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Abstract

As part of the “Carbon free Island 2030” policy, the local government of Jeju Island is currently
working to reduce carbon through renewable energy supply. However, renewable energy is
difficult to predict due to intermittent characteristics. If the share of renewable energy increase,
it is difficult to plan of supply of electricity to grid due to that characteristic of renewable. In this
paper analyze the fluctuation rate and the capacity credit of wind power and PV to find out how
much wind power and PV contribute to supply of electricity of power system in Jeju. As a result
mean value of variation rate of wind power and PV is about 3%, 5% and capacity credit is about
10% and 2% respectively.

Keywords: 5227 (Wind Power), Bl g4 7 (Photovoltaic Power), H-3-&(Penetration),
1] 3 7] & (Peak Load Contribution), 8% & (Capacity Credit), 259 & 7 Smoothing
Effect), ¥1-5-&(Variation Rate), 2 A-5(Power System)
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Table 1 Supply of electricity facility

Facility Installed capacity (MW) Capacity rate (%)
HVDC 400 40
Thermal 350 35
Internal combustion 80
Gas turbine 55 6
Combine 105 11
Total 990 100
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Table 2 Demand in Jeju (2014~2017.08)

Demand
Year Product (GWh) Increasing rate (%) Peak (kW) Increasing rate (%)
2014 4,580 - 756,517 -
2015 4,791 4.6 762,266 6.6
2016 5,112 6.7 839,685 10.2
2017.08 3,635 - 921,479 9.7
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Table 32 AlF-A 4 2] F8 B HFFe] A& L A o=, 20174 8E7kA] Fd7d o] dul-g-att
B o] Adul8sk2 267 MW, 103 MWo[tt, g2 o] Adul-87k2 20158 =2t 2016 o]l ZF2F oF
62 MW, 52 MW 7}t o, el o] Aul-aake 2015 et 20161 ofl ZH2F oF 24 MW/, 30 MW
S7FoEd

Table 3 Installed capacity of wind power & PV

Source 2014 2015
Wind power 152 (MW) 216 (MW)
PV 49 (MW) 73 (MW)

A 9] ST S ADHHE R ©F 267 MW, 103 MW 9] e=olu, A2 “Carbon free Island
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Table 4 Penetration ratio of wind power & PV in Jeju_Yearly

Demand Wind power PV
Year . .
(GWh) Product (GWh) Penetration (%) Product (GWh) Penetration (%)
2014 4,609 262 5.7 30 0.7
2015 4,822 322 6.7 74 1.5
2016 5,128 405 7.9 89 1.7

Table 5= ¥ 3 L] ARE B Fra< el 2122, 20158 A2 2016E A= 25

T HfrEe] 10% oVl =2 ol|A] Hr-as Bolw, dulgafe] Sl what AAgeld =< oluiz]

Table 5 Penetration of wind power & PV in Jeju_Seasonal

Demand Wind power PV
Year  Season(month) . ) ) )
(GWh) Product (GWh)  Penetration ratio (%)  Product (GWh)  Penetration ratio (%)
Spring (3, 4, 5) 1,145 68.6 6.0 6.8 0.6
il Summer (6, 7, 8) 1,110 38.7 3.5 7.4 0.7
Fall (9, 10, 11) 1,068 57.9 5.4 11.4 1.1
Winter (1, 2, 12) 1,284 96.9 7.5 4.8 0.4
Spring (3, 4, 5) 1,195 69.3 5.8 20.8 1.7
015 Summer (6, 7, 8) 1,177 443 3.8 20.6 1.7
Fall (9, 10, 11) 1,115 74.9 6.7 20.5 1.8
Winter (1, 2, 12) 1,333 133.7 10.0 12.3 0.9
Spring (3, 4, 5) 1,219 87.4 7.2 28.1 2.3
il Summer (6, 7, 8) 1,334 49.6 3.7 26.0 1.9
Fall (9, 10, 11) 1,174 101.5 8.6 18.4 1.6
Winter (1, 2, 12) 1,398 166.4 11.9 16.7 1.2

