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SUMMARY

Jeju provincial government is pushing ahead with an ambitious plan to
supply a hundred percent of Jeju's power demand with renewable energy by
2030 under the catch phrase of Carbon Free Island 2030. According to Jeju
CFI 2030 plan, it aims to install 3.8 GW of VRE (Variable Resource Energy)
comprising PV Solar 1.4 GW, On Shore Wind 0.5 GW, and Off Shore Wind 1.9
GW by 2030. South Korean government also announced a plan to supply 20
percent of power demand with renewable energy by 2030 through the 8th
Basic Plan for Long-term Power Supply and Demand. The government is
actively promoting support and systematic improvement for renewable energy
projects through active energy transition policies.

As a result, Jeju Island, which is rich in wind resources, has seen its wind
farms steadily increase since 2007. And PV have been increasing rapidly
owing to the government’s active support policy for renewable energy since
2016. Jeju Island is an independent power system separated from Korea's
Main Land and is connected by two HVDC (High Voltage Direct Current)
lines. As of 2019, the average power demand of Jeju power system is 650 MW
and peak power demand is 960 MW. The traditional generators consist of nine
thermal and combined cycle generators in three generation farms, with a total
capacity of 777 MW. Variable renewable energy (VRE) resources totaling 501 MW
, including 265 MW of wind power and 236 MW of PV, are also connected to the
power system.

With the recent increase of VRE, wind power curtailment has occurred
because the power generation exceeds the power demand. Starting with three
times in 2015, the number of wind power curtailment is increasing every
year. It has occurred 23 times so far in 2019 up to September and accounted

for 1.2 % of the total wind power generation as 4.4 GWh.
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In particular, during low power demand period of spring and autumn
season, the Duck Curve phenomenon became noticeable and wind power
curtailment occurs mostly during the daytime around noon with increase of
PV. Even in this situation, additional PV projects are being rapidly connected
to power system, and the Jeju provincial government is also actively
promoting the proliferation of renewable energy.

This dissertation studied the setting method of acceptable VRE limit in the
Jeju power system, which is operated independently and has transmission
from the Main Land power system constrained. Mid-to long-term demand
should be forecasted while maintaining the pattern of seasonal, daily, special
low demand period such as holiday season for simulation of VRE marginal
capacity. This paper described the proper judgment and setting method for
the capacity factor of wind power and PV. To predict exact excess power
generation, this paper prepared data that properly maintained the seasonal,
monthly, and hourly generation characteristics of VRE and described the
forecasting method according to the expected installed renewable energy
capacity in the future.

This dissertation found that the ratio of installation capacity of wind power
and PV should be 50:50 in order to minimize exXcess power generation and
gain the highest profit in the Jeju power system. In accordance with the
above method, this paper determined the yearly operational VRE capacity by
repeatedly evaluating which renewable projects gain proper profit by not
significantly exceeding the forecasted excess generation.

Sensitivity of marginal capacity was analyzed as method of increasing
acceptable and proper renewable energy marginal capacity. As a result, Jeju
power system, which is expected to have an average power demand of 981 MW
in 2030, excess power generation will not occur with the installed VRE
capacity of 1,125 MW. There will be 0.5 % excess power generation with the
installed VRE capacity of 1,325 MW (+200 MW), and 1.8 % excess with 1,525 MW
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(+400 MW). For the last case, if ESS (Energy Storage System) of 200 MW is
installed and operated, excess power generation can be reduced from 1.8 % to
0.5 %.

This dissertation concludes that 3.8 GW of VRE aimed by the Jeju provincial
government cannot be acceptably installed under the current Jeju power
system’s operational environment. Instead, up to 15 GW of VRE can be
installed, with an ESS of over 200 MW being installed and operated to mitigate

excess power generation.
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Table 2 Generation costs in each country [15][16]

. e L Generation
t t Utilizat
Country Fuel Type Ccogsst r[%(}ﬁch)]rl Rlaltz:[%n Cost Remarks
[$/MWh]
Coal 2.16~2.99 36~57 67~113 Activate
VRE
U s Natural Gas 1.01~1.24 45~80 40~60 investment
: Solar PV 1.08 11~22 47~91 by tax
. reduction
Wind(Off Shore) 1.22~1.73 29~49 28~69 system
Coal 1.49~1.70 45~65 96~133 .
rid Impact
Natural Gas 1.00~1.49 50~70 76~105 Problem
Germany Solar PV 0.9 10~12 74~88 with high
Wind(On Shore) | 1.65~1.79 25~31 58~75 Pegft\l;%%on
Wind(Off Shore) 3.10~5.01 43~47 100~174
Coal 0.96~1.16 53~76 85~94
Solar PV 0.93 10~12 86~104 Off shore
U. K - Wind Power
Wind(On Shore) | 1.70~1.78 29~38 58~76 Cost is low
Wind(On Shore) 3.51~5.84 46~50 99~175
Coal 1.98~2.15 55~70 111~146
Recently,
) Natural Gas 0.97~1.24 50~65 68~83 Solar PV
Australia
Solar PV 0.91~1.11 15~22 47~85 . has q
Wind(On Shore) | 1.48~1.73 29~46 42~75 nerease
Coal 2.0 60~80 50~62 Solar PV
Natural Gas 1.17~1.43 70~80 86~93 cost high.
Japan Recently,
Solar PV 1.37~3.54 12~16 64~279 Coal has
Wind(On Shore) | 2.34~2.96 22~30 88~191 increased
Coal 0.53~0.67 40~60 46~89
Natural Gas 0.40~1.22 30~60 76~98 The lowest
. Coal
China Solar PV 0.84~0.91 12~18 54~100 Generation
Wind(On Shore) 1.12~1.23 23~32 50~74 cost
Wind(Off Shore) 2.29 33~36 74~100
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Table 3 Generation costs by VRE in developed countries (1%* half of 2018)

Construction Cost Utilization Rate Generation Cost
Country [M$/M] [%] [$/MWh]
PV Wind PV Wind PV Wind

Korea 1.37~1.55 | 2.10~2.46 15~17 23~27 106~151 99~155

Japan 1.37~3.54 | 2.34~2.96 | 12~16 22~30 64~279 88~191

U.s 1.08 1.22~1.73 11~22 29~48 47~91 29~69
Germany 0.9 1.65~1.79 10~12 25~31 74~88 58~75
Australia | 0.91~1.11 | 1.48~1.73 15~22 29~46 47~85 42~75

China 0.91 1.23 12~18 22~31 76 72
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Attributes (Incremental with progress through the phases)

Phase One

Phase Two

Phase Three

Phase Four

connection, if
any

transmission
congestion 1s

patterns across
the grid, driven

VRE capacity is | VRE capacity Flexibility Stability
Characteris not relevant at | becomes becomes becomes
“ation f the all-system | noticeable to relevant with relevant. VRE
aton Irom | oye] the system greater swings | capacity covers
a system operator in the nearly 100% of
perspective supply/demand | demand at
balance certain times
No noticeable No significant Greater No power
difference rise in variability of plants are
between load uncertainty net load. Major | running around
and net load and variability differences in the clock; all
Impacts on of net load, operating plants adjust
thep oxistin but there are patterns; output to
t 8 small changes reduction of accommodate
fglentera or to operating power plants VRE
ee patterns of running
existing continuously
generators to
accommodate
VRE
Local grid Very likely to Significant Requirement
condition near affect local changes in for grid-wide
points of grid conditions: | power flow reinforcement,

and improved
ability of the

possible, driven | by weather grid to recover
Impacts on by shifting condition at from
the grid power flows different disturbances
across the grid | locations;
increased
two-way flows
between high
and low voltage
parts of the
grid
Chall Local Match between | Availability of Strength of
J a e(rilges conditions in demand and flexible system to
eperll the grid VRE output resources withstand
mainly on disturbances
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Table 6 Status of wind power curtailment in Jeju power grid
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Table 7 Criteria of wind power limit

Consideration Element Criteria

D Maintain minimal regulating capability of a
conventional generator

@ 10 minute variations of wind power output

should be smaller than operating reserve )
Min(®D,®.®.®)

® 10 second variations of wind power output
should be smaller than frequency reserve

@ Power system security should be stable by

large facility’s contingency failure
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Table 8 Average VRE output & constraints rate

WP PV | WP Output | WP Output | VRE _Wind Farm
Year L[c};‘;]d Output | Output | Constraints | Constraints | Occupancy Utilization Rate[%]
[MW] [MW] [MW] rate[%] rate[%] | Off Shore | On Shore
2022| 756 107 88 51 32.4 25.88 15.6 20.3
2023| 785 161 99 20 11.1 33.20 20.5 26.7
2024| 811 174 110 30 14.7 35.04 19.6 25.6
2025| 838 226 132 23 9.2 42.774 20.9 27.2
2026| 867 241 143 31 11.3 44.28 20.4 26.6
2027| 897 255 154 39 13.4 45.59 19.9 26.0
2028| 925 276 176 63 18.7 48.85 18.7 24.4
2029| 953 292 198 92 23.9 51.45 17.5 22.8
2030| 981 306 220 123 28.7 53.66 16.4 21.4
2) Wl W Folg B4
ZIpRAY AGon QW o §E G Wi AVORE FAA Bet
AAA BAEF Aol FRAAW, FARWAYY vjEEAT $oE2 4
ste A AS5YHE =9 5 dn wEEAS vlusr] Y AlEsA A
(SMP)# Al 2] Ao 4 A &3¢ 54 (REC: Renewable Energy Certificate) v <



T nATARAA Y AFA LA A S SMPeE el Fefste AA

AR A 7E 20 47 LA 7FA(SMP+REC) .2 AA G 12 7H4 5 Gag

Table 9 The SMP+REC fixed price of competitive bidding by Korea Energy

Agency
Recruitment | Uer Limit Price | Average Winning Price
Capacity[MW] [1,000% /REC] [1,000% /REC]
Ist Half 250 191.33 181.49
2017
2nd Half 250 191.33 184.60
Ist Half 250 186.59 179.97
2018
Z2nd Half 350 186.59 173.98

201733 20183 AV AR AR ZA L 93 Adriel G@AH 7= Table
9¢F Zom 100 kW olat & tm EfYFd AFARAAl 60 %5 A WA W&
of Fo&% VRE AFg=ate] 249+ 2018 &tyty] S@HF7F 173.98 Y/kh 1
o} et o R volop dri46]. sFE H A WS
2, 847 WY FANE 3099 Fla, o] EES A
Aol &8 F4 230%, 3 300 %S AEste] AvjE Aol Fxnuje] 10 %H A}
dAo] FrHvt= AA=E VRE A€ @ &7 E7HSMP+REC)E Table 107}

2ol Agsksint.

