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ABSTRACT The number of wind farms in Korea is expected to increase due to the pressure of the post-2020 climate targets.
However, this may result in some difficulties for the operation and expansion planning of our power system, due to the characteristics
of wind energy, such as its intermittency and non-dispatchability. Generally, a decrease in these characteristics is called the
‘smoothing effect’. In this study, the smoothing effect is defined as a decrease in the variability of the power output. it is well known
that the variability of the power output from wind farms is reduced when more wind farms are integrated into the system. A
quantitative analysis of the smoothing effect is necessary to predict the variability of wind energy and this can help the power system
to be operated or planned more efficiently. In this study, the methodologies of previous studies were applied to 6 wind farms in Korea.
As aresult, it was found that the smoothing effect in spring and winter was more effective than that in summer and fall and increased
with increasing distance between the wind farms. The expected variability obtained from the equation estimated using the quantitative
analysis of the smoothing effect was analogous to the variability of the aggregate power output from the entire wind farms in the
power system.

Key words Wind power production(3 2 o] 1] 2| A AF), Wind variations(2}2F ¥ %5 4]), Smoothing effect(%H & & 7}), Fluctuating
production(H 52 A4

Nomenclature ey : mean for wind power output of wind farm
0,
P,, :wind power output of wind farm x at hour 7, MV x, %
» . . o, : standard deviation of wind power output of
P, ., : installed capacity of wind farm x, MV e )
p,; :relative wind power output of wind farm x at winc farmx, 7o
hour i. % O omnined - Standard deviation of aggregated wind power
our i, %
o
r,, - correlation between the wind power outputs of output, %
wind farms x and y
subscript
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The name of | Total capacity | The location of wind i
Number )
wind farms (kw) farms
22,000 South Korea
Bef
Youngheung (Before Yeongheung—myeon, i
. 2013.06.30,) = *5
1 wind farms Ongjin—gun, w2
46,000 &
(2 farms) ’ Incheon
(Since
2013,07.01,)
Seongsan Seongsan—eup, =i ‘6
2 wind farm 20,000 Seogwipo—si, 2
2 f Jeju—d
(2 farms) qurdo Fig. 1. The location of wind farms
h —
3 (‘Tangwon 98,000 Pyeongchang—gun,
wind farm Gangwon—do
Table 2, Distances between wind farms (Km)
Tacgisan Hoengseong—gun/
4 acet 40,000 Pyeongchang—gun, 1 2 3 4 5 6
wind farm
Gangwon—do 1 - 4242 | 2065 | 163.5 | 309.2 | 410.4
. Gyeongju 6500 GMZ(;TITh_aIii 2 - — | 5049 | 479 | 3459 | 14,52
wind farm : yeongust, 3 - - - | 432 | 2265 | 4941
Gyeongsangbuk—do
4 - - - - 2279 | 4674
Woljeong Woljeong—ri, : :
6 offshore 5,000 Gujwa—eup, Jeju—si, 5 - ~ - — — 339.6
wind farm Jeju—do 6 - - - - - -
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Table 3. Statistics of wind farms' normalized generation for
2013-2015

1 2 8 4 5 6 Total

Mean (%) | 12,5 | 26.2 | 26.2 | 23.8 | 24.5 | 83 | 22,7

sd (% |19.2|27.8]300|260|27.3| 9.9 |20.5

Cov 1.5 11 11 11 11 1.2 | 0.9

Median (%) | 85 | 154 | 11.6 | 136 | 133 | 3.6 | 16.0

Max (%) | 95.8 | 99.3 | 97.3 | 98.1 |100.1| 29.4 | 85.7

Min (%) 00 00| 000071 00]|00] 00
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Table 4. Seasonal statistics of wind farms' normalized 9] cOVe] 79
generation for 2013—-2015

1 2 8 4 ) 6 |Total
Mean (%) | 14.528.8|31.7|28.0/26.0| 8.5 | 26.8

Spring | s.d. (%) |21.2|29.6]31.8]26.7]26.5] 9.6 | 21.0 2, o5, 7k, AS NEER 67 A Ee] s
cov |[15[10|10|10|10]|11]08 L5 Tsto] HA| §FoR ‘%L A& WhdEre] Hatol
Mean (%) | 7.5 |15.3|19.418.0(14.0| 4.0 | 15,6 7+ 26.83%, 15.64%, 18.77%, 29.58%=, A& A2
Summer | s.d. (%) |12.6[20.5|26.8(23.6|18.9| 6.5 | 17.6 HEAEES. B A Qo] =11 o2 18] AX|HOE ko A
cov |17 |13|14|13]|14]16]|11 _ )

Mean (%) | 11.4 [22.4]20.2(21.9|22.1| 8.8 | 18.8 sEF gil:}, FEAAE v o°k:°@£; o= 7%01]
Fall | s.d. (%) |18.1]23.9(26.3|26.8(26.1| 9.7 |18.8 AL Azl =t We] COV g2 2818 = A&l
cov |16 |11 |13|12]12|11]10 S oF 7hEo] w2 S HQlt) o= oF 7R
Mean (%) | 16,6 | 38.4|33.4|27.6|36.3|12.2 | 29.6 HFA ko] AF 202 U} A7) HALo & Bt dhEek|

Winter | s.d. (%) [22.3]80.6|31,9|253|31.6|11.3|21.2 H]a] HEAo] Lo Aow B 2 Qi)

Cov 131081010909 |09/|07
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