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Improvement of Battery Charging Efficiency of ESS for Wind Power
Application Using DC-AC Hybrid Charging Pattern

Jong-Hak Lee' and Seung-Ho SongT

Abstract

Increased fossil fuel consumption causes global warming, environmental pollution, and abnormal climate
change. Wind-generated power installation is proposed to solve this problem. Recently, the wind power plant

construction case encourages the
intermittency of wind power. The maximized ESS
generated in the simplest operation pattern of charging

installation of the energy storage system (ESS) to

improve the
operation profits connected to wind power are not
at night and discharging at day. The battery charging

efficiency improvement should be considered to get more profits. Thus, there is a possibility of increasing
ESS operation profits by analyzing the battery AC and DC charging/discharging efficiency and the yearly
average sealed maintenance free (SMP) in hours. In this paper, the battery impedance characteristic, AC and
DC charging/discharging efficiency, and the yearly average SMP are analyzed. The operation scenario to
improve the ESS battery charging efficiency connected to wind power is proposed and verified via simulation.
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TABLE 1
THE DOMESTIC SEASONAL MAXIMUM LOAD TIME
NOTICED THE GOVERNMENT

Maximum Load Time

Items
Mainland JeJu
Spring Season 09~12 19~22
Summer Season 13~17 13~15, 19~21
Fall Season 18~21 18~21
Winter Season 09~12 18~21
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Fig. 2. The monthly average SMP ratio.
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Fig. 3. Max/min/average SMP ratio per year.
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Fig. 4. The development patterns of renewable energy
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Fig. 5. The impedance equivalent circuit of battery.

2 gom dATHAE LNG 2 sEabd 7]k 1)
371 wiel Featdy BEas A A wAddEs
wol ol Bty T8 wHe HRSIA] HAH
o] wol d¥ AHgo] &olsta WA FHAAFe] 7HF
s 8 AL g8HoF o83y Y3l ESSTF
d5Aoln E8 dA & ESSE 937 Y3t x1o
2 SMPE 3

of Wiglg|E FHstefol o s
< 3AFH 7TA7HA wEEE S s
i REC 7FAlE AUz 227] 918 AdE g F
SHA kel Wdske] FEEA L] oo Hujstd 5 9l

Al wiE e o) SHEES
Aoz & 4 glojoF Ik

=
B

o 2 o
fo

a9 4e AFAQL wiEY duds FFs| R 1
5 S UERA Aol
Ao aeE 9l

, A713}8H4 o]

%% (Electrochemical Double Layer) ® =32 o]%5(Mass

Transport) @4 5o] F3k tje] wet 22k Yeh
%E}_[S].

rlr
=
)
o
o
UO
&
)
[
[
)
[t
s
i

3.2 tielg] AC &H®o| wWE &

I 62 2% wiEg] A9 SOC(State of Charge)®
e AC 9uuze] A7]5 vebd Aot a1 6
A & g ko] FId wel QEdse] Av]=

N
waleity, 15 99 1kHzolA 500Hz7HA+= =7]7}
AadteE FAE HolW, 500HzOlA  AFI 99

001HzZ Z4E Adudx A7|7F Aoz Z7h8i=
A& & F Yok S0Ce] Wate] w Avdrt F
e @A AAHeR wasel ke A fAb
sk olel sk AC Yuldai AR Aol g 5
o o Mg FAE 2tenP

2v Faad (74 Agd AC 1 A

i

32

2y 2k
30 W
Mo ot e

ol
iin
K
(o}
=
Al
[>
1o,
U
N

of¢ 3L 1o

[

ol

-0.02
Effect of charge Transfer and
electrochemical double layer H
| f UD 1mHz
-0.01 - ﬁﬂjEF
=
N
0 = 3 |
I > 10kHz Effect of mass transport
Effect of Inductance
0.01 L 1 L L L I L
0.08 0.09 0.10 0.1 0.12

Re Z [Q]

Fig. 6. The impedance spectrum of battery.
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Fig. 7. The impedance magnitude of lithium battery.

TABLE I
THE EFFICIENCY OF BATTERY CHARGED
BY DIFFERENT CHARGING METHODS

Charging Methods Efficiency
1kHz Ripple 99.0%
100Hz Ripple 98.6%
1Hz Ripple 98.4%

CC-CV 97.0%
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Fig. 8 The current profile of DC charging current.
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Fig. 9. The battery resistance by charging current(R;).
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Fig. 10. The battery resistance by charging current(Rg).

TABLE I
THE EFFICIENCY OF BATTERY CHARGED BY
DIFFERENT CHARGING CURRENT

Chargi
Cj;gelz'tg Energy Energy Charging
Loss[Wh] Loss[%] Efficiency[%]
[C-rate]
0.33 0.23 0.42 99.58
05 0.33 90.60 99.40
1 0.64 115 98.85
2 1.19 2.14 97.86
3 1.68 3.03 96.97
4 2.12 382 9%.18
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Fig. 11. The sample profile of charging voltage/current.
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Fig. 12. The sample charging/discharging profile of ESS
with wind power considering SMP.
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TABLE IV
SPECIFICATIONS OF SIMULATION

Ttems Specification
Wind Power SMW
PCS Power 2MW

Battery Capacity 3MWh
Battery Voltage 610V ~ 820V
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Fig. 13. Simulation waveform of 14-03-30.
(#1 : proposed method, #2 : conventional method)
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Fig. 14. Simulation waveform of 14-04-30.
(#1 : proposed method, #2 : conventional method)
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Fig. 15. The charging/discharging loss of conventional
method and proposed method.
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