-

Table 10 Outline view for wind power cost

. Investment | Required | Generation Required
) Capacity Sales Revenue
Site Cost Sales/Year|Output/Year L Cost
[Mw] o o [million ¥ /Year]
[millionW] | [millionW] [MWh] [W/kWh]
On shore 100 550,000 55,000 262,800 52,600 209
Off shore 30 9,000 900 57,816 8,700 156
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Table 11 Sales revenue & profit for VRE Scenario

oar | Vmton R | S el | {mitiont

on shore | off shore | on shore | off shore | on shore | off shore | on shore | off shore
2022 15.56 20.29 189 3.75 37.32 28.58 -89 -108
2023 20.46 26.68 263 4.74 12.94 9.91 -15 -10
2024 19.62 25.60 249 4.56 17.37 13.30 -28 -28
2025 20.88 277.24 268 4.81 11.08 8.48 -9 -03
2026 20.40 26.60 260 4.70 13.72 10.51 -17 -13
2027 19.93 25.99 253 4.60 16.29 12.47 -25 -24
2028 18.70 24.39 232 4.33 22.99 17.60 -45 -50
2029 17.49 22.82 212 4.06 29.65 22.770 -65 =77
2030 16.40 21.39 194 3.82 35.71 277.34 -84 -102
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Table 12 Configuration of Jeju power generation facility

Power Generation Equipment Capacity[MV] Sub Total
Nam]Jeju Thermal #1,2 20.0
Conventional Jeju Thermal #2,3 15.0
77.7
Power Plant Jeju Diesel #1,2 8.0
) (46.1 %)
(Dispatchable) Hallim C/C 10.5
Jeju LNG C/C #1,2 55
Wind Power 26.5
Renewable 50.9
Solar PV 23.6
Energy (30.2 %)
Bio & etc. 0.9
Main Land-Jeju HVDC #1 15.0 40.0
Transmission Line HVDC #2 250 (23.7 %)
S v Total 168.6
u ota
PPy (100 %)
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Fig. 219 e

@BMNS AlZte =z FHtodl &=
Ad= 20184 o] % 20199 10 AA

2003 2006 | 2007 | 2008 2010 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Solar 0.3 1.5 1.5 1.5 4.8 10.4 48.4 71.7] 88.1] 120.4 1684
Wind 6.0 6.0 7.7 333 333 783 89.8 91.3] 1063 109.9] 157.6 220.6 270.8 272.§ 2664
etc 2.0 2.0 1.0 1.0 1.0 1.0 1.0 23 23 23 2. 2.7 8.5 8.5 8.8 8.8
SUM 2.0 8.0 7.0 8.7 343 34.6 80.8 93.6 951 1133 123.00 208.6 300.7] 367.5] 402.2 4437
Fig. 21 Status of renewable energy installed in Jeju power grid

2018d AFAHe] & A

ol

ol F7latiew, VRE A HAF&S 20049 1.3 %ol A
Z7}8 R o2 Table 137} 7+o] e}

Table 13 Change in power generation by power resource

2 56756 GWh= 2004 2,774.8 GWh Xt} 2 )

2018 12.9 %714

2004 2018
Year
[GWh] [GWh]
HVDC 1,157.5 (41.7 % 2,272.0 (40.0 %

Thermal Power Plant 1,213.2 (43.7%

2,099.1 (37.0%

Oil Diesel Power Plant

)
)
262.1 (9.4%)
105.7 (3.8 %)

Combined Cycle

)
)
248.9 (4.4 %)
325.2 (5.7 %)

Renewable Energy 36.3 (1.3 %)

730.4 (12.9 %)

Total 2,774.8 (100 %)

5,675.6 (100 %)
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Table 14 Renewable energy supply target of the Jeju CFI 2030 plan

Capacity [MW]

Category Previous plan New Plan
Solar PV 1,411 1,411
On shore Wind 450 450
Off shore Wind 1,900 1,895
Fuel Cell 520 104
Geothermal 10 -
Wave, Ocean 10 10
Bio, Waste generation 10 40
Bio Diesel - 0.175

Total 4,311 4,085

A5 CFI 2030 +4 EAAFAM= AFA e G 7IE AAYAHA
A ] BFd R SLETH FAGFS oAw7F o WY FAFES
RRis % Table 159} %Fo] zApE o] ofd] wheh o= = nHithe] A

Fedt F14 sidsd el 25 AS Ackstar ATH314]

N

" O o
7‘<T’:<§

Table 15 Potential renewable sources in Jeju

Potential Capacity Technical cepaciyil Economic
Solar PV 60,104 15,719
On shore Wind 8,978 1,887
Off shore Wind 54,950 1,225
Bio 146 8
Waste Generation 41 41
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Table 16 VRE output restricted by excess generation in 2018

Year Date Period ,Of Wind Curtailment Max Curtailment
Curtailment Output[MWh] [MW]
2. 17 09:40~10:00 1.67 5
4. 6 11:20~14:55 142.50 60
4. 10:35~13:10 10.00 10
4. 10 12:20~14:10 40.83 277
4. 15 09:01~16:30 284.08 65
5 3 11:46~13:20 30.50 30
5. 23 12:01~13:00 12.83 20
8. 27 04:40~04:52 0.40 2
2018 9. 21 15:45~16:20 15.00 30
9. 26 12:41~14:50 60.60 38
02:04~05:44 69.88 23
030 08:05~16:33 490.23 94
10. 8 03:20~04:55 26.50 20
08:48~11:21 51.00 41
10.12 12:10~12:30 3.33 10
11.22 12:15~13:03 15.67 20
12.23 11:36~15:12 110.65 45
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Table 17 Demand data by sorting of the same day of the week

JAN 1st. SAT [MW] JAN 2nd. SUN [MW]
1 2 3 || 23] 24 1 2 3 || 23| 24 1 2
2011| 540| 512| 494\ --- | 522| 542| 521| 498| 481| --- | 517| 535| 508| 483
2012| 531| 505| 487| --- | 535| 550| 520| 494| 475| --- | 522| 534| 508| 486
2013| 543| 516| 499| --- | 555| 564| 534| 507| 489| --- | 578| 592| 561| 535
2014| 608| 581| 561| -~ | 629| 640| 602| 576| 557| --- | 624| 626| 589| 555
2015| 628| 601| 578| -~ | 639| 645| 612| 581 | 564| --- | 612| 606| 574| 543
2016| 618| 578| 557| -~ | 639| 645| 607| 576| 551| --- | 653| 653 | 612| 581
2017| 635| 603 | 583| -~ | 647| 652| 617| 593| 572| --- | 618| 618| 577| 544
2018| 690| 655| 629| --- | 673| 671| 628| 592| 566 --- | 700| 703| 670| 637

FadA dolHd s AxEE AHHeHE ELY FavolHr x4
o] Table 177 o] AHs A s @AE F844 dolge v As%
Aoy Eol7| el e o e deo was HiAg AUy 2R oF
do]El & ZrolA] B A& okgtt). Table 187 Table 19+ 73 Bl Z g3 oA H3}
gEto R QI3 v HATRE ol HAR Aotk dHrae UGS
EA e Zlel7] wiel v Fde] FadelHE BAS Folof . o F

=

dolE, B4R, Sol7l4 S 9% Fadoly Rge ddEs thed

Table 18 Raw demand data from 2011 to 2018 in Jeju

Demand 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Minimurn[MW] 321 219 354 373 384 233 415 432
Average[ MW 460 479 509 523 546 583 618 647
MaximumMW] 624 669 716 715 762 840 921 950

Table 19 Calibrated demand data from 2011 to 2018 in Jeju

Demand 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Minimum[MW] 321 337 354 373 384 384 415 432
Average[MW] 460 479 509 523 546 583 618 647
Maximum([MW] 624 669 716 715 762 840 921 950
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Table 20 Forecast future demand by trend curve function




