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ABSTRACT

This study aims to assess offshore wind energy resources around Jeju Island using
the InVEST Offshore Wind model. First the wind power density around the coast of Jeju
was calculated using reanalysis data from the Korean Local Analysis and Prediction
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System (KLAPS). Next, the net present value (NPV) for the 168MW offshore wind
farm scenario was evaluated taking into consideration factors like costs (turbine

development, submarine cable installation, maintenance), turbine operation efficiency, and
a 20year operation period. It was determined that there are high wind resources along
both the western and eastern coasts of Jeju Island, with high wind power densities of
400 W/m’ calculated . To visually evaluate the NPV around Jeju Island, a classification
of five grades was employed, and results showed that the western sea area has a high
NPV, with wind power resources over 400 W/m'. The InVEST Offshore Wind model can
quickly provide optimal spatial information for various wind farm scenarios. The InVEST
model can be used in combination with results of marine ecosystem service evaluation

to design an efficient marine spatial plan around Jeju Island.
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FIGURE 1. Example of Weibull probability density function with various shape
factors(k) (Source: Manwell et al., 2009; Sharp et al., 2016)
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FIGURE 2. Output Power(P) curve of a wind
turbine as a function of wind speed
(Source: Sharp et al., 2016)
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FIGURE 3. Schematic diagram of the re—analysis data region and grid in the KLAPS
(Source: Jang et al., 2016)
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FIGURE 4. Bathymetry around Jeju Island
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TABLE 1. Electricity transmission costs from 20 wind farms
, Cost Capacity Depth AC/ Cable length(km)
Wind Farm (million US$) (MW) (m) DC land _ Sea  Tow
Barrow 52.73 0 14.0 AC 3.0 27.0 30.0
Robin Rigg 93.25 180 6.0 AC 1.8 12.5 14.3
Gunfleet Sands 1&2 75.80 173 6.5 AC 3.8 9.3 13.1
Sheringham Shoal 285.08 315 18.5 AC 21.5 22.4 43.9
Ormonde 158.27 150 19.0 AC 2.8 43.0 45.8
Greater Gabbard 495.64 504 20.5 AC 0.6 455 46.1
Thanet 255.34 300 18.5 AC 2.4 26.3 28.7
Walney 1 173.56 183 21.0 AC 2.7 45.3 48.0
Walney 2 164.38 183 27.0 AC 5.0 43.7 48.7
Gwynt y Mor 449.38 576 27.5 AC 1.0 N4 52.4
Lincs 456.44 250 9.5 AC 12.0 48.0 60.0
London Array Phase 1 699.28 630 11.5 AC 0.8 54.0 54.8
Nodergrunde 89.82 M 7.0 AC 4.0 28.0 32.0
Dolwin 1 1221.81 800 30.5 AC 90.0 28.0 32.0
Dolwin 2 1021.5 900 29.0 DC 90.0 45.0 135.0
Helwin 2 817.51 690 28.5 DC 45.0 85.0 130.0
Sylwin 1 1393.38 864 26.0 DC 45.0 160.0 205.0
Helwin 1 718.71 576 23.0 DC 45.0 85.0 130.0
Borwin 2 718.71 800 40.0 DC 75.0 120.0 195.0
Borwin 1 598.83 400 40.0 DC 75.0 125.0 200.0
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TABLE 2. Scenario of offshore wind farm on Jeju Isalnd shores

Category Scenario
Turbine capacity (MW) 7
Number of turbine 24
Height of turbine (m) 110
Rotor diameter (m) 171
Trade price (KWh/won) 194
Cable cost(km/million US$) 1.36
Operation period (year) 20
Discount rate (%) 8
Cut=in (m/s) 3
Wind Speed Rated (m/s) 13
Cut—out (m/s) 25
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FIGURE 5. Power density around Jeju Island
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FIGURE 6. Net Present Value for Offshore wind farm in Jeju Island
(x symbols are the location of electrical substation)
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