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Abstract

Although renewable power is regarded a way to active response to climate change, the stability of whole
power system could be a serious problem in the future due to its uncertainties such as indispatchableness and
intermittency. From this perspective, the peak time impact of stochastic wind power generation is estimated
using simulation method up to year 2030 based on the 3rd master plan for the promotion of new and renewable
energy on peak time. Result shows that the highest probability of wind power impact on peak time power
supply could be up to 4.41% in 2030. The impact of wind power generation on overall power mix is also
analyzed up to 2030 using SCM model. The impact seems smaller than expectation, however, the estimated
investment cost to make up such lack of power generation in terms of LNG power generation facilities is
shown to be a significant burden to existing power companies.

Key Wonds : SCM(Screening Curve Method), Renewable power, Wind power generation, Intermittency, Power
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Table 1. Planned power generation based on 3rd Master
Plan for Power

Year Generation  Peak load Load factor
(GWh) (MW) (%)
2006 353086 58990 68.3
2007 380623 60932 71.3
2008 404094 63669 72.5
2009 424470 66152 73.2
2010 441891 68523 73.6
2011 456689 70494 74.0
2012 469178 72203 74.2
2013 480231 73639 74.4
2014 489587 74763 74.8
2015 497546 75730 75.0
2016 504441 76587 75.2
2017 510968 77334 754
2018 517093 78070 75.6
2019 522870 78677 75.9
2020 528452 79296 76.1
2021 536678 80531 76.1
2022 545033 81784 76.1
2023 553517 83057 76.1
2024 562134 84350 76.1
2025 570884 85663 76.1
2026 579771 86997 76.1
2027 588796 88351 76.1
2028 597962 89726 76.1
2029 607270 91123 76.1
2030 616724 92542 76.1




Fed ol saeglst ddulTAld X

Balel g L=GxI 9 o] Furh o],
di= I~ L, dL~ max{dL}, (i1,2,..8760)0.2 A<} &}
o J2E A= Zfﬁfx(%ﬂinft £ W5
W, ol & o) gl U7t WA HojwaE FA B
FA7lE NES Fosid s YT 5 Uk
A3z AAPAIA 71EAE & o4 - BF 7]
EA S s@da A Ay 852 20063
718 2.4%00 A1 11%E @8] 4.6u) 2 Sofala,
PR FTFFREE B SFF 449)(80-3,504MW), F
2 379(199—7,301MW), H}o] S 19u)(1872H4,000—
3,6484H7,000Geal), A Qe 51u(110—5,606Geal) &
Bojus Ao g Aggo] gt} Table 2= o] &
AAste] AR FHEA BRFA Yot

=

3.2. EYRo| mIEtY FEEM
FTHLAZFLE FolA NHAXS AF
of thall A=o] A dulf = g

BE B DAL ARSAY 977

Table 2. Future wind power generation based on 3rd
Promotion Plan for New and Renewable Energy

Total Wind Power
year  generation  (enration Ratio  Capacity
(GWh) (MWh) (%) kW)
2008 4040945 2621500 0.065  199000.0
2009 4244699 3087911  0.073  234405.6
2010 441890.7 3637305 0.082 276110.6
2011 456689.3 4284446 0094 3252355
2012 4691777 5046725 0.108  383100.7
2013 4802305 5944628 0.124  451261.1
2014 489586.6 7002282  0.143 5315485
2015 497546.5 8248113  0.166 6261204
2016 5044412  971559.8  0.193 7375183
2017  510968.4 11444176 0.224 8687359
2018 517093.1  1348029.8 0261 1023299.5
2019 522869.7 15878682 0.304 1205362.6
2020 5284520 1870378.1 0354 1419818.0
2021 5366784 22031516 0411 16724288
2022 5450327 25951314 0476 1969983.6
2023 553517.1  3056851.3 0552 23204787
2024 562133.6 36007194 0.641 27333330
2025 5708842 42413513  0.743 32196415
2026 579771.1  4995963.0 0.862 37924729
2027  588796.3 58848336 0999 4467221.1
2028 597961.9 69318499 1.159 5262019.0
2029 6072703  8165149.1 1.345 6198225.6
2030 6167235 96178740 1.560 7301000.0
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Table 3. Scenarios for analysis

Scenario 1 Fixed Power Generation of Peak time impact based on original peak of demand.
(S1) Wind with Original Peak Each simulation has the same amount of generation.
Scenario 2 Fixed Power Generation of Peak time m’lpact.based' on new peak of'df:mand through
(S2) Wind with New Peak subtracting simulation result from original peak.