Table 21 Demand data sorted by the same day of the week

JAN 1st [MW] JAN 2nd [MW]
1 2 3] 231247 1 2 3| | 2324 1 2
2019| 709| 677| 650| --- | 694| 692| 650| 613 | 584| -~ | 719| 721| 691| 659
2020| 741| 707| €77\ --- | 725| 723| 677| 637| 607| --- | 751| 754| 722| 686
2021 | 773| 736| 703| --- | 755| 754| 703| 661| 629| - | 784| 787| 752| 714
2022 807| 766| 731| --- | 787| 785| 731| 685| 653| -+ | 819| 822| 783 | 742
2023 | 838| 794| 757| --- | 817| 815| 757| 709| 676| -~ | 850| 854| 813 | 769
2024 | 866| 820| 782| --- | 844| 842| 782| 732| 697| --- | 880| 883 | 840| 794
2025| 895| 847| 807| --- | 872| 870| 807| 754| 719| --- | 910| 913| 867| 820
2026| 926| 876| 834| --- | 902| 900| 834| 778| 741| --- | 941| 945| 897 | 847
2027| 959| 905| 860| --- | 933| 930| 860| 802 | 764| --- | 975| 978| 928 875
2028 | 989| 933| 886 --- | 962| 959| 886| 826| 786| --- |1006|1010| 957| 901
20291019| 960| 912| --- | 990| 988| 912| 849| 809| --- |1037|1041| 985| 928
20301049| 988| 937| --- |1019|1017| 937| 872| 830| --- |1067(1072|1014| 954

01995 2080374 AFA] 47 oA ulHE Fig. 249 o]
Aeq adxe et B7FE 4 2dEe Fadud Az 57

go] oz vehtms g olokeit),

N

800 -
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400
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Jan 1 Jan 2 Jan 3 Jan 4 Jan 5 Jan 6 Jan7 Jan 8

Fig. 24 Forecast demand of Jeju from 2019 to 2030
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Table 22 Hourly data on VRE power output

Generation [MWh] Capacity [MW]

Date Hour - -
PV Wind PV Wind
1 0 76.5 122.38 272.81
JAN 1st 9 10 41.8 122.38 272.81
10 26 45.4 122.38 272.81
1 0 35.9 122.38 272.81
JAN 2nd 9 10 18.1 122.38 272.81
10 38 17.4 122.38 272.81
DEA 31st 24 0 80.6 167.54 266.4

45 Aol BE §%ol 42 AL AP A A9 o) A4

AT A Apele] o] g o] EAHojok o} o] &E S flstol AAAIA
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Table 23 Demand data sorted by the same day of the week
Ave- JAN 1st JAN 2n
Year|\vage[ 1 1 2 [ 3] -~ |23 24| 1] 213 - |23]2a
2016 53| 41| 40 | 33 3 6 9 12 4 1 1
[MWh] 2017 | 62 12 10 9 2 2 2 2 2 39 | 50
2018 61| 771 77| 99 38| 3| 36| 46| 39 28 | 47
2016 | 239 |221 | 221 | 221 221 1221 1221 | 221 | 221 221 | 221
WP | [MW] | 2017 | 273 | 273 | 273 | 273 273 | 273 273 | 273 | 273 273 | 273
2018 | 273 (273 | 273 | 273 273 1273|273 1273 | 273 273 1273
2016|22.2 [18.8 [18.2 |15.1 1.2 126|143 |55]| 18 0.31]0.3
[%]12017|22.8 | 4.3 | 3.7 | 3.3 0910806 |06]|0.6 14.5 (18.6
2018 123.0 |28.0 [28.4 (36.3 14.0 |13.1 |13.2 |16.8 |14.5 10.2 (17.3
2016 10 72| 72 | 72 721 72| 72| 72| 72 72 72
[MWh] 2017 16| 89| 89 | 89 89| 89| 89| 89| 89 89 | 89
2018 19 | 122 | 122 | 122 122 | 122 | 122 | 122 | 122 122 | 122
2016 76 0 0 0 0 0 0 0 0 0 0
PV | [MW] [ 2017 | 109 0 0 0 0 0 0 0 0 0 0
2018 138 0 0 0 0 0 0 0 0 0 0
2016113.2 1 0.0 | 0.0 | 0.0 0.0 0.0]00|0.0]0.0 0.0 | 0.0
[%]12017114.7 1 0.0 | 0.0 | 0.0 0.0{0.0]00|0.0]0.0 0.0 | 0.0
2018113.8 1 0.0 0.0 | 0.0 0.0 00|00 0.0]0.0 0.0 | 0.0
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Table 24 VRE installation target by year in Jeju

Scenario | Target | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
A 3 [GW] 1.20 1.35 1.50 1.80 1.95 2.10 2.40 2.70 3.00
B 2.4[GW] 0.96 1.08 1.20 1.44 1.56 1.68 1.92 2.16 2.40
C 2 [GW] 0.80 0.90 1.00 1.20 1.30 140 1.60 1.80 2.00

Table 25 VRE(wind and solar) installed capacity by scenario

Scenario 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
A-1 WP 70% 840 945 | 1050 | 1260 | 1365 | 1470 | 1680 | 1890 | 2100
[MW] PV 30% 360 405 450 540 585 630 720 810 900
A-2 WP 60% 720 810 900 | 1080 | 1170 | 1260 | 1440 | 1620 | 1800
(MW] PV 40% 480 540 600 720 780 840 960 | 1080 | 1200
A-3 WP 50% 600 675 750 900 975 | 1050 | 1200 | 1350 | 1500
[MW] PV 50% 600 675 750 900 975 | 1050 | 1200 | 1350 | 1500
A-4 WP 40% 480 540 600 720 780 840 960 | 1080 | 1200
[MW] PV 60% 720 810 900 | 1080 | 1170 | 1260 | 1440 | 1620 | 1800
A-§ WP 30% 360 405 450 540 585 630 720 810 900
[MW] PV 70% 840 945 | 1050 | 1260 | 1365 | 1470 | 1680 | 1890 | 2100
B-1 WP 70% 672 756 840 | 1008 | 1092 | 1176 | 1344 | 1512 | 1680
[MW] PV 30% 288 324 360 432 468 504 576 648 720
B-2 WP 60% 576 648 720 864 936 | 1008 | 1152 | 1296 | 1440
(MW] PV 40% 384 432 480 576 624 672 768 864 960
B-3 WP 50% 480 540 600 720 780 840 960 | 1080 | 1200
[MW] PV 50% 480 540 600 720 780 840 960 | 1080 | 1200
B-4 WP 40% 384 432 480 576 624 672 768 864 960
(W] PV 60% 576 | 648 | 720 | 864 | 936 | 1008 | 1152 | 1296 | 1440
B-5 WP 30% 288 324 360 432 468 504 576 648 720
[MW] PV 70% 672 756 840 | 1008 | 1092 | 1176 | 1344 | 1512 | 1680
Cc-1 WP 70% 560 630 700 840 910 980 | 1120 | 1260 | 1400
(MW] PV 30% 240 2770 300 360 390 420 480 540 600
C-2 WP 60% 480 540 600 720 780 840 960 | 1080 | 1200
L4 PV 40% 320 360 400 480 520 560 640 720 800
C-3 WP 50% 400 450 500 600 650 700 800 900 | 1000
[MW] PV 50% 400 450 500 600 650 700 800 900 | 1000
C-4 WP 40% 320 360 400 480 520 560 640 720 800
[MW] PV 60% 480 540 600 720 780 840 960 | 1080 | 1200
C-5 WP 30% 240 270 300 360 390 420 480 540 600
[MW] PV 70% 560 630 700 840 910 980 | 1120 | 1260 | 1400
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Table 26~30=> VRE 3% &% % &FH& Alud e [A-11-[A-5]ol disf <

TR AR AU A g AR ol

Table 26 VRE generation output for [A-1]

