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Abstract: Renewable energy sources such as solar, wind and hydro provides utilizing renewable power
and reduce the using fossil fuels. On the other hand, it is too critical to apply power system due to the
intermittent nature of renewable energy sources, the continuous fluctuations of the power load, and the
storage with high energy density. Energy storage system, including pumped-hyvdroelectric energy storage,
compressed-air energy storage, superconducting magnetic energy storage, and electrochemical devices like
batteries, supercapacitors and others have shown that solve some of the challenges. In this paper, we
review the current state of applications of energy storage svstems, and atomic laver deposition

technology, graphene materials on the energy storage systems and processes.
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Table 1. Global energy consumption.

J. KIEEME, Vol. 27, No. 7, pp. 417-427, July 2014: K.-]. Heo et al.

Energy use

Energy use by

Projected energy

Region (in TW) Population in 2007 region )
per person (in TW) for 2007 need ‘n. TW)
Africa 0.05333x10 ® 945,914,290 50.44%10 5.0
Australia 0.98669<10 ° 20,749,630 20.47%10 * 92.7
Brazil 01746610 " 193,918,580 33.87%107° 16.4
Canada 1.39603%10 32,935,960 459810 * 131.2
Chile 0.23675%10 " 16,303,850 3.850%10 7 22.3
China 0.19680%10 " 1,321,851.890 260.1%10 185
Equatorial Guinea 0.32137x10 © 549,760 1927%10 ° 30.2
France 0.58804x10 ° 63,714,450 37.47=10 " 55.3
Germany 0.57178%10 ° 82,401,000 47.36%10 7 54.0
Iceland 2.21873%10 % 301,930 0.6699x10 ° 208.6
India 0.05679%10 ° 1.124,134.800 63.84x10 7 5.3
Ttaly 0.45795%10 ° 58,177,200 26.64%10 ° 43.0
Japan 0.5896010 * 127,433,490 75.13%10 7 55.4
Malaysia 0.3247810 " 24,835,240 806610 305
Norway 1.38557x10 © 4627930 6412210 7 130.2
Russia 0.71784x10 141,377,750 101.5%10° 67.5
Singapore 1.6834610 4,553,010 7.665%10 * 1582
Spain 0.55106<10 " 40,448,190 22.29x10 * 51.8
Sweden 0.83360%10 ° 9,031,090 7.528%10 " 784
United Kingdom 0.52041%10 ° 60,776,240 31.63%10° 489
Turkey 01932010 ° 74,767,840 14.45%10 ° 18.2
United States 11269110 " 301,290,330 339.5%10 7 1059
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Table 2. ESS application areas,

Table 3. Type and characteristics of ESS,

Applications Expected Effects Technology Advantage Disadvantage
Renewable . Large storage, Geography,
ower auality manaceme PHES 5
energy  power Fesver/quahiy mfiﬂclg(..ﬂ‘ll.l‘lt low cost public_acceptance
.1. s Peak load reduction CAES Large storage, Geography,
statio .
- Power quality management low cost public acceptance
Industry _ Peak Ioad re.duction Flywheels High power Low energy density
Small and Uninterruptible power supply SMES High power Low energy density
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Power stai Power quality management Lead Acid  Low cost _ Limited life time
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2.1.1 PHES (pumped-hydroelectric energy storage)
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Fig. 1. Principles of PHES development and storage.
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2.1.2 CAES (compressed-air energy storage)
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Fig. 2. Electricity generation system using air flow.
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2.2.2 SMES (superconducting magnetic energy
storage)
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2.3.1 Li-ion battery
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Table 4. Characteristics of major battery technology.
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Lead—acid - i . B L .
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Fig. 4. Schematics of Li
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— M'Fx + xe-

Fig. 5. FIB based ESS mechanism model.
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2.3.3 Super capacitors

F# 8vko]

8- —,I

3 7fH A E (super capacitor)=
AN A E 2 =t A A E (ultra capacitor) s
% 3, 9 AAfAEE d53 AdfE AHoR
o] o] & &F F& Feytgoel o FHALS ol &
gho), olE| g mAYFS w2 WA &g, T FA
Al kg A%l AlolF S 7HedHAl g

Activated carbon Currem Cu!lector Activated carbon

Electrode
v applled
:Electrolytz :Electmlyt;

Electric double layer (several A-nm)

Wo+wl

Potential before charging Patential after charging

Fig. 6. Charge and discharge mechanism of EDLC.
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‘." TMA (Trimethy! aluminium) &  Methane (CH1)

\ .a.v"’.
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Fig. 7. Scheme of atomic layer deposition by using AbO;
ALD.
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