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Abstract: Lithium-ion capacitor (LIC), which combines the high power density of electric double-layer capacitors
(EDLC) and high energy density of lithium-ion battery (LIB), vastly suiting the condition demand of electric city bus,
energy-saving elevators and the tram, has attracted tremendous interests of researchers from both research institutes and
enterprises. Here in this paper, the current advances containing the operating principle, electrode material system and the
anode pre-doping technique of LIC are stated concisely. In addition, the self-developed novel LIC, reaching 20 Wh kg-1

or higher for energy density, is introduced as the power supply of pure electric city bus pilot application. The running case

as a result evidences that LIC has bright prospect when
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storing, which fulfills the whole course less than 20 km

communication management system, which could

prognosis the malfunction, thus improving safety;
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® progressive thermal management system, that the highest temperature of LIC cell is only 3~4 “C higher than that of

the ambient environment can withstand the test of sizzler.
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Fig. 1 Schematic of the work principles of lithium-ion capacitor
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Fig. 2 Typical charge/discharge profiles of the positive and negative electrodes of electrochemical double-layer capacitor (a) and lithium-ion capacitor (b) I
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Fig. 4 Cyclic voltammetry curve (a) and discharge curve (b) of LIC with different anode lithium pre-doping
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Fig. 5 Different lithium pre-doping ways: (a) patent of Fuji Heavy Industry, (b) patent of Samsung Electro-Mechanics, and (c) SLMP as Lithium source.
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Table 1 List of product parameters of revelant lithium-ion capacitor enterprises

\oltage Qualitative specific Volumetric specific Cycle
Company Capacity/F Resistance/mQ
window/V energy/Wh kg™ energy/Wh L life/time
JM Energy 2.2~3.8 2200 0.7(D.C.) 10 19 100 000
TAIYO
2.2~38 200 ~50(A.C.) 10 20 100 000
YUDEN
Aowei
25~38 9000 1.2(D.C) >20 >35 1000 000
Technology
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Table 2 Comparison on two kinds of electric buses

Item Li-ion battery Li-ion capacitor
Mode Energy storage for one day Energy storage for one way
Charging time 3~8h 3~10 min
Volume, m® 3 13
Weight, ton 3.4 0.6
Load, person 49 80
Life, year 2-3 8
Price, yuan 800 000 per set 550 000 per set

Centralized charging way;

Features of charging way

Distributed charging way;

Charging equipment established only at the beginning

Vast space and massive charging equipment;

and end station;

Severe ambient environment temperature.

Working temperature, 'C -5~40

Lower environment request.

-25~55
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Fig. 6 Schematic monitoring system on distributed Li-ion capacitors™*®
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Table 3 Comparison of annual operation cost in lithium-ion capacitor bus and diesel bus

ltem Li-ion capacitor bus Diesel bus Remark
Annual operating mileage, km 52 500 52 500 350 days per every year
12 tons for the vehicle weight (Air
Energy consumption 1.4 kWh/km 0.45 L/km
conditioning is included)
Energy cost Electricity / oil price 0.8 yuan/kWh 7.2 yuan/L Domestic industrial price

Annual electricity or oil price,

58 800 170 100 350 days per every year
yuan
5000yuan/10k km (power supply
Maintenance cost, yuan/10k system and after-sale cost are included,
10 000 5000
km data are from Shanghai Ba-Shi Public
Maintenance cost
Groups CO., LTD.)
Annual maintenance cost,
52 500 26 250 350 days per every year
yuan
Oil or electricity cost and maintenance
Total cost Annual operating cost, yuan 111 300 196 350

cost are included

RAFH THE THEAL BT EHERZL (20124E 129212 H £2201552 H 28 H) 11316 813 km
FEIL, I HZ S AR 126 28 B AT lRE 4y HIgE, B4R B T H S SR T 2 e S
M, HREAEA 2445 (4E19PBEL645) . Ll FEZL TRAR, PRSI N BH RS GOS0 T 10%,  JCH E B
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Table 4 Performance of lithium-ion capacitors city e-bus before and after running

Module serial Capacitance (F) Discharging energy (Wh) Alternating resistance (mQ)
number Beginning End Variation % Beginning End Variation % Beginning End Variation %
K2-07-01 5184 5321 103 911 870 95 2.80 3.14 112
K2-07-02 5207 5366 103 919 900 98 2.79 3.59 129
K2-07-03 5450 5275 97 937 862 92 2.83 3.14 111
K2-07-04 5178 5390 104 906 924 102 2.84 281 99
K2-07-05 5174 5413 105 910 902 99 2.83 3.02 107
K2-07-06 5271 5417 103 922 919 100 2.83 2.88 102
K2-07-07 5149 5231 102 902 854 95 2.78 3.02 109
K2-07-08 5471 5357 98 939 876 93 2.79 3.09 111
K2-07-09 5234 5424 104 917 887 97 2.83 3.08 109
K2-07-10 5435 5397 99 935 911 97 2.80 3.14 112
K2-07-11 5209 5406 104 912 910 100 2.82 297 105
K2-07-12 5464 5463 100 938 921 98 2.81 3.14 112
Average 5286 5372 102 921 895 97 281 3.09 110
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Fig. 8 Working temperature and voltage curves of Li-ion capacitor city

bus
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