Year | Ave- JAN 1st [MW] JAN 2nd [MW]
rage 1 2 9 10 | - | - 8 9 [10 |11 |12 | 13
2022 2311282 285| -+ | 154|167| - | - 72| 67| 64| 58| 31| 25
2023 2621320324 -~ | 175[190| - | - 82| 76| 73| 66| 36| 28
2024 294(359|363| -+ | 196|213 -+ | - 91| 85| 82| 74| 40| 32
2025 3571436|441| -~ | 238|259| --- | - [111]103| 99| 90| 48| 39
WP | 2026 388(474|480| -~ | 259|281 -~ | - [121]112|108| 98| 53| 42
2027 420(513|518| --- | 280|304 --- | --- [ 131]121|117|106| 57| 45
2028 483 (590|596 --- [ 322|350 - | -=- | 150]140|134|121| 65| 52
2029 5461667674 --- | 364(396| - | -~~~ | 170|158 |152|137| 74| 59
2030 609|743|752| --- 1406|441| --- | -~ |189|176]169|153| 82| 66
2022 53 0 0] - 211 72 0 21 10| 23| 47| 77
2023 60 0 0 24| 81 0 2| 12| 26| 53| 86
2024 66 0 0 27| 91 0 31 13| 29| 59| 96
2025 79 0 0 321109 0 3| 15| 35| 770|115
PV | 2026 86 0 0 35118 0 3| 17| 38| 776|124
2027 93 0 0 371127 0 4| 18| 41| 822|134
2028 106 0 0 431145 0 41 21| 47| 94| 153
2029 119 0 0 481163 0 51 23| 52105172
2030 132 0 0 531181 0 5| 26| 58(117]|191
Table 27 VRE generation output for [A-2]
veur | Ave- JAN Ist [WN] JAN 2nd [WN]
rage 1 2 9 10 | - | - 8 9 10 | 11 | 12 | 13
2022 1951238241 --- | 130|141 - | - 61| 56| 54| 49| 26| 21
2023 2221271274 - | 148|161| - | - 69| 64| 62| 56| 30| 24
2024 2491304 307| -~ | 166|180 - | - 771 72| 69| 63| 34| 27
2025 3031370|374| -+ [ 202|219 - | - | 94| 88| 84| 76| 41| 33
WP | 2026 3301403|407| --- [220|239| -~ | .-~ | 103] 95| 92| 83| 45| 36
2027 357(436|441| --- | 238|259 --- | -~ | 111]103] 99| 90| 48| 39
2028 411502507 -+ |274(298| --- | -~ 1128]119]114|103| 56| 44
2029 4651568 | 574 | --- | 310(337| - | -~ | 145|134]129|117| 63| 50
2030 5191634 |641| --- |346|376| - | -~ |161|150|144|130| 70| 56
2022 71 0 o - 28| 97 0 3| 14| 31| 62|102
2023 79 0 0 321109 0 3| 15| 35| 770|115
2024 88 0 0 361121 0 31 17| 39| 781|128
2025 106 0 0 431145 0 4| 21| 47| 94]153
PV | 2026 115 0 0 46| 157 0 4| 22| 50|102]| 166
2027 123 0 0 50| 169 0 5| 24| 541109179
2028 141 0 0 571193 0 51 27| 62(125|204
2029 159 0 0 64| 217 0 6| 31| 70|141|230
2030 176 0 0 711241 0 71 34| 78] 156|255
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Table 28 VRE generation output for [A-3]
veur | Ave- JAN st (W] JAN 2nd (W]
rage | 1 | 2 || 9 |10 8 1| 9 110]11 12|13
2022 159 | 194| 196| --- | 106] 115 49| 46| 44| 40| 22| 17| -
2023 181 | 221| 224| --- | 121} 131 56| 52| 50| 46| 25| 20| -
2024 | 204 | 249| 252 --- | 136] 148 63| 59| 57| 51| 28] 22| -
2025 | 249 | 304| 307| --- | 166] 180 77 72) 69| 63| 34| 27| -
WP | 2026 | 271 | 331| 335] --- | 181] 197 84| 78| 76| 68| 37| 29| -
2027 | 294 | 359| 363| -+ | 196| 213 91| 85| 82| 74| 40| 32| -
2028 | 339 | 414| 418| -+ | 226] 246 105] 98| 94| 85| 46| 37| -
2029 384 | 469| 474| --- | 256| 278 119| 111} 107| 97| 52| 41
2030 | 429 | 524| 530 -+ | 286| 311 133] 124] 119] 108| 58| 46| -
2022 88 0 0 36| 121 0 3| 17| 39| 78| 128| -
2023 99 0 0 40| 136 0| 4| 19| 44| 88| 144| -
2024 110 0 0 44| 151 0] 4] 21| 48| 98| 159| -
2025 132 0f O 53| 181 0| 5| 26| 58| 117| 191
PV | 2026 | 143 0f O 58| 196 0] 5| 28| 63] 127 207| -
2027 154 0 0 62| 211 0| 6| 30| 68| 137| 223| -
2028 176 0 0 71| 241 0| 7| 34| 78| 156| 255| ---
2029 198 0 0 80| 272 0| 8| 39| 87| 176| 287| -
2030 | 220 0 0 89| 302 0| 8| 43| 97| 195 319| -
Table 29 VRE generation output for [A-4]
veur | Ave- JAN st [WW] JAN 2nd (W]
rage | 1 | 2 || 9 |10 8 | 9110111213
2022 123 | 150| 152| -~ | 82| 89 38| 36| 34| 31| 17/ 13| -
2023 141 | 172] 174| -~ | 94| 102 44| 41| 39| 35| 19] 15| -
2024 159 | 194] 196| --- | 106| 115 49| 46| 44| 40| 22| 17| -
2025 195 | 238] 241| - | 130| 141 61| 56| 54| 49| 26| 21
WP | 2026 213 | 260| 263| --- | 142| 154 66| 62| 59| 54| 29| 23| -
2027 231 | 282| 285| --- | 154| 167 72| 67| 64| 58 31| 25| -
2028 | 267 | 326 330| --- | 178| 193 83| 77| 74| 67| 36| 29| -
2029 | 303 [ 370| 374| --- | 202| 219 94| 88| 84| 76| 41| 33| -
2030 | 339 [ 414] 418| --- | 226| 246 105 98| 94| 85 46| 37| --
2022 106 0 0 43| 145 0| 4| 21| 47| 94| 153| -
2023 119 0 0 48| 163 0| 5| 23| 52| 105/ 172 -~
2024 132 0 0 53| 181 0] 5| 26| 58| 117| 191
2025 159 0 0 64| 217 0| 6| 31| 70| 141| 230| -~
PV | 2026 172 0 0 69| 235 0 7| 33| 76| 152| 249| -
2027 185 0 0 75| 254 0| 7| 36| 81| 164| 268| -
2028 212 0 0 85| 290 0| 8| 41| 93| 187| 306| -
2029 238 0 0 96| 326 0| 9| 46| 105| 211| 344| -~
2030 264 0f O 107| 362 0] 10| 51| 116] 234] 383] -
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Table 30 VRE generation output for [A-5]

Year | Ave- JAN 1st [MW] JAN 2nd [MW]
rage | 1|2 -] 9]10]-~ 89 l1w0|11]12]13

2022 87]106]107] -~ | 58] 63 27 25| 24] 221 12] 9
2023 | 100|123|124| - | 67| 73 31 29| 28| 25| 14| 11
2024 | 114|139|141| - | 76| 83 35| 33| 32| 29| 15| 12
2025 | 141(172]174| | 94102 44| 41| 39| 35| 19| 15

WP | 2026 | 154[189|191| -+ | 103|112 48| 45| 43| 39| 21| 17
2027 | 168]205]207] - | 112] 122 52| 49| 47| 42| 23| 18
2028 | 195(238[241] - [130] 141 61| 56| 54| 49| 26| 21
2029 | 2220271|274] - | 148] 161 69| 64| 62| 56| 30| 24
2030 | 249[304]|307] - | 166] 180 77 721 69| 63| 34| 27
2022 | 123] o] Of | 50]169 0] 5] 24| 54 109]179
2023 | 139| o O 56190 0| 5| 27| 61| 123|201
2024 | 154| o| o0 621211 0| 6| 30| 68| 137|223
2025 | 185 0| O 75| 254 0| 7| 36| 81| 164268

PV 12026 | 201 0| o0 811|275 0| 8| 39| 88| 178]290
2027 | 216| o O 87| 296 0| 8| 42| 95| 191]313
2028 | 247] o o 100 338 0| 9| 48[109] 219] 357
2029 | 278 o o 1121380 o 11| 54[122] 246|402
2030 | 309] o o 125] 423 0| 12] 60]136] 273] 446

Table 26~30°4 1 (Average)> 2, B3 n]e] A Fo T =Fo|r,
E2E Tableol A 2030 d7FA] VRE Aol Z7184-2 WAz w3t Z=rlstes 4SS
E g ok Hgd SAAE et g B o]l Yt ARkl 8
Al ~13A] dHolE & TA oz Yepddth AU A LAz dgase] dFS

Fig. 2637 Zo] =5 ol&std 47 &Add & Utk Avd e [A-1]-[A-5]
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ol B el vEhbn o 91 FHWAS Fo] B vhehuth

Fig. 26 VRE generation output for [A-1]-[A-5]
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Table 31 Net load for [A-1]

JAN Ist [MW] JAN 2nd [MW]
1 2 3 - | 23 ] 24 1 2 3 |23 | 24 1 2
2022 | 525| 481| 367| - 646| 654| 599| 517| 508| - 716| 648| 480| 409
2023 | 517| 470| 343| -- 656| 665| 607| 517| 511| - 734| 656| 468| 391
2024 | 507| 457| 318| - 664| 674| 614| 517| 512| - 750| 662| 454| 370
2025 | 460| 406| 243| - 654| 666| 602| 493| 494| -- 751 | 645| 399| 305
2026 | 452| 396| 221| -- 665| 678| 611| 494| 497| - 769| 653| 388| 287
2027 | 446| 387| 198| - 676 691| 620| 495| 500| - 788| 663| 377| 269
2028 | 400| 336| 124| -- 667| 684| 609| 473| 482 - 792| 646| 323| 205
2029 | 353| 286| 50| - 657| 676| 599| 450| 465| - 794| 630| 269| 140
2030 | 306| 236| -24| -- 647| 669| 589 | 427| 447| - 797| 614| 215| 75

Table 32 Net load for [A-2]

JAN Ist [MW] JAN 2nd [MW]
1 2 3 - | 23 | 24 1 2 3 - | 23 | 24 1 2
2022 | 569| 525| 424| --- | 668| 674| 620| 543| 530| - | 732| 675| 528| 461
2023 | 567| 520| 407| --- | 681| 688| 630| 547| 536| --- | 752| 687| 522| 449
2024 | 562| 513| 389| --- | 692| 700| 639| 550| 540| --- | 770| 696| 513| 435
2025 | 525| 473| 329| --- | 687| 697| 633| 533| 528 | --- | 775| 685| 470| 383
2026 | 524| 469| 313| - | 700| 712| 645| 537| 533| --- | 795| 697| 465| 372
2027 | 523| 464| 297| - | 715| 727| 656| 541| 539| --- | 816| 710| 460| 360
2028 | 487| 425| 238| -~ | 711| 725| 651| 525| 528| --- | 823| 701| 418| 308
2029 | 452| 386| 178| -~ | 706| 723| 645| 509| 516| --- | 830| 691| 375| 257
2030 | 416| 347| 118| - | 702| 721| 640| 493| 504| --- | 837| 681| 333| 205
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Table 33 Net load for [A-3]

