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Abstract

To be feasible, a master plan for renewable energy development should be based on reliable
resource assessments. In particular, to reach carbon neutrality, long-term renewable energy
potential prospects by 2050 are required. Such assessment is key to establish a future resource
model by defining a proper future prospect scenario with regard to the potential determinants of
future potential prospects. As part of developing future wind resource potential models, this
paper describes technology scenarios deduced by statistical analysis of domestic onshore wind
farm data. The rated power of the standard wind turbine was defined as 5.5, 4, and 8 MW in the
moderate, conservative, and advanced scenarios, respectively. The turbine diameter, hub height,
and specific power of each scenario were determined according to IEC wind classes. The results
of this study are in accordance with the wind power outlooks of the USA and Europe, and are
expected to be utilized as a basic reference to estimate realistic onshore wind future potentials.

Keywords: 7|2 &2} (Future wind energy), &2 X (Wind deployment), &2 E] ¥1(Wind
turbine), 7 & 1]'—04 T7H Available wind resource zone), IEC 3 BBl 53(IEC classification
of wind turbine, IEC wind class), &2 TX*] d]o]E](Wind farm data)
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Table 1 Definition and criteria of wind resource potential”

Category Definition Multicriteria

Amount of wind power in installed capacity and
Theoretical potential power generation with assumed capacity density of Turbine capacity, capacity density, capacity factor

5 MW/km®
Amount of wind power in installed capacity and ~ Geographical constraints (waterbody, wetlands,
Technical potential ~ power generation, which is excluded geographical steep slope, and landslide hazard area)
unusable areas and reflected technical constraints Technical losses

Amount of wind power in installed capacity and ~ Market constraints (levelized cost of energy <

. power generation, which is additionally excluding system marginal price + renewable energy
Market potential . . . .
environmental conservation areas and reflecting certificate)
government support and market constraints Regulatory constraints”
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Fig. 1 Distribution of similar wind speed and complexity areas over the 21 years (2000~2021). Yellow circles represent
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selected international country in this study

Table 2 Main national wind installed capacity and capacity density

Nations Total installations 2020 (MW) Capacity density (MW/km?)
South Korea 1,515 0.015
USA 122,275 0.013
Canada 13,577 0.004
Brazil 17,750 0.002
Mexico 6,789 0.003
Argentina 2,618 0.001
Chile 2,829 0.004
Egypt 1,645 0.001
Kenya 338 0.001
South Africa 2,465 0.002
China 278,324 0.029
India 38,625 0.012
Australia 7,296 0.001
Pakistan 1,287 0.001
Japan 4373 0.012
Vetnam 513 0.002
Philippines 427 0.001
Thailand 1,538 0.003
Germany 55,122 0.154
France 17,946 0.028
Sweden 9,811 0.022
Unite Kingdom 13,731 0.057
Turkey 9,280 0.012
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Fig. 2 Development flowchart of future wind turbine capacity
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Fig. 3 Historical values based on domestic” and international® nameplate capacity
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Table 3 Percentage of installed turbines in IEC classification of wind turbine and wind classes

Category IEC I high winds IEC II medium wind IEC III low wind
Total 30.4% 43.4% 26.1%
Latest years 22.3% 39.6% 38.1%
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Fig. 4 Relationship of rotor dimeter (left) and hub height (right) against turbine capacity
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Table 4 Future general wind turbine technology

Conservative Moderate Advanced
Category
IECI IECTI IEC III IECI IECTI IEC III IECI IECII IECIII
Turbine rating
4 5.5 8
(MW)
Hub height 100 120 150
(m)

Rotor (:ﬁmeter 115 128 146 142 160 184 188 214 246
Specific power

(W) 0.38 0.31 0.24 0.35 0.27 0.21 0.28 0.22 0.17

5.2 &8

& Aol =] AL S 24 2EA A8 HlolEE Fo At A Ea S EHR /A1

B ee Bgt BB SARE 5, A9I9 1)1 Qo] EAR RS Fesle] L9519 vl
FARNG- 314 27, FARN G5\ 0k0] S NPT Austste] F44l0] F]atsle] mle) B

(D) vl B8RV ]&2 AU QR 4 ~ 8 MWE AlRtstact. =12] 22 B3 €Yl S5 9 = A
Z7)& 455 Est] B4 AU, BE Alue]e, AR A AL e 2 Bt Z1zke] A
] @of] sigshks B8R =4 AlZ7 &S §Hdsto] 4 MW, 5.5 MW, 12|17 8 MWE AA|613

