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Formulas for evaluation of wind speed and direction data compensated by MCP
method considering data availability of onsite measurement
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Abstract

In wind energy projects, onsite measurements are conducted to evaluate the amount of resource or
to ensure the conformity of site conditions for wind turbines. The missing of observation is sometime
compensated using the MCP method. The uncertainty of the MCP method can be examined using the
prediction model. However, it is not clear how to estimate the accuracy of final dataset consisting of
observed data and data compensated by the MCP method. In this study, formulas to estimate the accuracy
of this final dataset considering data availability are proposed and its applicability is validated by onsite

measurements.
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Table 1 Wind measurement for offshore wind energy

Type of platform Bg;t:(;n Floating | Onshore
Type of LIDAR VL VL [SLX1[|SLXx2
Pa— Windspeed| O O 010
Turbulence| O JaN X O
Reliability|Availability’] >95%  |>85~90%]| >90% | >80 %
Measurement Ishihara etal. ") Yamaguchi | Mano et [Watanabe)
campaigns and Ishihara” | al® | etal?

[Abbreviations] VL: Vertical LIDAR.  SL: Scanning LiDAR.
[Symbols] O : Applicable. /% : Applicable with motion
compensations. : Inapplicable.

* Post-processed Data Availability
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Table3 |Z{E#EMEIZEE3 2 KP1 @4 /<4, “Minimum”

Table 2 Example of KPIs for accuracy of LIDAR system.”

Acceptance|  Wind speed Wind direction

Criteria | Slope R Slope | Offset R

Minimum [0.97-1.03| >0.97 |0.95-1.05 =10° | >0.95

Best Practice)0.98-1.02] >0.98 |0.97-1.03] £5° | >0.97

Table 3 Example of KPIs for reliability of LIDAR system.”

System Post — processed
Stage Data Availability Data Availability
Monthly | Overall | Monthly | Overall
Pre-commercial | =90% | =95% | =80% | =85%
Commercial | =95% | =97% | =85% | =90%
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direction between the met mast and the vertical LIDAR.

Table 4 Summary of onsite measurements
Metmast |  Vertical LIDAR
N 40.05025 °, E 139.93232 °
Mean and standard deviation of wind speed and
mean direction in 10 minutes
Cup anemometers | Vertical LIDAR
(NRG Classl) * (Leosphere Wind Cube
Vane (NRG 200M) |V2)
58 m (Wind speed) |40, 50, 58, 70, 90, 110,
50 m (Direction)  |130, 140, 150, 170, 190 m

Observation
Location
Measured
items

Instruments

Measured
heights

Table 5 Detailed statistics of wind data obtained at different
heights against the target height (58 m) for validation.

_| & Accuracy index against 58 m
= 3
Z :E Mean speed Mean direction | Std. dev.
T =
E Bias [ Regression|  Regression Regression
[m]| [%] | [%] [Slope| R* |Slope|Offseff R* |Slope| R?
190/96.44 [12.84{1.094/0.866/0.927(21.65[0.937| 1.013 | 0.786
150{98.33]10.361.07710.913]0.953[14.11/0.965| 1.002 |0.849
90 [99.16] 4.86[1.038]0.981]0.983| 5.30/0.994|1.003 0.942
58 [99.21] 0.00{1.000]1.000]1.000 0.00|1.000 1.000 [1.000
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Timeseries of wind speed and direction
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Fig4 Examples of data segmentation for validation.
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Line types: — Median - - - Min. and max. envelop  Colors: Height of reference data 190m: gray  150m: red  90m: black
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(a) Annual mean of wind speed (b) Annual std. dev. of wind speed
Fig.5 The relative mean errors of (a) annual mean and (b) standard deviation of 10 min. mean wind speed
predicted by combination of MCP method and onsite measurement.
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Fig. 6 The relative mean errors of (a) annual mean and (b) standard deviation of 10 min. standard deviation of

wind speed predicted by combination of MCP method and onsite measurement. (Same legend as Fig.5)
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Fig. 7 Comparison of the annual standard deviation of (a)
10 min. mean speed (b) 10 min. standard deviation between

calculations from timeseries and estimations by Eq. (5).
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Fig. 8 The coefficient of determination, slope of a regression line of sampled series (Symbols) and spreads of estimations by

the proposed formulas (Lines) for 10 minutes wind speed.
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