JAN 1st [MW] JAN 2nd [MW]
1 2 3 23 | 24 1 2 3 e 23 | 24 1
2022 | 613| 570| 480 690| 695| 640| 569 553| - 748 | 702 575
2023 | 616| 570| 471 706| 711| 653| 576| 562| - 770 717| 575
2024 | 617| 568| 460 719| 726| 665| 583 | 569| - 790| 730| 572
2025 | 591| 540]| 414 720| 728| 664 | 572| 562| - 799 | 726| 541
2026 | 595| 541| 405 736| 745| 678| 580 570| - 821| 741 | 541
2027 | 600| 542| 397 753| 763| 692 | 587| 579 - 844 | 757| 542
2028 | 575| 514| 351 754| 766| 692| 578 | 573| - 855| 755 512
2029 | 551| 486| 306 756| 769| 692| 568 | 567 - 866| 752 | 482
2030 | 526| 458| 260 757| 772 692| 559 560| - 877| 749 | 451
Table 34 Net load for [A-4]
JAN 1st [MW] JAN 2nd [MW]
1 2 3 23 | 24 1 2 3 e 23 | 24 1
2022 | 657| 614| 537 712 715] 661 | 596| 576| - 764 | 729 622
2023 | 666| 620| 535 730| 734| 677| 606| 587| - 788 | 748 | 628
2024 | 672| 624 531 747| 751] 691| 615| 597 - 809| 764 | 631
2025 | 657| 606| 499 753| 758 | 695| 612| 596 - 823| 766| 612
2026 | 666| 613 | 498 772 778 712 623| 607 - 847| 785| 618
2027 | 677| 620| 496 792 799 728| 633| 619 - 872 805| 625
2028 | 663| 603 | 465 798| 807| 733| 630| 618 - 887| 809| 606
2029 | 649| 586| 434 805| 815| 738| 627| 618 - 902 | 813| 588
2030 | 635| 569| 402 812 | 823| 743| 624| 617]| - 917| 817| 569
Table 35 Net load for [A-5]
JAN 1st [MW] JAN 2nd [MW]
1 2 3 23 | 24 1 2 3 R 23 | 24 1
2022 | 701 | 658| 594 734 | 736| 681 | 622| 598 - 47| 48| 49
2023 | 715| 670| 599 755( 757| 700| 636| 613 - 780| 756 | 669
2024 | 727| 680| 602 774 777\ 717| 648| 625 - 806| 778 681
2025 | 723| 673| 584 786| 789| 726| 651 | 630| - 829| 798| 690
2026 | 738| 685| 590 808| 812| 745| 665| 644 - 847| 807| 683
2027 | 754| 698| 595 830| 835| 764| 679| 658 - 873 | 829 | 695
2028 | 751| 692| 579 842 | 848| 774| 683| 664 - 900| 852 708
2029 | 748| 686| 562 855| 861 | 785| 687| 669 - 919| 863 | 701
2030 | 745| 681| 545 867| 875| 795| 690 674 - 938| 874 | 694
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Fig. 32 Seasonal VRE utilization rate distribution: (a) wind power, (b) PV
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8.7X2

150

250

400
Ramp Rate

[MW/min]

Ramp Rate
[MW/min]

40

40

20
80
80
80
60
55
55
45
45

Minimum
Load[MW]

Minimum
Load[MW]

150

250
120
120
160
105
100
100
75
75

200
Capacity[MW]

Capacity[MW]

Generator
Jeju LNG C/C #1
Jeju LNG C/C #2
Nam]eju LNG C/C

Hallim C/C
Namjeju T/P #1
Nam]jeju T/P #2

Jeju T/P #2

Jeju T/P #3

Tie Line
HVDC #1
HVDC #2
HVDC #3

2
5
6

Table 37 Characteristic of Jeju submarine tie line
Table 38 Characteristic of Jeju generation facilities
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ERAME 0228740 AANEE BF o] ofels AoE NI xud
He ABUlA SHom, 20224714 A3AA N ANTW BAH Spol
hed Aow Adate 023ANEE A3AALE Bt 200MAA gl 7
S8 A0, 025EREE 0MAA 4% bsd Qo ABdeld s,

[Procedure 1]

Surplus Output = ABS { If Load < 500MW, Net Load — Minimum PP 4EA(380MW),
If Load < 700MW, Net Load — Minimum PP 5EA(435MW),
If Load < 900MW, Net Load — Minimum PP 6EA(490MW),
If Load < 1500MW, Net Load — Minimum PP 7EA(536MW) }

[Procedure 2]

Surplus Output = ABS { If Load < 500MA, Net Load — Minimum PP 4EA(380MW) +
[ HVDC Transmission (200MW) ],
If Load < 700MN, Net Load — Minimum PP SEA(380MW) +
[ HVDC Transmission (200MW) ],
If Load < 900MW, Net Load — Minimum PP 6EA(435MW) +
[ HVDC Transmission (200MW) ],
If Load < 1500MW, Net Load — Minimum PP 7EA(536MW) +
[ HVDC Transmission (200MW) ] }

(2

Procedure 1%} Procedure 2+ 21(2)& A &3to] Zypddzds AAbstr] 93k

ZA% 222 Procedure 12 2022W@7H#] AAMZE &
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Qo] #8311, Procedure 2+ 20229 %-E 2025714 QAN RE

Tkl 200 MWE HEskE Aol A3k Aelth 20251 o] % 400 MW % 7t
s Aloll & Procedure 2914 9% ZkE 200 MWl Al 400 MW= EebRth, 212
Fob Aayaw, AANZ $A%e A9 23
24 Procedure 13} Procedure 25 #&3to] Alutg] 9 [A-1]-[A-5]9] o

ato] AR AFS A B St 2R Ee FHY A rdg FA

2 18

Tl HAAAT] A
&
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Table 39 Surplus generation for [A-1]
Table 40 Surplus generation for [A-2]

2028
2029




Table 41 Surplus generation for [A-3]

JAN 1st [MW] JAN 3rd [MW]

11 12 13 14 15 16 10 11 12
2022 28 771 120| 179| 180| 121 256 457| 561
2023 0 0 0 13 14 0 109| 337| 452
2024 0 0 0| 48| 49 0 164 418| 546
2025 0 0 0 0 106| 413| 563
2026 0 0 0 0 158| 492| 654
2027 0 0 0 14 15 0 2701 630| 804
2028 0 0 0| 108| 108 0 405| 819] 1016
2029 0 63 67| 201| 201 75 5411 1007| 1228
2030 34| 139| 205| 354| 294| 154 677| 1196| 1439

Table 42 Surplus generation for [A-4]
JAN-1 [MW] JAN-3 [MW]

11 12 13 14 15 16 10 11 12
2022 40 86| 137| 213| 204| 116 202| 417| 533
2023 0 0 0 51 41 0 491 291 421
2024 0 0 0 90| 79 0 97| 368| 511
2025 0 0 0 0 0 0 25| 352| 522
2026 0 0 0] 35| 20 0 71| 426| 609
2027 0 0 0 73 57 0 176| 559| 756
2028 0 6| 23| 174] 155 0 298| 738| 961
2029 0 84| 105| 276| 254| 63 421| 916 1165
2030 62| 161| 248| 438| 353| 142 543 1095| 1370
Table 43 Surplus generation for [A-5]

JAN-1 [MW] JAN-3 [MW]

11 12 13 14 15 16 10 11 12
2022 51 95| 154| 246| 227| 111 149| 376| 506
2023 0 0 0| 88| 67 0 0| 246| 390
2024 0 0 171 132] 108 0 30| 317| 477
2025 0 0 48 19 0 292 480
2026 0 0 89| 58 0 360| 564
2027 0 0 131] 98 0 82| 488| 707
2028 0| 24| 57| 241 202 0 191 657| 905
2029 18| 104| 144| 351| 307| 52 300 825| 1103
2030 90| 183| 291 521 412| 129 409| 994 | 1301
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Fig. 33 Forecast excess generation in January 2023
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Fig. 34 Forecast excess generation in January 2025
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Fig. 35 Forecast excess generation in January 2030
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Table 44 Monthly average & max of WP output fluctuation

Month 1 2 3 4 5 6 7 8 9 10 11 12
1 Min| Max | 7.31|12.17|14.03| 5.27| 5.75| 5.74| 7.59|24.55| 5.19(12.74|11.71|15.40

[%] | Ave | 0.72| 0.6| 0.47| 0.42| 0.45| 0.30| 0.36| 0.46| 0.43| 0.49| 0.33| 0.68
10Min | Max |16.93|28.13|18.82(10.84|14.73|11.79]10.21|12.37|14.48 |20.51|14.74|25.10
(%] | Ave | 1.80| 1.61| 1.19] 1.13| 1.18| 0.94| 0.84| 1.06| 1.23| 1.22| 0.91| 1.51

Table 45 Monthly average & max of PV output fluctuation

Month 1 2 3 4 5 6 7 8 9 10 11 12
1 Min| Max |17.15|22.93| 8.42(39.56| 5.19|16.55|17.15|12.93|18.81(22.97| 5.42| 6.48

(%] | Ave | 0.07| 0.08] 0.09] 0.09| 0.08| 0.09| 0.08| 0.08| 0.07| 0.09| 0.08| 0.06
10Min | Max |12.81|12.03|13.35(42.49|11.88|10.76 [25.00|17.45| 9.92|11.62|11.51|13.56
[%] | Ave | 0.62| 0.75| 0.85| 0.92| 0.79| 0.82| 0.80| 0.71| 0.68| 0.85| 0.80| 0.58
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—_—Nind
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Fig. 36 Wind power and PV fluctuation distribution
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(2) A A An] A