/ ==

Journal of the Korean Solar Energy Society Vol. 42, No. 3, 2022 69



el ] =2l

o}, JA Z2Eulo] 20184 715 2.3 MWEL} 1.7 ~ 3.58) 27}t -gafolc}. 052 nj=te] 2030 K
F Al 2ol AAE 4 ~ T MWPeE-5580] 20508 BF AUl 71F 4.5 MW 2] SARt 9l
Zshe Ao =2 Yepdt
(2) Alve] e Feee duele [EC e 534 elelg o FAslsldnt. & 71E 587|e2
Tt B4 FHERIC 4 S 7152 5]E koot oAt 738 Agtste] B4 I njH B
ZF71&L Hilgwe] fiPsio] wlet delr)e 58 koot FE 5T oA AL dutsisio] A
A5tsit. B FEER0] A9k 88 715t Ao ke Alue] e B 717} 51 H420] 100 m, 120 m,
150 mEFAHOR 115~ 146 m, 142 ~ 184 m, 188 ~ 246 m 3]AA}t A 73S AWol= AL Aog &
o}, Qetele S ERIT-G AR SRS HlwRh A7} 5H40] 5~ 20 m, SRt A730] —21 ~2m
27t Qe A0 = et 2] @2 = ERl0] 2018 71 2.3 MWe] 61H20] 83.5 m
7} 1.2 ~ 1.88) A= AR T, 372 4L 113 m HlSabAY 28] A& A= Aoz A=t
S e el 9 BEL2 4 d9] 71E E ghr)AEe] o] Hiedw]ofof g2 BRI 4= It
2] FF 2] 205097121 2] A Q) 7|& N Lo what gebd 4= glon, 71E<] gold vl FE
7l 71&0] 7185 2] F7Re Alte| o8 HAESE ARt AL f2e AT Aiel st B2 o] 9
Avhe s 0 2 TRseh AU 2.8 AR Aolw, 25 AR Salvket WAk Aol 4§ 75t e
o 2 FHARLN A9 0] AZe AES B FAEolor g A o2 Helrk SPE BEZ NI A]

1o,
ry
b
3

o8
e 9] YRS Aefste] Azt mhE BRI ES Hhejoto] B W e UAfEF 4ol 282
of7golctk.
%7

2 A= A SR MOTIE) € ol 2] 7|87 FAKETEP) 9] 2|92 wrof 4=845t A IA|¢]

YtHNo. 202113020020010).

REFERENCES

1. Korea Institute of Energy Research, New-Renewable Energy Resource Map Upgrade and Market Potential
Analysis, Ministry of Trade, Industry and Energy, 2017.

2. Korea Energy Agency, New and Renewable Energy White Paper, 2020. last accessed on the 11" April 2022.

3. Kim, J.-Y., Kang, Y.-H., Cho, S., Yun, C., Kim, C. K., Kim, H.-Y., Lee, S. M., and Kim, H.-G., Assessment of
Energy Self-sufficiency Ratio Based on Renewable Market Potentials for Unit of Local Government, Journal of
the Korean Solar Energy Society, Vol. 39, No. 6, pp. 137-151, 2019.

4. Kim, J.-Y., Kim, C. K., Yun, C.-Y., Kim, H.-G., and Kang, Y.-H., Assessment of Techno-economic Potentials
for Solar Thermal Energy in South Korea, AIP Conference Proceedings, Vol. 2126, No. 190008, pp. 1-5, 2019.

5. Katsigiannis, Y. A., Stavrakakis, G. S., and Pharconides, C., Effect of Wind Turbine Classes on the Electricity

70

Journal of the Korean Solar Energy Society Vol. 42, No. 3, 2022



Ok #2 SHEY Ve HY _ G

Production of Wind Farms in Cyprus Island, Conference Papers in Science, Vol. 2013, No. 750958, pp. 1-6,
2013.

6. IRENA, Future of Wind: Deployment, Investment, Technology, Grid Integration and Socio-economic Aspects,
pp- 88, 2019.

7. Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horanyi, A., Mufioz-Sabater, J., Nicolas, J., Peubey, C.,
Radu, R., Schepers, D., Simmons, A., Soci, C., Abdalla, S., Abellan, X., Balsamo, G., Bechtold, P., Biavati, G.,
Bidlot, J., Bonavita, M., Chiara, G.D., Dahlgren, P., Dee, D., Diamantakis, M., Dragani, T., Flemming, J.,
Forbes, R., Fuentes, M., Geer, A., Haimberger, L., Healy, S., Hogan, R.J., Holm, E., Janiskova, M., Keeley, S.,
Laloyaux, P., Lopez, P., Lupu, C., Radnoti, G., Rosnay, P., Rozum, O., Vamborg, F., Villaume, S., and
Thépaut, J.N., The ERAS5 Global Reanalysis, Quarterly J. of the Royal Meteorological Society, Vol. 146, No.
730, pp. 1999-2049, 2020, https://doi.org/10.1002/qj.3803.

8. Global Wind Atlas, 2021. https://globalwindatlas.info. last accessed on the 11™ April 2022.

9. Global Wind Energy Council, Global Wind Report, 2021. https://gwec.net. last accessed on the 11" April 2022.

10. Korea Wind Energy Industry Association, 2020 Annual Report on Wind Energy Industry in Korea, 2020. last
accessed on the 11™ April 2022.

11. Public Data Portal, Korea Energy Agency-Wind farm location information, 2021. https://data.go.kr last
accessed on the 11™ April 2022.

12. Wind Energy Database. 2022. https://thewindpower.net. last accessed on the 11" April 2022.

13. NREL, ATB Data for Technologies, 2021. https:/atb.nrel.gov last accessed on the 26™ April 2022.

14. Enevoldsen, P., Permien, F.-H., Bakhtaoui, I.e., von Krauland, A.-K.,Jacobson, M. Z., Xydis, G., Sovacool, B.
K., Valentine, S. V., Luecht, D., and Oxley, G., How Much Wind Power Potential Does Europe Have?

Examing European Wind Power Potential with an Enhanced Socio-technical Atlas, Vol. 132, pp. 1092-1100,
2019.

Journal of the Korean Solar Energy Society Vol. 42, No. 3, 2022 71