Each simulation has the same amount of generation.
Scenario 3 Variable Power Generation of Peak time impact based on original peak of demand.
(S3) Wind with Original Peak Each simulation has the different amount of generation.

Peak time impact based on new peak of demand through
subtracting simulation result from original peak.
Each simulation has the different amount of generation.

Scenario 4 Variable Power Generation of
(S4) Wind with New Peak
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R, Fig. 32 40l AH2-E AvE] o] g 7=
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Fig. 3. Illustration of Scenario.

Table 4. Simulation Result (S1)

Min portion 2.5% portion 50% portion  97.5%  portion Max portion

L MWh) (%) (MWh) (%) (MWh) (%)  (MWh) (%)  (MWh) (%)
2008 0.49 0.00 3.10 0.00 28.70 0.05 79.81 0.13 113.98 0.18
2009 0.26 0.00 2.84 0.00 34.12 0.05 92.31 0.14 136.43 0.21
2010 0.20 0.00 3.19 0.00 36.91 0.05 115.79 0.17 226.04 0.33
2011 0.58 0.00 3.42 0.00 47.02 0.07 126.33 0.18 176.93 0.25
2012 0.63 0.00 4.56 0.01 52.55 0.07 155.91 0.22 230.03 0.32
2013 1.04 0.00 5.66 0.01 65.77 0.09 187.83 0.26 245.53 0.33
2014 1.51 0.00 6.99 0.01 71.77 0.10 23291 0.31 294.04 0.39
2015 1.85 0.00 6.30 0.01 91.32 0.12 266.49 0.35 389.25 0.51
2016 3.21 0.00 9.20 0.01 107.25 0.14 311.18 0.41 413.22 0.54
2017 1.63 0.00 10.10 0.01 120.98 0.16 360.28 0.47 470.40 0.61
2018 1.31 0.00 10.46 0.01 155.76 0.20 430.22 0.55 634.52 0.81
2019 1.57 0.00 15.24 0.02 175.61 0.22 506.27 0.64 679.62 0.86
2020 422 0.01 19.74 0.02 206.35 0.26 580.67 0.73 950.35 1.20
2021 3.72 0.00 19.12 0.02 231.67 0.29 670.97 0.83 916.20 1.14
2022 1.32 0.00 22.86 0.03 288.21 0.35 795.35 0.97 1183.41 1.45
2023 3.35 0.00 30.89 0.04 32591 0.39 944.22 1.14 1382.82 1.66
2024 3.22 0.00 35.85 0.04 371.41 0.44 1126.39 1.34 1663.40 1.97
2025 8.56 0.01 39.42 0.05 399.97 0.47 1267.25 1.48 1857.23 2.17
2026 498 0.01 50.19 0.06 530.66 0.61 1626.62 1.87 2327.63 2.68
2027 11.66 0.01 59.58 0.07 678.27 0.77 1877.08 2.12 2960.92 3.35
2028 929 0.01 67.08 0.07 789.16 0.88 2186.23 2.44 3315.46 3.70
2029 8.82 0.01 101.07 0.11 902.60 0.99 2462.55 2.70 3915.36 430

2030 4.59 0.00 96.02 0.10 1026.06 1.11 2861.82 3.09 4084.80 441
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Fig. 4. Simulation Result of wind power's peak time im-
pact(Top. 2020, Bottom 2030) based on S1.
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Table S. Input data for power plants

