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Prediction of Annual Energy Production of Wind Farms
in Complex Terrain using MERRA Reanalysis Data
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Abstract : The MERRA reanalysis data provided online by NASA was applied to predict the annual energy
productions of two largest wind farms in Korea. The two wind farms, Gangwon wind farm and Yeongyang wind
farm, are located on complex terrain. For the prediction, a commercial CFD program, WindSim, was used. The
annual energy productions of the two wind farms were obtained for three separate years of MERRA data from June
2007 to May 2012, and the results were compared with the measured values listed in the CDM reports of the two
wind farms. As the result, the prediction errors of six comparisons were within 9 percent when the availabilities
of the wind farms were assumed to be 100 percent. Although further investigations are necessary, the MERRA

reanalysis data seem useful tentatively to predict adjacent wind resources when measurement data are not available.
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(b) Yeongyang wind farm

(@) Gangwon wind farm

Fig. 1 Wind farm layouts
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Fig. 2 Power curves of wind turbines
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Table 1 MERRA reanalysis data

Gangwon wind farm

2010 2011 2012
mean wind
speed (m/s) 5.73 5.68 5.53
Weobull | k 2.25 2.40 2.19
parameter| A 6.47 6.41 6.25
wind WE) | Wewe) | wen)

direction(®)

Yeongyang wind farm
2009 - 2010 | 2010 - 2011 | 2011 - 2012

mean wind
speed (m/s) 6.12 596 594
Weobull |_k 217 2.35 297
parameter| A 6.88 6.80 677
wind 5 3 X
direction(®) WNW(300°) | WNW(300°) | WNW(300°)

S=Ef ORISR =EF Vol. 34, No. 2, 2014



Fig. 3% MERRA AJ&|A] 25 gk A%
W ooy Wol, AA| oy = Ao ok
W dquA] U JAER et AE
HolFal 9ty oA ARy, dEERE
A BEE7} FAS FES %E}LHL A=
A & F Ut

[ 0 0
330 .30 330 30 30

300 60 300/ 60

e /
f / AN T
270 Wl ] I |90 270 ‘ .%?, I |90 270 \l @iﬁ 90
k \ 1w | g

240" “ s /120 240 ey, /12 120

210 L A%, 2101 36% 150 210 36%150
180 180 180
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Fig. 3 Energy density of MERRA data
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Table 2 Number of Cells

Total

Kangwon
400 400 40 6,400,000

Yeongyang
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Table 3 Minimum and Maximum distances to grids in z axis

Gangwon Wind Farm Yeongyang Wind Farm
z-dist, z-dist. z-dist, z-dist.
min (m) max (m) min (m) max (m)
1 26.4 22.7 8.0 6.3
2 85.5 73.4 254 20.1
3 156.7 134.6 45.8 36.1
4 240.1 206.3 69.0 54.5
5 335.7 288.5 95.3 75.2
6 4435 381.1 124.4 98.2
7 563.6 484.3 156.5 1235
8 695.8 597.9 1915 151.2
9 870.3 722.0 229.4 181.1
10 996.9 856.6 270.3 2134

u 007
un| oz

200 km

(b) Yeongyang wind farm
Fig. 4 Grids used for Wind Farms
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Table 4 Yearly atmospheric information for Daegwanryeong
and Uljin Automatic Weather System(AWS)

Daegwanryeong AWS

Temperature Pressure Air denglty
(°C) (kPa) (kg/m”)
2010 7.29 92.6 1.151
2011 6.82 92.6 1.154
2012 6.49 92.7 1.156

Uljin AWS

Temperature Pressure Air denglty
° (kPa) (kg/m”)
2009 - 2010 12.0 100.93 1.231
2010 - 2011 12.3 100.94 1.233
2011 - 2012 12.4 100.99 1.233
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Table 5 Comparison of measured and predicted AEP

Gangwon Wind Farm
AEP(GWh) Error
WindSim CDM (%)
2010 230.8 246.3 -6.3
2011 250.2 234.8 6.6
2012 244.8 220.7 10.9
Yeongyang Wind Farm
AEP(GWh) Error
WindSim CDM (%)
2009 - 2010 1979 1972 -1.7
2010 - 2011 190.8 202.9 -78
2011 - 2012 1835 193.2 -6.9
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Table 6 Linear Regression of AEPs prediced from MERRA
and provided in CDM report.
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