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ABSTRACT Under mounting pressure to reduce carbon emission and fine dust, South Korea set a challenging 2030 target for
renewable generation. However, the rapid deployment of variable renewable generation undermines the reliability of the power
system and causes problems for stable electricity supply. In this study, we analyzed uncertainty and variability of a net load in 2030,
which is a key factor for a system operator to run a power system reliably. Two methodologies are applied to estimate the net load: the
2-stage ARMAX model and Monte Carlo simulation. The analysis showed that while spring and fall seasons have a serious duck curve
problem that significantly affects the base load, the duck curve problem was not significant in summer or winter due to high peak
demand. The duck curve problem, which is mainly caused by the variability of solar PV generation, creates a distinct problem by
generating a net load plunge of approximately 44% compared to the peak of net load. The uncertainty of renewable generation was a
relatively minor problem by having approximately 5% level of forecasting error compared to peak demand. In conclusion, policy

implications for the duck curve problem in 2030 are proposed.
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Table 1, 16 Solar PV farm information
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Table 2. 16 Wind farms information
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r?Lljtr?\ Site name ﬁxvns] ba(g):gag::ys csé%gi?tyegy r?l'}r?] n‘z’i:ﬁe 'rA]‘\L’JVnS] bagzgag;:y8 cchzec(ijtl;/let?y
plan (MW) 2030 (MW) plan (MW) 2030 (MW)

sl Seoul 108 73 488 wl Koseong 517 583 801

s2 Incheon 112 58 387 W2 Taegisan 525 340 467

s3 Daejon 133 30 201 w3 | Pyeongchang 526 574 788

s4 Daegu 143 51 344 w4 Samcheok 876 1017 1,397

s5 Kwangju 156 87 580 wH Youngyang 801 363 499

s6 Ulsan 152 21 140 w6 Kyeongju 859 507 696

s7 Busan 159 82 550 w7 | Youngkwang 769 271 372

s8 Keyonggi 119 263 1,754 w8 Youngheung 664 46 63

s9 KAngwon 101 224 1,493 w9 Hangwon 781 119 163

s10 Chungbuk 131 229 1,532 w10 Seongsan 792 94 129

si1 Chungnam 129 601 4,010 will Hanlim 779 217 298

s12 Jeonbuk 146 786 5,244 wl2 | Saemankeum 700 159 2,400

s13 Jeonnam 165 1,295 8,648 w13 Shinan 799 478 2,400

sl4 Kyeongbuk 136 663 4,425 wld Yeosu 931 - 2,400

s15 | Kyeongnam 255 342 2,286 wld Youngdeok 22106 339 2,400

s16 Jeju 184 217 1,447 wl6 Moseulpo 855 168 2,400

Fig. 1. Location of 16 solar PV farms
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Fig. 2. Location of 16 wind farms
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3. Radiation—temperature correlation table, 16 solar
farms
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Fig. 4. Wind speed—temperature correlation table, 16 wind
farms
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Fig. 5. Radiation—wind speed correlation table, 16 solar PV
farms and 16 wind farms
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Eq 1, 2—stage ARMAX: Radiation

Stage 1: OLS part

log(radiation, ; +1) = 3, ,8,dc, + Bycdd, ; + Bshdd, ; + v, ,

1) Auto Regressive and Moving Average with exogenous variables
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Stage 2: ARMA part
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Eq 2. 2—stage ARMAX: Wind Speed
Stage 1. OLS part

log(wind, ; +1) = By, Bicy, +Bysy, +Bscy2, +B,sy2,

+ Bsed, + Bgsd, + Bred2, + Bgsd2,
+Bycdd; , + Byohdd, ; +v;

Stage 2: ARMA part
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Fig. 6. 1000 Forecasting profiles of solar PV generation
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=}
=)

=
0

Wind Power Rate (%)

=
e

0.2

0 I L
o 5 10 15 pra]
Hour

Fig. 9. 5 Representative profiles of wind generation
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Table 3. R? of Statistics Models for 16 solar PV farms