BT AEES $13% VRE Av&& Auele [A] 3GW, [B] 24 GW, [C] 2
GWe Al Alvele 5 S8 [B] 24 GW AU & 9, FEHHSE
S FH & A8 FH &<l 505
5 CFI 203071 8= 112 8}o

X3
M ARG AESAY. & FY

& & 60:4091 AlvE] e [B-2]el sl
0:30%1 [B-1] Alvg] o= HESHA Zdt

<
N

o [B-2] 2030 7kA] 2.4 GW, An]& 1] F= 60 %, BHEd 40% &= A
&

A A e oF Fe, B v g

Table 46 VRE capacity by scenario No. 1 [B-2]

2022 2023 2025 2028 2029 2030

WP [MW] 576 648 864 1,152 1,296 1,440
PV [MW] 384 432 576 768 864 960
Total [MW] 960 1,080 1,440 1,920 2,160 2,400
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o [B-3] 2030 7k#] 2.4 GW, AH]-&
2 A oo o =3 eokd An]

FH &
€

& 50 %, EHYF

ot

Table 47 VRE capacity scenario No. 2 [B-3]

3 50% Alem A

2022 2023 2025 2028 2029 2030
WP [MW] 480 540 720 960 1,080 1,200
PV [MW] 480 540 720 960 1,080 1,200
Total [MW] 960 1,080 1,440 1,920 2,160 2,400

A gsto] AEstA

o stAIFAY VRE &d=:  FHAHAWETF 20%, BF 3808 80 %
© A =AY VRE 2% FHAHE&F 80%, B34 & 20 %
o FAZAF3stY VRE wrd = @ S8 50 %, B3] &=F 50 %
AF AEAE &9 AFAN7IR F -6t 29 B2 FA FHetd FAH
S HES] 918 Ayl [B-2]9F [B-3ldl dld VRE 22 w2 Table 48
7} Table 499} # T},
Table 48 VRE generation output scenario [B-2]
Scenario B-2 2022 2023 2025 2028 2029 2030
Summer | WP 403 454 605 806 907 1,008
[MW] PV 115 130 173 230 259 288
Winter | WP 346 389 518 691 778 864
(MW] PV 230 259 346 461 518 576
Fall WP 202 227 302 403 454 504
(MW] PV 134 151 202 269 302 336
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Table 49 VRE generation output scenario [B-3]

Scenario B-3 2022 2023 2025 2028 2029 2030
Summer | WP 336 378 504 672 756 840
(MW ] PV 144 162 216 288 324 360
Winter | WP 288 324 432 576 648 720
[MW] PV 288 324 432 576 648 720
Fall WP 168 189 252 336 378 420
(MW] PV 168 189 252 336 378 420

A= B A7FAFA 7S wep Ed7] 8 A
29 olFaH =

Table 5004 ¢} o] 473

L
E=

59.3 Hz 59.4HzE #A
AT AEAZANAN A3 AH 7] (UFR: Under Frequency Relay)2]
A= 59.2 Hzolvh, A8 A7F war 27 22 A5
9 WEAL 1Esle] 01 Hze AFEE A&, AA

4 g-5he o,

A%

gho] WAlels B TAe] 9ol 02Hz o HEE

Table 50 Contingency failure condition

Transmission
Line Generator & HVDC Fault
1 Line or Generator | HVDC #1 | HVDC #3 | SeoJeju C/S | NamJeju PP
Parallel 2 Line 2EA 2 line 2 line BUS 2 line BUS 2 line
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B) 31 HE CASE
o Alyg 2 [B-2] 20308 VRE 2GW, WP 60 %, PV 40 %

Table 51 Load scenario [B-2] of frequency stability about contingency

Load WP PV HVDC#1 | HVDC#2 | HVDC#3 GEN
AUG [MW] | 1,086 403 115 60 72 -20 | 456(7EA)
2022 JAN [MW] 982 346 230 -40 40 -50 | 456(7EA)
OCT [Mw] 590 202 134 -100 40 -41 | 355(5EA)
AUG [MW] | 1,133 454 130 60 53 -20 | 456(7EA)
2023 JAN [MW] | 1,025 389 259 -82 53 -50 | 456(7EA)
OCT [MW] 612 227 151 -120 40 -96 | 410(6EA)
AUG [W] | 1,222 605 173 -40 48 -20 | 456(7EA)
2025 JAN [MW] | 1,104 518 346 -96 -40 -80 | 456(7EA)
OCT [Mw] 651 302 202 -93 -70 -100 | 410(6EA)
AUG [MW] | 1,373 806 230 -100 40 -59 | 456(7EA)
2028 JAN [MW] | 1,235 691 461 -120 -153 -100 | 456(7EA)
OCT [Mw] 714 403 269 -120 -148 -100 | 410(6EA)
AUG [W] | 1,421 907 259 -100 -40 -61 | 456(7EA)
2029 JAN [MW] | 1,277 778 518 -120 -221 -100 | 422(7EA)
OCT [Mw] 735 454 302 -120 -211 -100 | 410(6EA)
AUG [MW] | 1,468 | 1008 288 -100 -84 -100 | 456(7EA)
2030 JAN [MW] | 1,318 864 576 -120 -240 -184 | 422(7EA)
OCT [MW] 755 504 336 -120 -240 -135 | 410(6EA)

o Alyg 2 [B-3] 20308 VRE 2GW, WP 50 %, PV 50 %

Table 52 Load scenario [B-3] of frequency stability about contingency

Load Wp PV HVDC#1 | HVDC#2 | HVDC#3 GEN
AUG [MW] | 1,086 336 144 60 70 20 | 456(7EA)
2022 JAN [MW] 982 288 288 -40 40 -50 | 456(7EA)
OCT [MW] 590 168 168 -100 40 -41 | 355(5EA)
AUG [MWW] | 1,133 378 162 60 57 20 | 456(7EA)
2023 JAN [MW] | 1,025 324 324 -82 53 -50 | 456(7EA)
OCT [Mw] 612 189 189 -120 40 -96 | 410(6EA)
AUG [W] | 1,222 504 216 -40 66 20 | 456(7EA)
2025 JAN [MW] | 1,104 432 432 -96 -40 -80 | 456(7EA)
OCT [MW] 651 252 252 -93 -70 -100 | 410(6EA)
AUG [W] | 1,373 672 288 -63 40 -20 | 456(7EA)
2028 JAN [MW] | 1,235 576 576 -120 -153 -100 | 456(7EA)
OCT [MW] 714 336 336 -120 -148 -100 | 410(6EA)
AUG [MW] | 1,421 756 324 -55 -40 -20 | 456(7EA)
2029 JAN [MW] | 1,277 648 648 -120 -221 -100 | 422(7EA)
OCT [MW] 735 378 378 -120 -211 -100 | 410(6EA)
AUG [MW] | 1,468 840 360 -88 -80 -20 | 456(7EA)
2030 JAN [MW] | 1,318 720 720 -120 -240 -184 | 422(7EA)
OCT [MW] 755 420 420 -120 -240 -135 | 410(6EA)
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A% (200 MW), FAFLNGEHA60 Mol =7 A= WA A 7ol o
H|§h ou] e zpdo] A FrH wWE Hew Wl
gy ] 271 g Al HAFIEE oF 596 HzZk Al HolAl= Ao w o

bl wkek, A7) 271 sgel olof w7k Azgte] WAld] @ wAdF o
3}

of thu]ste] THAW Y] A9 A Fuld Az Adujo] A 2 AHAI LG
o) wz} LVRT(Low Voltage Riding Through) 7|%5< FH8tA Ho] or},
obZ] E|gFdn]e] Ag- LVRT 7]sol &3k 7ol AAxo A &}

Table 53 Result of frequency stability about contingency scenario [B-2]

Contingency Generator HVDC#Z HVDC#S Seojequ/S Namjejq PP
2EA BUS 2line | BUS 2line | BUS 2line | BUS 2line

AUG [MW] 59.67 59.92 60.03 59.77 59.93

2022 | JAN [MW] 59.62 60.16 60.16 59.89 59.81
OCT [MW] 59.60 60.45 60.14 59.93 59.83

AUG [MW] 59.67 59.92 60.02 59.83 59.78

2023 | JAN [MW] 59.67 60.28 60.11 59.87 59.82
OCT [MW] 59.63 60.53 60.39 59.95 59.85

AUG [MW] 59.63 60.11 60.02 59.86 59.78

2025 | JAN [MW] 59.58 60.16 60.2 59.92 59.76
OCT [MW] 59.62 60.20 60.22 60.02 59.86

AUG [MW] 59.67 60.41 60.20 59.82 59.75

2028 | JAN [MW] 59.67 60.30 60.21 59.93 59.76
OCT [MW] 59.64 60.29 60.23 60.11 59.84

AUG [MW] 59.86 60.21 60.10 59.82 59.70

2029 | JAN [MW] 59.75 60.28 60.26 60.23 59.71
OCT [MW] 59.64 60.29 60.21 60.2 59.84

AUG [MW] 59.67 60.21 60.21 59.85 59.74

2030 | JAN [MW] 59.75 60.52 60.26 60.25 59.74
OCT [MW] 59.64 60.27 60.32 60.22 59.84
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Table 54 Result of frequency stability about contingency scenario [B-3]

