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Summary

Recently, many companies in the wind energy industry have been planning
for overseas expansion because of the slump in their own country. To do so,
these companies need to evaluate the feasibility of wind resources and wind
plants. We need baseline data like roughness length data, contour data and
wind data for the wind resource data.

In this study, land cover maps were created by remote sensing technique
with satellite images. Roughness length maps were created using land cover
maps. They are used as basic data to evaluate wind resources with wind
data and elevation data.

First, the Landsat TM images of 30m resolution were used to create land
cover maps. The K-means clustering technique and the NDVI technique were
applied to classify land-cover. The overall accuracy using K-means clustering
technique was 62.31%. The overall accuracy using NDVI technique was
72.44%. When comparing the K-means clustering technique and the NDVI
technique, the overall accuracy was increased about 10%.

Next, wind resource maps was created. Roughness length data, contour
data and the wind data for the wind resource map were required. To do this,
the land cover maps were applied to a majority filter by a leading study for
roughness length data. If the majority filter is used, the analysis gets faster
and an error happens decreases.

Then, the contour data were created by digital maps and wind data from
met-masts and AWSs. By using data calculated this way, the wind resource
map was made. The energy density data from Han-dong and Gu-jwa were
compared based on the wind resource map. As a result, we found that the

NDVI technique was very useful to calculate wind energy density in jeju.
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Table 2.1 Characteristic of Landsat TM
Band Wavelength(um) IFOV
1 0.45 ~ 052 Blue 30m
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4 0.76 = 0.90 IR 30m
5 1.55 7 1.75 Mid-IR 30m
6 104 7 125 Thermal-1R 120m
7 2.08 7 2.35 Mid-IR 30m
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Table 2.2 Tasseled Cap Correlation Coefficient of Landsat-5 TM

Index Band 1 | Band 2 | Band 3 | Band 4 | Band 5 | Band 7

Brightness | 0.2909 0.2493 0.4806 0.5568 0.4438 0.1706

Greenness | -0.2728 | -0.2174 | -0.5508 | 0.7221 0.0733 | -0.1648

Wetness 0.1446 0.1761 0.3322 0.3396 | -0.6210 | -0.4186

Table 2.3 Tasseled Cap Correlation Coefficient of Landsat-7 ETM+

Index Band 1 | Band 2 | Band 3 | Band 4 | Band 5 | Band 7

Brightness | 0.3561 0.3972 0.3904 0.6966 0.2286 0.1596

Greenness | -0.3344 | -0.3544 | -0.455+ | 0.6966 | -0.0242 | -0.2630

Wetness 0.2626 0.2141 0.0926 0.0656 | -0.7629 | -0.5388
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Table 2.4 Equation

Tasseled Cap
Transformation Wetness = 0.1446 TM1+0.1761 7TM2 +0.33227TM3
+0.3396 7214 —0.62107M5—0.4186 TM7
Wetness
Band4 — Band3
NDVI NDVI= PandA+ Band3
Band2 — Band5
MNDWI MNDWI= Pand? - Bands
Band7— Band4
Buil = Band;+Band4
Band ratio
n
~ Band5+ Band?2
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Figure 2.5 Land Cover Map using Unsupervised classification.

Figure 2.6 Land Cover Map using NDVI Technique.
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tgoR b dudos AaE 49 A%E dehin 2 2R Fes

EAE= A3 A= (Overall accuracy)v 62.31%°] ASEE B, A
A A% (Overall accuracy)”t

o wol 1013% o w4

==
} = Water Forest Urban Farm Grass
b
Water 39502 34 6 46 48
Forest 13 1718 32 281 808
Urban 445 637 445 1543 1453
Farm 190 9882 1265 5924 10267
Grass 53 637 116 689 2009
Overall Accuracy 62.31 %
Table 2.6. Error Matrix for NDVI Technique
==
) - Water Forest Urban Farm Grass
b
Water 40190 138 294 48 82
Forest 11 1016 49 820 975
Urban 206 347 477 2688 789
Farm 56 4822 420 14987 6631
Grass 21 675 91 2783 989
Overall Accuracy 72.44 %
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Figure 3.3 Land Cover Map using Majority Filter
(left: Unsupervised Classification, Right: NDVI Technique)
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Figure 3.4 Vectorization.
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A AHMZREAES 2 2 Zo] e uE F=FWE Table 3.63%
Zre}. W E 3 (Vectorization) @ Figure 3.49F #Zo] @ ~¥ (Raster) 7% A&
ol 4 ME (Vector) T-%9 AE7 Halal= mpgom z+zle] Axpr} 7A =

Aste] FAW 4 e AHERA FARE IYT 0L 9

Table 3.1 Roughness Length (Troen and Petersen, 1989)

Class Land Cover Type Roughness Length (m)
1 Water Area 0.0001
2 Forest Area 0.8
3 Urbanization 1.0
4 Cropland 0.4
5 Grassland 0.0075

Figure 2.5 The Characteristics of Roughness—change Line.
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Figure 3.6 Roughness Length Map using Unsupervised Classification.

