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SUMMARY

The fluctuation of the output power generated from wind farms connected
to Jeju power grid will be able to make effects at the power quality and
stability. To solve the matter, many researchers have proposed the usage of
the EES(Electric Energy Storage) in the wind farm.

In this paper, The EES is applied to each wind farms for mitigating the
fluctuation of the output power generated from wind farms. The EES is
controlled for smoothing the output power of wind farms.

To verify the effectiveness of the proposed method, two kinds of simulation
will be carried out:

1) The simulation results by using PSCAD/EMTDC simulation program are
compared to the measured data from the real power grid in Jeju Island.

2) The second simulation is to analyze the output power generated from
wind farms when the EES is connected to the grid.

Without the EES, the fluctuation rate per minute of the output power
generated from wind farms is about 14.4%. It is larger than the fluctuation
rate of 1096 which has been noticed by Grid Standard of renewable generator.
In case of applying the EES, the fluctuation rate of the output power
generated from wind farms is reduced to 12.7% which has about 1.79%
improvement. However, it also does not meet the Grid Standard of renewable
generator.

Finally, to satisfy the Grid Standard of renewable generator, it is effective
to estimate the capacity of the EES which applies larger than 109 capacity

of wind forms
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Table 1 Capacity of power generation in Jeju Island

[ MW]
Capacity Availability
Jeju TP #2 75 79
Jeju TP #3 75 79
Jeju DP #1 40 40
Jeju DP #2 40 40
Jeju GT #3 55 45
Namjeju TP #1 100 103
Namjeju TP #2 100 103
Hallim CC 105 102
Sub-Total 590 591
Wind farm 110.7 245
HVDC #1 - 150
HVDC #2 - 100
Total 700.7 865.5
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Capacity
(MW)
15 (15EA)
21 (9EA)
10 (15EA)
33 (11EA)
20 (10EA)
1.7 (2EA)
1.5 (2EA)
2 (1EA)
6.5 (3EA)
110.7

Table 2 Capacity of Wind farms in Jeju Island
Samdal Wind Farm
Total

Gasiri Wind Farm
Hangeong Wind Farm

Hangwon Wind Farm
Seongsan Wind Farm
Sinchang Wind Farm
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3) EES = d¥

EESe] +A4& vjE gl ¢t PCS(Power Conditioning System)® TA® Tt & =
£ mMyg 222 Li-ion battery®] #713ts2 5A4& agste] #3202
veE 7] $18l Shepherd nonlinear battery modelS #-&3lo] w3k 7pdH A<t
st AFoR PG om PCS REe f-Fade e Aojvt bed MFd
o % srkstete] REHsA wiE 2o HAAFY
Zol 8 & 4 Aok [17][18].

e @ b gen(— (4)
a K O—it it — Ri+ A exp(— Bit)
o] 7] A,
Vbat Battery voltage [V]
E, Battery constant voltage [V]
K - Polarization voltage [V/Ah]
Q : Battery capacity [Ah]
A : Exponential zone amplitude [V]
B Exponential zone time constant inverse [Ah']
R Internal resistance [R]
i Leakage current [A]
t
t= idt Actual battery charge [Ah]

Li-ion battery: PanasonicAte] CGR 1750098 EA4S AH&stgdow, wE g
AL Table 49} vt AAHMYG 2 &2 717 36 V, 830 mAholar o #
4 2 HAFE 4.2 V, 550 mAe]t} [19].

Table 4 Specifications of CGR 17500

Nominal Voltage 36V
Standard Capacity 830 mAh
Diameter 16.9 +0/-0.7 mm
Dimensions Height 49.6 +0/1.0 mm
Weight Approx. 25 g
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Fig. 19 Comparing of output power of Gasiri wind farm with/without EES
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Table 5 Gasiri wind farm

Power fluctuation
(%)
Without EES 14.8
With EES 12.7
2) 7 STHEATEH
Fig. 202 374 THTAGER o] 83 EESE 94 Al @4 &85 yepdg
FAAEH Y GA =94 me; EESY ol YA F-w el i AlFdd ¥usEE
AEHo] HEA3lE = A4S 4 4 ) Table 62 37 FHUdAdEXx o B =
g HEES BT EESE 48 Al HeE2 9 1.8% /MAEAG
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Fig. 20 Comparing of output power of Hangeong wind farm with/without EES
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Table 6 Hangeong wind farm

Power fluctuation
(%)
Without EES 6.7
With EES 49
3) d FHTHAGEA
Fig. 212 g FEdAGEA 9] F2€3 EESE A7 A &4 &3S yehdo
A=Y GA E9o we} EESe olyx] o] Ha AlFdd daEHe 3§
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i
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8.0
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Fig. 21 Comparing of output power of Hangwon wind farm with/without EES
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Table 7 Hangwon wind farm

Power fluctuation
(%)
Without EES 4.8
With EES 3.1
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Fig. 22 Comparing of output power of Samdal wind farm with/without EES
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Table 8 Samdal wind farm

Power fluctuation
(%)
Without EES 145
With EES 12.2
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Fig. 23 Comparing of output power of Seongsan wind farm with/without EES

_25_



Table 9 Seongsan wind farm

Power fluctuation

(%)
Without EES 4.9
With EES 3.2
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Fig. 27 The SOC variation of EES in case of connecting east wind farm
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