Nuclear Coal LNG

1000 1400 500 800 500 500 700

Contruction cost(thou.VkW) 1853 1731 1161 1064 962 680 665

Durability(year) 40 40 30 30 30 30 30

Discount rate(%) 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Capital recovery factor(%) 7.94 7.94 8.47 8.47 8.47 8.47 8.47
Corporation tax rate(%) 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Operation maintenance rate(%) 5.19 4.69 3.21 2.84 2.84 545 4.80
Fixed assets ratio(%) 13.14 12.65 11.70 11.33 11.33 13.94 13.29
Maintenance cost(thou.\VkW.month) 8.01 6.77 3.11 2.52 2.28 3.09 2.66
Fuel purchase cost(\kg,l) - - 56.32 56.32 56.32 459.44 45944
Caloric value(kcal/kg,l) - - 5911 5911 5911 12996 12996
Fuel cost(Vmil kcal) 1380 1380 9529 9529 9529 35353 35353
Heat rate(kcal/kWh) 2315 2357 2059 2110 2059 1641 1631
Generating efficiency(%) 37.1 36.5 41.8 40.8 41.8 524 527
Unit cost of fuel(VkWh) 4.55 4.59 20.52 20.97 20.46 58.78 58.42

Internal consumption rate(%) 4.6 4.1 44 4.1 4.1 1.3 1.3

Table 6. Power generation cost based on the 3rd master Table 7. Expected power generation based on 3rd master
plan for power plan for power

Nuclear Coal LNG Year AnnGen Peak Medium Base
1000 1400 500 800 1000 500 700 (MWh)  (MWh)  (MWh) (MWh)

Fixed Cost 2008 404094 36144 312117 55833
x Utilization 2009 424470 37681 327524 59266
Coefficient 29.1 26.1 162 143 13.0 11.0 102 2010 441891 39092 340809 61990
(VkWh) 2011 456689 40274 352075 64340
Var. Cost 2012 469178 41289 361603 66286
(VKWh) 455 459 205 21.0 205 588 584 2013 480231 42157 370002 68072
2014 489587 42857 377069 69662

2015 497546 43456 383085 71005

9] Mg 1000MW wHd Ay, 183 8760417 ¢ 2016 504441 43982 388307 72152
. 2017 510968 44455 393220 73293

A 140MW b e} Fhge] dastAl dn. 2018 517093 44913 397846 74334
o]& o]g3td FTHL IIF TE AP 2008 2019 522870 45310 402170 75389
W~20301d FAFE =3 YHTable 7). F oA 2020 528452 45707 406363 76381
AmGene A7t % @A) peak= LNG 2021 536678 46419 412689 77570
200MW diume. Ae 10 © e 2022 545033 47141 419114 78778
» medium2 A% 1000MW, basew YA 2023 553517 47875 425637 80004
1400MW i du)o]c}, 3tAgt 33} MY FFI]E 2024 562134 48620 432264 81250
A 7 FAY Z SCMo| o) BHE A 2025 570884 49377 438992 82515
T AS e S s a0 TTL Wm0 o
Ae F FEARY AFAE duve BA7 AL 2028 597962 51719 459814 86428
< AFE £ Y- 2029 607270 52524 466972 87774

Table 791 AA)E A LAL L2 A0 E 2008 2030 616724 53342 474242 89140

d~2030039] e 33k AFFFVIRA
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Table 8. Estimated investment cost required for each
scenario on 2030 (Unit ; billion won/year)

Scenario Min 2.50% 50.00%  97.50% Max
S1 41 860 9,186 25,620 36,568
S2 41 476 3,819 12,915 20,899
S3 43 853 9,084 26,070 36,298
S4 43 455 3,860 13,227 19,839

Table 9. Estimated investment cost required for each power companies on 2030 (unit
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KOMIPO Western

Senario KOSEP Power KOSPO EwWP Kwater  GS power  GSEPS others
S1 2288 6560.1 5893.8 6958.8 6246.1 256 2882.9 1441.5 802
S2 1307.58 3749.06 3368.27 3976.93 3569.63 146.33 1647.59 823.8 458.35
S3 1307.58 3749.06 3368.27 3976.93 3569.63 146.33 1647.59 823.8 458.35
S4 1241.29 3558.99 31975 377531 3388.66 138.91 1564.06 782.03 435.11
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