Figure 3.7 Roughness Length Map using NDVI Technique.
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Figure 3.9 The Wind Rose of AWS.
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Figure 3.10 Monthly Mean Wind Speed of AWS.
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Figure 3.11 Met-mast (left: Handong, right: Pyungdae).

Table 3.3 The Mean Wind Speed of each Area

60m 58m 50m 40m 30m

Mean

Han- Wind
7.265 7.174 7.054 6.809 6.576

dong speed

(m/s)

Mean

Pyung- | Wind
7.254 7.178 6.988 6.814 6.562
dae speed

(m/s)

Figure 3.12 The Wind Rose at 60m (left: Handong, right: Pyungdae).
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Figure 3.14 Monthly Mean Wind Speed of Pyungdae.
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W4 3 WASPT

dsteh o] TeaWe FHUA B 2L Hrle TEolm, FHwAs] )

oft

A & FEUAGA] AAd dHgsithe FHES 7FA I JoH(S-A T, 2011).
ZHA YA R ML= UTM(Universal Transverse Mercator Grid) =
RAE AL8-3} 4] Xmin=297,600m, Xmax=302,600m, Y min=3,710,500m,
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AR 71 el o8] AdH AMEEAE, MCPHHS ol&ste] &7 F32
2 149 FIXEIF AFEHAY. FEHALAEY dUA T5 i W=
A A A1 4~ (NREL: National Renewable Energy Laboratory)ol A |83}
+ sd9dyA Faiel il EFEHAL, FHAUYA suiEe T Table
3.2¢F #t.
Table 3.4. Wind Power Density Class (Source: NREL)
. At 10m height At 50m height
Wind _ Wind _ Wind
Power Resource Wind Wind
. . Soeed Power Soeed Power
Density Potential ( pe/e ) Density (II;e/e ) Density
m/s S
Class (W/m?) (W/m)
1 Poor 0-44 0 - 100 0 - 56 0 - 200
2 Marginal 44 - 51 100 - 150 | 56 - 64 | 200 - 300
3 Fair 51 -56 | 150 - 200 | 64 - 7.0 | 300 - 400
4 Good 56 - 60 | 200 - 250 | 7.0 - 75 | 400 - 500
5 Excellent 6.0 - 64 250 - 300 75 - 80 500 - 600
6 Outstanding | 64 - 7.0 | 300 - 400 | 80 - 88 | 600 — 700
7 Superb 70 - 94 | 400 - 1000 | 88 - 11.9 | 700 — 2000
Figure 3.15 Position of Anemometer.
Figure 3.15= 77} 3$F-sMet-mast, ¥ I Met-mast, TFHAWSS] <] X] o]t}
HARYAE A ARe AWHEEARY HFS 7 AHoA F53 FHolY
Aol Hlalo] 93] AZFstA T
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Figure 3.16 The wind resource map at 50m (using K-means clustering).
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Figure 3.17 The wind resource map at 50m (using NDVI technique).

ri

A, 50m =0l FHAPAEE ZHA 5 tH(Figure 3.16, Figure 3.17). 50m
Eolof FEAVE AR = sy Fd A Hel| tiste] HlwE AAES T
K-means clustering7] & ©] &3 FHAYA T 3E AL 506487W/m?

A A9 516.908W/m?el ™, A A G 7|¥S AL&3 FHAAA LA FE
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29L& 521.91W/m? Hdl A9 519.111W/m°2 =o]7} moldo| upe} AwHzx

=o] Bt Aaso] Hld ge vEdEs & 5 ATk

w
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Figure 3.19 The wind resource map at 30m (using NDVI technique).

T3 30m =ol9 FHAYA =(Figure 3.18, Figure 3.19)°14 K-means
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391.70W/m? Hth A o] 43555W/m?o]ar, 2| AA4 7S # g3 FHALXA
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Aol melx| ekgkrh,
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Figure 3.20 The wind resource map at 10m (using K-means clustering).
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Figure 3.21 The wind resource map at 10m (using NDVI technique).
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