Contingency Generato HVDC#2 HVDC#3 | SeojejuC/S | Namjeju PP
r 2EA BUS 2line | BUS 2line | BUS 2line BUS 2line

AUG [MW] 59.67 59.92 59.99 59.84 59.79

2022 JAN [MW] 59.62 60.16 60.16 59.88 59.80
OCT [MW] 59.60 60.45 60.14 59.92 59.83

AUG [MW] 59.67 59.92 59.99 59.78 59.78

2023 JAN [MW] 59.67 60.27 60.11 59.86 59.80
OCT [Mw] 59.63 60.53 60.39 59.95 59.86

AUG [MW] 59.63 60.10 59.99 59.85 59.80

2025 JAN [MW] 59.57 60.20 60.16 59.93 59.75
OCT [MW] 59.62 60.21 60.23 60.02 59.85

AUG [MW] 59.67 60.25 60.03 59.84 59.76

2028 JAN [MW] 59.67 60.28 60.21 59.92 59.75
OCT [MW] 59.64 60.29 60.22 60.11 59.83

AUG [MW] 59.53 60.10 60.00 59.87 59.73

2029 JAN [MW] 59.76 60.28 60.27 60.23 59.71
OCT [Mw] 59.64 60.29 60.23 60.19 59.83

AUG [MW] 59.67 60.18 60.01 59.87 59.74

2030 JAN [MW] 59.76 60.25 60.50 60.25 59.71
OCT [MW] 59.64 60.27 60.22 60.33 59.84

T oA B A dAEo] W Gt AS nEe 4G AEAY
£ Table 55 WeEblAtt 2018 SAIF = =8 1,020 MV kol A A5

67BUS A ugo g AlAAAMS 17] Pole A% 1, A0 sgoz gy
7] 108 MW7 FrtE "gEtstAl HW AlFstE 67BUS g Al HAAF I
59.70 Hzol Al 041 Hz 27} dtetat= o= Uehdth o9} 7o

o2
-
o
oZ
ol
(23

Table 55 Result of frequency stability about adding PV contingency

CASE Contingency Frequency[Hz] Deviation
1 HVDC#1 1pole + PV OMW 59.70 -
2 HVDC#1 1pole + PV 36MV 58.58 A 0.12
3 HVDC#1 1pole + PV 60MN 59.49 A 0.21
4 HVDC#1 1pole + PV 84MN 59.38 A 0.32
5 HVDC#1 1pole + PV108MW 59.29 A 0.41
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7. BMA sASE MF

AT AHASANM Ay edz Addds AAEsta, g Aol wE
T

D AN A Aok 24

A% CFL 203014 448 VRE #4991 ¥} ey @y niss
38GWa o 2 =FoAe o] By RX&HFS 2E 3G6GW, 24GW, 2GWell o 3)
A EHUEy §30 Aveed me [A-1-[A-5], [B-1-[B-5], [C-1]-[C-5]

:

Table 56 VRE output & constraints rate for [A-1]

Year Demand | WP Output |PV Output|WP Constraints Wind Power VRE
[GWh] [GWh] [GWh] [GWh] Constraints Rate[%]|Proportion[%]
2022 6623 1340 463 682 33.7 27.2
2023| 6874 1942 521 357 15.5 35.8
2024 7105 2086 579 488 19.0 37.5
2025 7343 2694 695 433 13.8 46.1
2026| 7596 2856 753 547 16.1 47.5
2027| 7857 3012 811 666 18.1 48.7
2028 8103 3253 927 977 23.1 51.6
2029| 8348 3464 1043 1318 27.6 54.0
2030 8592 3672 1158 1662 31.2 56.2
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Table 57 VRE output & constraints rate for [A-2]

Year Demand | WP Output | PV Output |WP Constraints Winq Power VRE
[GWh] [GWh] [GWh] [GWh] Constraints Rate[%]|Proportion[%]
2022| 6623 1158 618 550 32.2 26.8
2023| 6874 1701 695 243 12.5 34.9
2024| 7105 1832 772 348 16.0 36.7
2025 7343 2365 927 288 10.9 44.8
2026 7596 2514 1004 376 13.0 46.3
2027 7857 2656 1081 471 15.1 47.6
2028| 8103 2874 1236 726 20.2 50.7
2029| 8348 3053 1390 1019 25.0 53.2
2030, 8592 3218 1545 1328 29.2 55.4

Table 58 VRE output & constraints rate for [A-3]

Year Demand | WP Output | PV Output |WP Constraints Winq Power VRE
[GWh] [GWh] [GWh] [GWh] Constraints Rate[%]|Proportion[%]
2022| 6623 941 772 451 32.4 25.9
2023| 6874 1413 869 176 11.1 33.2
2024| 7105 1524 965 262 14.7 35.0
2025| 7343 1980 1158 201 9.2 42.7
2026 7596 2108 1255 269 11.3 44.3
2027| 7857 2231 1352 344 13.4 45.6
2028| 8103 2414 1545 555 18.7 48.9
2029| 8348 2558 1738 805 23.9 51.5
2030] 8592 2679 1931 1078 28.7 53.7

Table 59 VRE output & constraints rate for [A-4]

Year Demand | WP Output | PV Output |WP Constraints Winq Power VRE
[GWh] [GWh] [GWh] [GWh] Constraints Rate[%]|Proportion[%]
2022| 6623 683 927 394 36.6 24.3
2023| 6874 1075 1043 159 12.9 30.8
2024| 7105 1159 1158 233 16.8 32.6
2025 7343 1528 1390 179 10.5 39.7
2026| 7596 1627 1506 238 12.8 41.3
2027 7857 1721 1622 301 14.9 42.6
2028| 8103 1856 1854 482 20.6 45.8
2029| 8348 1959 2085 695 26.2 48.4
2030, 8592 2041 2317 928 31.2 50.7
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Table 60 VRE output & constraints rate for [A-5]

Year Demand | WP Output | PV Output |WP Constraints Wind Power VRE
[GWh] [GWh] [GWh] [GWh] Constraints Rate[%]|Proportion[%]
2022 6623 376 1081 385 50.6 22.0
2023 6874 700 1216 179 20.4 27.9
2024| 7105 745 1352 253 25.4 29.5
2025| 7343 1031 1622 204 16.5 36.1
2026| 7596 1089 1757 264 19.5 37.5
2027 7857 1145 1892 326 22.2 38.6
2028| 8103 1209 2163 498 29.2 41.6
2029 8348 1252 2433 692 35.6 44.1
2030| 8592 1280 2703 901 41.3 46.4
AR A AFE&Ee FEdd Ao Fo] =& 49d [A-11F 7HE
EAR AR AckES FHEH GG A& Fr] &0l 50:50%0 [A-3]F & w7k 7t
A Ak Aue ool weh AR WA A AGES Fig 42004 g
= el Wasedd. mEAge] e AFAcdAt Fewd FHow
VRE A9 HFAES FE St gle dddelt. FHeYgd An 83 &
60:402] A|eFE o] 50:50 HIE&H = =AWk & 2ol WA &erh a8y F
B g An] & H] &S 70:308. 2 FReks HFole Ak EHo] AA AolE
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60.00 400G,
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Fig. 42 VRE output occupancy rate and restraints rate by installation ratio: (a)

output occupancy rate, (b) output restraints rate

_78_



o o
B XA w2 T .
2 do 5 v
B 9 g R O
o F oz "R N T
, oS ,u_.x g 8 NN =] o =
g N T o T w g /// 5 2 .m il W/mu %M do ¥ =T
o X Jml ol i X g g N ,,/ =8 = Ho Mw 29 o w
Bt W = — 0
N R FEERNNE = FoEES ] =
=o o _ / N = = iy i DA " =
4 53 () O#O & — [} (] 0
NS L il R = - ! My N o ojy h._ oy
—_— X (] LJI S| 8 = I T (89 —_— AL EE 00 .
= K o 2 S 2 - 5 O o)) 00 oy i
N o} - K 3 ol g = _ Hjo = oo -
T O 3 Ll E ) 2 9 s T g X
My =S = o 7 8 p=g o N do B WD
= = of F XO _ g o S BN g e
% .,IA My R 1_,/I MNL 5 2 mm X4 olo T 0 Oﬁ Hlo " ay _UT
() = O, — L
N m =~ B - o - g = ‘.._mw ) ew o) B - = m To°
ﬁ%ﬂmofr | 5 s g aoMo_d%%Ang%
L N e 2 2 £ oﬂa@%%ﬁoﬁﬂ
N <5 e 9 3 £ 88 8 8 - = 8 i o= ] ol
%&%@M% T i1 ELL T T 7 o qéw@k
ﬁ W H o ® & = ERG) %o o g B W Z X 2 o
o[ .o ~ 0 o N
%%ﬂ%%] \ = . 7%%!%Aﬂo.xﬁ Ll
HT o N Q \ = & = — K O#e QO < O/Oy BL = ‘H.__._»E OL
i A . // . EL B F iR
r KO i \ 8 0 X5 9 a\ 63
. My i do h._o 2|3 2Z = / . 5] m s} ol il o oF o~ m_wuﬁ
1= or N2 53533 o 5 o . ow S ™ X
EGolzlua. JIRIS 5 £ oo o 5 x
[aN] 53 [=o) 0 £ = = o 1% H J.OﬂO O%U ol ‘_IW_UIL o ,Lv‘._ ) fist Lt
Moo Waoaﬁ TT11 g £ g ® o Ao%od.ﬂm
vE B w RGN = ° W o S N o
zm A Ty = & B~ % o oo o 8 o oo
o Gey) E.o et 5 O aet O_E t
0 } ol ﬂ = S fry V )] H.r; ﬂ_oﬂ o:c UJA o
— E \m_% = = = %) o X ﬂhw._ EE T
o) g 1@ = DN e M .8 oo ﬂr S gjo W o o
= B o — X L e =] = = OE " &o — HA_I -
N ,m_.o = = 1U_l = 7 o4 = o o X o ° N <
TR T B T g g o ow I Z o oy
= ,UI S 3 g g2 g8 8 8 0 - © iy Ty N
S 8 8 48 8 g 8 . = do B T T so o M
A= T We o mmo m ﬁo H = o
& aﬁ —_— EHE ‘OI % ﬁO OO
I o T e
& z,l%gmma
< ok S 8 o
N B

