PO.302¢g

Wind Power Forecasting using WRF and ANN
enhanced with Statistical Capabilities

Kiran Nair!, Harry Justin?, A. Vishnupriyadharshini?
IMytrah Energy (India) Limited, Hyderabad, India.
Amrita School of Engineering, Amrita Vishwa Vidyapeetham, Coimbatore, India.

Investigation

Introduction

The significance of wind power is at its peak with ever increasing energy
demand and environmental concerns associated with fossil fuel based power
generation. Integrating the available wind power capacity to the grid is a
challenging task because of its intermittent nature. Wind power penetration to
the grid can be improved and grid stability can be attained by enforcing
accurate wind power forecasting. Forecasting gives an estimate of wind power
that can be generated at any given instance, with which power generation at
conventional power stations can be properly planned and scheduled.

Improving wind power forecasting accuracy with hybrid model approach
combining,

» Numerical Weather Prediction based Weather Research and Forecasting
(WRF) model.

» Computational Fluid Dynamics (CFD) along with Artificial Neural Network
(ANN) technique.

» Statistical method based Auto Regressive Integrated Moving Average
(ARIMA) model.

Approach

» Physical conditions of the atmosphere are clearly represented with the help of
WRF. Global Forecast data from different global models are used to specify the
boundary conditions for a limited area of interest using nesting. Site specific
data from turbine SCADA and weather monitoring stations are incorporated in
WRF to specify the local atmospheric and physical conditions with greater

accuracy.
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» Forecasted wind speed output of WRF is fed into CFD based ANN solution and
meso-scale wind speed output of WRF is interpolated to micro-scale level using
its built-in downscaling technique. Forecast tool, using its ANN feature, train the
model with the actual wind speed obtained at site and forecasted wind speed
obtained from WRF and calibrates the model accordingly to adjust itself to the
error between forecasted and actual wind speed. CFD along with forecast tool is
used to forecast the wind power at site level.

» Univariate statistical model based ARIMA is used in the final stage to improve
the wind power accuracy by training the model with historical data to follow the

trend or pattern associated with wind power generation.
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Performance of the developed wind power forecasting system is tested at three
different sites in India, each having different levels of terrain complexities. Site
A is in a location where tunneling effect prevails, Site B is a complex site and
Site C is a plain site in the desert area. Absolute Percentage Error (APE) is used
as evaluation criteria to validate the result with actual data. Validation is done
by calculating APE for forecasted wind power with respect to the available
capacity.

Site with Tunneling Effect
State: Tamil Nadu

Site with Complex Terrain
State: Maharashtra
Capacity:15MW
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Validation is done by calculating APE for forecasted wind power with respect to
the available capacity. For a period of six months with 15 minutes time stamp,
the validation result shows, in two out of three sites, 86% and 84% of time the
results were within the forecasting error band of 15% and in third site it was
around 70%. On investigation, curtailment (de-rating) due to grid constraints
was found to be the reason for a low 70% here. When the curtailment affected
time stamps were removed from calculation, the percentage of time the model
giving results less than 15% error got improved to 81% from 70%.

Capacity:100MW

Percentage of Time Period Wind Power Forecasting Error less than 15% Error Band

Conclusion

Hybrid model developed using WRF, CFD based ANN and ARIMA improves the
accuracy of wind power forecasting and it also proves to be suitable for
different terrain conditions with varying complexities.
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