3.2 34 Y EfYE| I 3|0

A o TZAE ThE A ke Da) Ak AUAIZE F Mo Uehd A7 14415 15
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Table 6 Peak load contribution of wind power &PV (19 h~21 h) (Unit : %)
Month 2014 2015 2016
Wind power PV Wind power PV Wind power PV
Jan. 9.7 0.0 9.3 0 5.9 0
Feb. 11.6 0.0 8.9 0 6.1 0
Mar. 8.1 0.0 49 0 7.2 0
Apr. 5.6 0.0 5.2 0 4.7 0
May. 4.7 0.0 42 0 43 0
Jun. 3.6 0.0 3.1 0 2.0 0
Jul. 3.3 0.2 4.0 0.2 2.6 0.1
Aug. 34 0.1 3.1 0.1 3.7 0
Sep. 42 0.0 5.1 0.0 3.6 0
Oct. 8.8 0.0 5.5 0.0 5.3 0
Nov. 11.6 0.0 6.6 0.0 5.5 0
Dec. 13.9 0.0 8.3 0.0 7.8 0
Table 7 Peak Load Contribution of Wind Power &PV (14 h~15 h) (Unit : %)
Month 2014 2015 2016
Wind Power PV Wind Power PV Wind Power PV
Jan. 10.6 2.9 11.2 3.3 8.2 0.9
Feb. 14.4 5.8 11.2 3.7 72 0.9
Mar. 9.7 7.1 6.4 52 8.7 1.5
Apr. 7.3 6.8 4.8 4.8 6.5 1.8
May. 43 7.1 3.7 6.6 5.8 2.3
Jun. 4.8 43 35 42 2.8 1.9
Jul. 4.4 4.4 4.7 4.8 3.1 1.6
Aug. 4.8 5.4 3.3 4.5 4.6 1.7
Sep. 4.8 4.6 5.4 5.9 3.8 2.6
Oct. 9.1 4.1 7.5 7.5 7.1 3.8
Nov. 11.8 5.5 8.1 3.3 6.2 3.6
Dec. 12.9 5.1 10.2 3.6 9.5 2.5

Table 72 AlFA S o] b m]ZARE Q] 14AFE 15A171A] F-2i3 e orde] 1272 vehd Zlolot. 59

Journal of the Korean Solar Energy Society Vol. 38, No. 1, 2018 17



el ] =2l

& AGu]Z A HRI7 R = AR o] wol UERke 2o & Uedt. Belgo] 79 W AREe] 1]=27]
0] 739 3} 5G| 7% oF o] =7 w=E Holar glo; FEof| vl W2 m=r]efwE Kol girk
Fig. 1-2 F22x} e gl o)) Azt 3 7)o s et Qlok. $22 2014 5.51%0114 20164
7.81%= 57V, B S o] 27|19 1.05%14 2016 9% 2.64%= 57 5HTh
A m =27 ol e AegALolA SEEHIE Aokt ol A xR ARSE AL Qlon, et 0=

7)ofz0] 2492 Eale] FAu] A2 A Theg 2] Ao Qg 2E athEAES 9k 4 g Folck

9.00%

8.00%

7.00%

6.00%

5.00%

4.00%

3.00%

2.00%

1.00%

0.00%

2014 2015 2016

Fig. 1 Trend of yearly peak contribution

3.3 33 L EfjQrae| 22K 12| (Capacity Credit)
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Table 8 Method of estimation for capacity credit
Power company Method
ERCOT Peak period (16:00~18:00, July~ Aug.)
PIM Peak period (15:00~19:00, July~ Aug.)
MAPP Montly peak time : standard 4 hour
Idaho power 16:00~20:00, July
PSE and Avista 20% Rated capacity or 2/3 of capacity rate in Jenuary
SPP Top10 of monty load
Table 9 Capacity credit of wind power & PV (Unit:%)
2014 2015 2016
Source Season (month) ) . )
Credit CF Credit CF Credit CF
Spring (3, 4, 5) 54 20.4 5.2 19.8 6.4 18
) Summer (6, 7, 8) 3.1 11.5 33 9.2 33 10.3
Wind power
Fall (9, 10, 11) 4.6 17.4 5.7 15.7 6.6 17.2
Winter (1, 2, 12) 8.1 30.5 10 38.2 11.1 36.1
Spring (3, 4, 5) 0.5 6.2 1.6 12.8 2.1 12.3
PV Summer (6, 7, 8) 0.6 16.9 1.6 12.8 1.7 11.4
Fall (9, 10, 11) 0.9 10.7 1.6 12.9 1.2 8.2
Winter (1, 2, 12) 0.5 53 1.0 7.9 1.1 7.6
AR = Aol 2o ofEsto] SdFALA7I= Ee g A AUl 8ERtEe] E2S
71 glof o AH[E o & s |ofl= ofgfzo] Wt et A | A7 Z a8 Al AutihE: 7]
2 312 QeAE U SR} 2 4o] Sk ofH 2l APsked] mgo] B Zlolcp.
3.4 38 YEjYH| 2SS
AAPPOIIA ) TFBHE HG-80] Bobdrs AT SPYES 292 9I5to] B Tefslolof sk i
o]c}. 78291 o le] ©Jste] Zto] B3| FAsPIL Z7KIc 7|20 /1S Sate] Zeusol
et 3-8 sfioF gt SRR AV 2] o] H-5-Eof| thieh A&t &0l o 7] wiZol Als-2] =l of
2ol T 4= Qi
- AN EH kW) — AA Y EH (kW)
Table 102 34 F<10] A 219} 2 A8 He) 4 - 51 SLAFEL e 208, 98z 2] o}
2 2] 4 - ol 22552 Kol Qi
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Table 10 Peak Variation Rate of Wind Power In Jeju_2014-2016

