98 33 0.97 2.4 1.00 1.6 1.00 0.9 1.00
100 48 43 0.98 33 0.97 2.4 1.00 1.6 1.00 0.9 1.00
500 4.6 4.1 0.93 3.2 0.94 23 0.96 1.6 1.00 0.9 1.00
1000 45 4.0 0.91 32 0.94 23 0.96 15 0.94 0.9 1.00
2000 43 3.9 0.89 3.1 0.91 2.2 0.92 15 0.94 0.9 1.00
3000 4.2 3.8 0.86 3.0 0.88 2.2 0.92 1.4 0.88 08 0.89
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Table 4. Comparison Result of Performance Change
during Long-Term Operation of Low
Temperature(-20°C) and High
Temperature(50°C) (4S1P Experiment)

Temperature Initial 120hrs later | 240hrs later

Condition(C) |Cap(ah)| % |Cap(Ah)| % |Cap(ah)| %
50T 0.364 |100.0| 0.31 85.2 | 0.27 | 742
-20C 0.365 |100.0| 0.256 | 70.1 | 0.256 | 70.1
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Table 5. The Results of the High-Speed Charging and
Discharging Experiment

Check
Temperature condltlonPre-Pro 2 1.000]2.000]3.000 a.ftver
() cessing it's
over
Standard
Experimental| < rrent 0.33
conditions
(ah) Test | 15 1235|2323 23] 15
current
Capacity(Ah) 0.339 |0.332|0.304 | 0.29 |0.282| 0.29
Comparison(%) 100.0 {100.0| 91.4 | 87.2 | 85.0 | 85.4
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Table 6. The Results of the Heating Test by Charging
and Discharging Speed

C-rate 0.5C 1C 2C 4C 5C
Charging temperature(C) | 25.7 | 26.1 | 27.1 | 28.3 | 28.7
Discharge temperature(C) | 26.6 | 27.7 | 30.0 | 35.3 | 37.3
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Tunnel



2E AWAIEZIEY] AAIZE 3RH g3t IFEF 715S A duALdA) T 4 Hs 37
Voltage
13
12
11
10 4
0 4 B 12 16 20 24 2B 32 36 40 44 48 52 56 60
=—uc Hicd MiMH Time(M IN)
Voltage

QZJ\T 5

FedAdA

712 5t 3%9] we] 4g APL B
o] w2 oful AL s A

Al

fl:

e APkt F 971 F 8717t AHer S5k
& Gk, HiE R A Al FEA

Time(M I N)

—Uuc —Md

NiMiH

Fig. 12. Variations in Voltage and Amount of Power
Held by Battery

TAE 2§ AEo] 1 Mo R EAIT, The
o2 UzAylsgo) He) UAss H8 AEe] Eo|
obg ol wolgit}.

AR EE 7
7H HG30~962)] %

b

Al

_?_]

% e

15}
%]'o:lL:'ﬁ%

[e]

o] 753 |
| &==lo] Qb

=2

Table 7. Contents of the Field Demonstration Experiment

Category

Contents

Test environment

In Yeoncheon SOC Demonstration Research Center

Test period

2021. 9.5. ~ 2021. 12.31.

Distance indicator guidance lamp(4)

Lithium capacitor(2), Nickel cadmium(1), Nickel

Subject of test

Fire hydrant indicator(4)

hydrogen(1)

Emergency phone indicator(1)

Lithium capacitor(1)

Test contents

Normal operation comparison experiment: performance experiment, influence experiment according to ambient

temperature

loT-based monitoring experiment: Detecting and remote checking of battery and device abnormalities

Table 8. The Results of the On-Site Demonstration Test

Distance indicator guidance lights Fire hydrant indicator
Category

LIC NiCd NiMH LIC NiCd NiMH
Battery standard 10.8V 2.2Ah 12V 2Ah 12V 2Ah 10.8V 1.2Ah 12V 1Ah 12V 1Ah

First Test(9/7) 60min. 46min. 60min. 60min. 60min. 60min.

Second Test(10/27) 60min. 47min. 60min. 60min. 60min. 60min.

Third Test(10/28) 60min. 28min. 38min. 60min. 60min. 60min.
Recharge time after the 3rd round| 96min. 2,319min. 2,115min. 32min. 2,115min. 1,838min.
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