o] % &7
Sr o2 Mgl

-79 -

19

T
R

o

%E]—X] o=



SMP+ 100 9/kWh, REC 7}4 &
ol 7} A (SMP+REC)S 150 /KW

Table 61 Sales revenue & profit for [A-1]

ization Raio | S5 Eerenl/ A | e ot ot

on shore | off shore | on shore | off shore | on shore | off shore | on shore | off shore
2022 15.24 19.88 180 363 40.38 30.91 -98 -120
2023 19.43 25.35 245 450 18.76 14.36 -32 -33
2024 18.64 24.31 232 433 23.11 17.69 -46 -51
2025 19.82 25.85 250 457 17.08 13.07 =27 =27
2026 19.31 25.18 242 446 19.90 15.24 -36 -38
2027 18.84 24.57 234 435 22.52 17.24 -44 -49
2028 17.69 23.07 215 409 28.91 22.13 -63 =74
2029 16.66 21.73 197 386 34.65 26.53 -80 -97
2030 15.83 20.65 183 367 39.34 30.12 -95 -116

Table 62 Sales revenue & profit for [A-2]

o R | S4% Revenle/ M | Fetucn ot ot |

on shore | off shore | on shore | off shore | on shore | off shore | on shore | off shore
2022 15.60 20.34 187 373 37.93 29.04 -90 -111
2023 20.12 26.24 257 466 14.93 11.43 -21 -18
2024 19.33 25.21 244 448 19.23 14.72 -34 -35
2025 20.50 26.74 262 472 13.27 10.16 -16 -11
2026 20.00 26.09 254 461 15.99 12.24 -24 -22
2027 19.54 25.48 246 451 18.56 14.21 -32 -33
2028 18.36 23.95 226 425 25.06 19.18 -51 -59
2029 17.24 22.49 207 400 31.28 23.95 =70 -84
2030 16.28 21.24 191 378 36.66 28.07 -87 -105
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Table 63 Sales revenue & profit for [A-3]

itation Rt 1% B | Fedvctor Kot T e

on shore | off shore | on shore | off shore | on shore | off shore | on shore | off shore
2022 15.56 20.29 189 375 37.32 28.58 -89 -108
2023 20.46 26.68 263 474 12.94 9.91 -15 -10
2024 19.62 25.60 249 456 17.37 13.30 -28 -28
2025 20.88 277.24 268 481 11.08 8.48 -09 -3
2026 20.40 26.60 260 470 13.72 10.51 -17 -13
2027 19.93 25.99 253 460 16.29 12.47 -25 -24
2028 18.70 24.39 232 433 22.99 17.60 -45 -50
2029 17.49 22.82 212 406 29.65 22.70 -65 =77
2030 16.40 21.39 194 382 35.71 27.34 -84 -102

Table 64 Sales revenue & profit for [A-4]

iation Rt 1% Bt [ Fedvctor Ko T e

on shore | off shore | on shore | off shore | on shore | off shore | on shore | off shore
2022 14.59 19.03 179 362 40.75 31.20 -99 -122
2023 20.04 26.14 258 467 14.63 11.20 -20 -17
2024 19.14 24.97 243 448 19.33 14.80 -34 -36
2025 20.59 26.85 264 476 12.37 9.47 -13 -8
2026 20.07 26.17 256 465 15.16 11.60 =22 -19
2027 19.57 25.53 248 454 17.83 13.65 -30 -30
2028 18.26 23.82 2217 425 24.93 19.09 -51 -58
2029 16.98 22.14 205 397 31.98 24.49 =72 -87
2030 15.81 20.63 186 371 38.42 29.42 -92 -1.13

Table 65 Sales revenue & profit for [A-5]

ntation atiope] S Sevenie/ M [ cton Roe | e

on shore | off shore | on shore | off shore | on shore | off shore | on shore | off shore
2022 11.37 14.83 141 312 53.13 40.68 -136 -172
2023 18.31 23.89 235 437 22.00 16.84 -42 -46
2024 17.17 22.39 217 413 27.96 21.40 -60 =70
2025 19.20 25.05 245 450 18.75 14.35 -32 -33
2026 18.51 24.15 234 435 22.41 17.16 -43 -48
2027 17.90 23.34 224 422 25.74 19.71 -54 -62
2028 16.29 21.24 198 387 34.40 26.33 -80 -96
2029 14.81 19.32 174 355 42.47 32.52 -104 -129
2030 13.50 17.61 152 325 49.75 38.09 -126 -158
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Fig. 44 VRE sales revenue and profit per IMW installed capacity according to
WP:PV installation ratios: (a) VRE sales revenue, (b) VRE profit

5.50, 0,70,
[million¥] [million¥¥] —_—2GW —2.4GW —_—3GW
5.00 0.50
> ———
W e 0.30 /
2.50 /\/K"—‘“-«-\
/ \ 0.10 .
4.00 -0.10
7 2022 272\/4/2 027 2028 2030
3.50 IGW. 2 AGW. IGW -0.30 / ZIUX;\K\\ 702\
-0.50 / ~
3.00
-0.70
2.50 -0.90 // \\
2.00 : : 2 2 Z Z Z vaa ! -1.10
2022 2023 2024 2025 2026 2027 2028 2028 2030 -1.30
(a) (b)

Fig. 45 Sales revenue & profit per IMV installed capacity according to installation
capacities: (a) VRE sales revenue, (b) VRE profit
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Table 66 The optimal capacity of VRE with minimum constraint

Year Ca\lgifity D[%Hvl\?}?]d WP[G%;;?UJ[ pV[G?/t]l;I]DUt Con;/fliiints Con;”z]faints PI‘OleE[iEOD[%]
[MW] [GWh] Rate[%]
2022 500 6623 472 322 2 0.43 11.96
2023 840 6874 919 541 5 0.49 21.17
2024 850 7105 932 547 5 0.49 20.75
2025| 1160 7343 1339 747 6 0.48 28.32
2026| 1190 7596 1379 766 6 0.47 28.15
2027| 1220 7857 1418 785 7 0.47 27.96
2028| 1260 8103 1471 811 7 0.50 28.07
2029| 1290 8348 1510 830 7 0.49 27.95
2030 1320 8592 1550 850 8 0.49 27.84
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Table 67 The optimal capacity of VRE in Jeju power grid

Optimal Scenario | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

WP [MW] 250 420 425 580 595 610 630 645 660
PV [MW] 250 420 425 580 595 610 630 645 660
Total [MW] 500 840 850 | 1160 | 1190 | 1120 | 1260 | 1290 | 1320
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Table 68 The optimal VRE installation capacity by reflecting the solution of

constraint problem using ESS

Optimal Scenario | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030

WP [MW] 350 | 400 | 450 | 500 | 650| 675| 700 | 725| 750
D-3 PV [MW] 350 | 400 | 450 | 500 | 650| 675| 700 | 725| 750
Total [MW] 700 | 800 | 900 | 1000 | 1300 | 1350 | 1400 | 1450 | 1500
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Table 69 VRE output & constraints rate for [D-3]

oqp|Demand| WP Output|PV Output|WP Constraints Vc\illor;i;tf ;‘gfsr VRE
3 ()
[GWh] [GWh] [GWh] [GWh] Rate[%] Proportion[%]
2022 6623 692 451 43 5.8 17.3
2023| 6874 864 515 2 0.2 20.1
2024 7105 989 579 9 0.9 22.1
2025| 7343 1129 644 0 0.0 24.1
2026 7596 1506 837 17 1.1 30.8
2027 7857 1569 869 20 1.3 31.0
2028| 8103 1632 901 23 1.4 31.3
2029| 8348 1695 933 26 1.5 31.5
2030| 8592 1758 965 29 1.6 31.7
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Fig. 48 Sales revenue and profit per 1MV installed capacity according to WP:PV

installation ratio: (a) reduction of sales revenue, (b) reduction of profit
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Table 70 Sales revenue & Profit for [D-3]

e . Sales Revenue/MW | Reduction Rate of Profit/MW
Utilization Ratio[%] [million W] / Sales Revenue [%] [millioéW]
on shore | off shore | on shore | off shore | on shore | off shore | on shore | off shore

2022 21.66 28.25 283 501 6.08 4.65 6 18
2023 22.95 29.93 301 525 0.25 0.19 23 41
2024 22.79 29.73 299 522 1.00 0.77 21 38
2025 23.00 29.99 302 526 0.02 0.02 24 472
2026 22.74 29.66 298 520 1.33 1.02 20 37
2027 22.71 29.62 297 520 1.49 1.14 20 36
2028 22.68 29.59 297 519 1.61 1.24 19 36
2029 22.66 29.55 297 519 1.76 1.34 19 35
2030 22.63 29.52 296 518 1.90 1.45 18 34
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