North East West South East Total
Year  Variation Rate Variation Rate Variation Rate Variation Rate Variation
(%) (MW) (%) (MW) (%) (MW) (%) (MW)
14 Upward 51 20 29 15 50 38 16 49
Downward 64 16 63 16 56 37 18 43
05 Upward 68 30 53 14 50 56 36 64
Downward 52 31 57 13 57 49 41 79
6 Upward 30 36 82 36 48 56 32 86
Downward 39 29 54 22 58 47 35 76

Fig. 2= 225 5] %2 ek Zlolc}, dis-2o] ¥E5o] 0~10% Aolol] 501910, Table 100] 1}
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Distribution of Variation in jeju_2016

S

-50 -40 -30 -20 -10 0 10 20 30 40 50
-=Total —South East West —North East

Fig. 2 Distribution variation of wind power

Table 11 Mean variation rate of wind power in Jeju_2014-2016 (Unit : %)

Year Variation North East West South East Total
14 Upward 7.0 8.6 7.5 4.8
Downward -3.7 -5.1 -4.8 23

s Upward 5.0 5.1 4.8 3.7
Downward -4.6 -4.7 -4.6 -3.6

6 Upward 2.5 4.5 4.6 2.7
Downward -2.7 -4.2 -4.7 2.7

webd Slo] MEE HEE uIgsle] /0Azte] AF Ao A WE S| WA)S 7518 Table 11
7} o] W5 Bo| @A) WolAl 222 4= Gl Fig, 304 B FRLAVA} AGH 02 WA HAGE
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Fig. 3 Smoothing effect

Table 123 33709] AFAGS] A FeIA PLAL] WEES L Zlolet. 20141
201697H21°] 52 B o] Au|gako] Zjo] ofgh W Weke 24 glovk, Fot ejope] ws

[¢]
o] FAAH HEEC] fasto] LAY gL o] A7 d avE £ 4 Q.

Table 12 variation rate of wind power & PV (Unit:%)
Source 2014 2015 2016
Wind (upward / downward) 32/28 30/37 32/28
PV (upward / downward) 28/31 28/30 32/28
Wind+PV (upward / downward) 25/22 21/27 23/20

=
o % glek. £] F2g g 15412} QBARIT 174160 WABs

<3 31
=], 26 30% A5-2] WEER Uehdrt. s oA o] 345

e 571 104191 134]of A}
5t MiEEC] 71*= Rl 53] Atk Fig. 59014 B0l it e B2 A - 5= 0%~10%°1 =3 2L
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Fig. 4 Total accumulated PV_2014-2016

Distribution of Variation of PV in Jeju
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Fig. 5 Distribution of variation of PV

Table 132 387 AFA|9 Ejofae] B WEES e Zolk. 20164 B WEEL 5~6% H=
2 et glon], RIS S BS AN ) AW S 683 Flo] e ME B Fe T
15 e gkt 9l

Table 13 Variation rate of PV in Jeju (Unit: %)
Year Variation Spring (3, 4, 5) Summer (6, 7, 8) Fall (9, 10, 11) Winter (1, 2, 12)
4 Upward 3.2 34 5.0 2.1
Downward 3.1 -3.2 -6.4 -1.9
o Upward 5.1 6.7 5.6 7.4
Downward -5.0 -2.8 -5.7 -7.6
16 Upward 6.3 52 4.9 52
Downward -6.1 -4.9 -4.9 -5.0
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Table 14 History of limit of wind power record by KPX

AR

Year

Date

Count

2015 08. 25.01:00~06:00

10. 02. 01:00~05:00

10. 11. 02:00~05:00

04.17. 13:00~14:00
11.01. 02:15~15:48

2016

05. 16. 01:00~06:00
11. 08.3:49~04:14

10. 29. 01:35~04:30
11. 05. 02:50~04:50

03.21. 12:15~15:10
05.26.11:51~14:45
10. 13. 02:00~04:40

2017

04.01. 14:30~16:10
09. 11. 02:30~06:00
10. 16. 02:30~04:30

04. 14. 11:25~13:16
09. 16. 03:00~05:00

4.2E

2014dEE 2016W7H] A5

a EHo]:J,]-Hl-;q _j| 0 %E 751

EL 7805

Fepubat diolprde] AFAEIA sk o)

o 417 Z=adlolele} AR A

9 B5to] Tigh 7)ol Bl A1)
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