Site num Solar farms A?Sjtjasézdﬁ g P(zte:;; 52
sl Seoul 0.7680 0.9540
s2 Incheon 0.7728 0.9613
s3 Daejon 0.7941 0.9532
s4 Daegu 0.8019 0.9560
sb Kwangju 0.7778 0,9518
s6 Ulsan 0.7170 0.9565
s7 Busan 0.7756 0.9585
s8 Keyonggi 0,7840 0,9584
s9 KAngwon 0.7928 0.9558

s10 Chungbuk 0.7911 0.9530
sl1 Chungnam 0.7665 0.9541
s12 Jeonbuk 0.7759 0.9503
s13 Jeonnam 0.7620 0.9544
sl4 Kyeongbuk 0.8079 0,9595
s15 Kyeongnam 0.7849 0.9541
s16 Jeju 0.7195 0.9501

var (stage 2 WINR)

P =1
2) Pseudo It var (dependent variable)
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Table 4. R® of statistics models for 16 wind farms

Table 6. Estimation results of wind farm 1 (Koseong)

Site S Adjusted R® | Pseudo R’ 2-stage ARMAX Estimation Results

LU (stage 1) | (stage 2) stage 1: OLS stage 2: ARIMA

wl Koseong 0.2291 0.5529 Variables | Coefficient| t—statistics | Variables | Coefficient | t—statistics
w2 Taegisan 0.3672 0.7599 constant| 10251 | 173,98 MU |0.0002955| 0.04
w3 Pyeongchang 0.3798 0.6449 cy 0.18887 | 25.06 MA1 0.40147 41,62
w4 Samcheok 0.2015 0.5467 sy 010811 | 26,76 MA2 | 0,09446 12.3
w5 Youngyang 0.2892 0.6150 cy 2 |-0.02855| —8.34 MA3 0.0402 5,54
w6 Kyeongju 0.1991 0.5839 sy 2 |-005761| -1691 | MA4 | 0,02818 3.96
w7 Youngkwang 0.2046 0.7493 ch |-0.15239| -4583 | MA5 | 0.03156 455
w8 Youngheung 0.0790 0.7348 sh —0,08837 —26.1 AR1 0.9046 122.9
w9 Hangwon 0.1752 0.7887 ch 2 0.021 6.76 AR24 | 006289 | 10,15
w10 Seongsan 0.1836 0.7192 sh 2 0.0982 31.48

wil Hanlim 0.1804 0.7791 cddl | 0.02663 | 24,39

w12 | Saemankeum (offshore) 0.1431 0.7831 hddl | -0.00939| —12.89

i3 Shinan (offshore) 0.0323 0.6588 Adjusted R’ : 0,229134 Pseudo R’ : 0,55285

wl4 Yeosu (offshore) 0.1091 0.6485

wl5 Youngdeok (offshore) 0.1561 0.7844 1, 23, 24818 NG} Stage 17} stage 22 BE A
wl6 Moseulpo (offshore) 0.2276 0.7952 HosSo] EA 70 R Q.0ghe of 2 9t}

2Rt X Yt} Stage 19 AW oF 30% 59|
31, stage 271R|Q] AL oF 75% 0|t} ol F&
o] gAY olko] AART B Wol] SRR

F4:0] SIS AABIE So] Aalepuch ol et e 1
olzth,

Table 5= gL X7 &= A WA 272l A&X]H9]
Arleg erEwy 2 AN BolErh YNNG myo
Al ARMA 219 MA 321, 2, 3 35 3L, AR
Table 5. Estimation results of solar PV farm 1 (Seoul)

2—stage ARMAX Estimation Results
stage 1: OLS stage 2: ARIMA
Variables | Coefficient | t—statistics | Variables | Coefficient | t—statistics
constant | 0,02834 11.09 mu 1.45E-05 0

dally | 4goa3 | 265.85 | MA1 |-0.34041| —34.82

cycle

cdd 0.01423 36.29 MA 2 |-0.16010 | -16.21

hdd —0.00122 —6.68 MA 3 |—0.06050 | —7.49

AR1 0.72454 92.46

AR 23 | 0.14544 23.77

AR 24 | 0.23966 39.9

Adjusted R : 0,767961 Pseudo R” : 0,954012
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Fig. 10. Estimated net demand of wind generation and solar PV generation
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Fig. 11. Net demand patterns of four seasons in 2030
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