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» Wind power forecasting in India has already been started and has
been continuously being forecasted by the some of the wind farm
developers/wind turbine manufacturers

» There are many number of service providers in India are providing
wind power forecasting services to the customers

» each model has different forecasting methods and errors
> In the recent years there is a lot of research happening to predict
wind speed with several mathematical methods and biologically

inspired computing techniques to reduce the prediction error

» CWET has been using two different wind power forecasting model



Introduction
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> As the wind energy penetration grows in present power systems it
places increasing demand on generation system for meeting the
load reliably, and also poses new challenges for managing
transmission and distribution networks.

> Wind speed forecasting plays a key role to address these
challenges in wind energy



(@) State-of-the-art

Examples of operational models :

Prediction Model Developer Method Operation (since)
Prediktor Risg National Laboratory Physical Denmark (1994)
WPPT IMM; Technical University of Denmark Statistical Denmark (1994)
Previento University of Oldenburg/EMSYS, Germany | Physical Germany (2002)
AWPPS (More-Care) ARMINES/Ecole des Mines de Paris (FR) Statistical,Fuzzy ANN Crete, Ireland, Madeira, Azores,
Anemos cases (1998)
AWPT ISET (DE) Statistical, ANN Germany (2001)
SIPREOLICO University Carlos lll, Madrid Statistical Spain (2002)
RAL (More-Care) RAL (UK) Statistical Ireland (1998)
LocalPred-RegioPred CENER (ES) Physical Spain IPPs (2001)
eWind TrueWind (USA) Physical/statistical USA (1998)
Casandra Gamesa (ES) Physiscal Spain (2003)
GH Forecaster Garrad Hassan (UK) Statistical Spain, Ireland,... (2004)
Meteologica MBB Physical Spain (2004)
ANEMOS EU Project Consortium Physical, statistical, Denmark, France, Germany,
combined, offshore, Greece, Ireland, Spain, UK,

uncertainty. Canada (2006)




Need for forecasting

Performance requirements for a forecasting - need of both the grid
operator and the wind energy generators

Wind energy generators - the priority is to minimize the deviation
between forecasted and actual plant output

First priority: To anticipate changes in wind production as accurately
as possible in very short time (up to few hours ahead)

To enable the Load Dispatch Centers (LDCs) to manage the grid
operations in an optimal fashion

Second priority :To forecast the wind generation for the next day - to
enable the LDCs to schedule the reserve capacity as efficiently as
possible



Objectives of a wind power forecast

« For optimized power plant scheduling and power
balancing

» For determining the reserve power that has to be held
ready to provide balancing energy

» For grid operation, the current and forecast wind power
generation in each grid area or grid connection point is
needed. This requires a forecast for small regions or even
single wind farms

)l\




Slide courtesy IWTMA 2011
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Forecast Horizon 24 hrs — High wind season — June /July 11
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Forecast Horizon -24 hrs ahead — Low wind season — April 11
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Prediktor Model -DTU, Denmark



“ Physical approach

« wind conditions at the site and

ONLINE DATA INPUT FROM NWP hub height of the turbines;
» wind farm shading effects;
I « turbine power curve;
l » model output statistics (MOS).
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Prediktor

METHODOLOGY

(i)

(ii)
(iii)
(iv)

Wind speed and direction data obtained from an NWP model
Correction for height

Correction for local effects (roughness and orography)

Wind power curve modeling including wake effects.

Model Output Statistics (MOS) modules are used to take into
account any effects not modeled by the physical model and

general errors of the method.




&) Transferability of prediction systems

v" Wind forecasting models are site dependent
v Necessity to calibrate models for each new application.
v What may change :

e Types of measured data

o Type of NWP model (+ spatial resolution)

e Requirements for operational framework

Recommendation :

o If windfarm exists : collect measurements and historical NWPs for
at least 1 year and calibrate models off-line.

« If windfarm is new (predictions required from Day 1): use wind
speed measurements (previously collected for ressource
assessement) and historical NWPs to pre-calibrate the model. Use
of adaptive models is recommended to « learn » quickly when the
wind farm is in operation.




Forecasting system screen shot
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Predicted Vs Observed power
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May 2011

June 2011
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Month MAE (MW) RMSE(MW)
December 2010 5.87 9,13
February 2011 5.37 7.93
March 2011 7.12 9.83
April 2011 7.28 9.90
May 2011 13.06 16.43
June 2011 17.97 20.32

Month MAE (%) Normalised with total | RMSE (%) Normalised with
capacity of wind farm total capacity of wind farm

December 11.64 181

2010

February 10,65 15.73

2011

March 2011 | 14,12 19.51

April 2011 14.45 19.64

May 2011 %590 32.60

June 2011 35.65 40.32




Month
June 2011

July 2011
September
2011

December 2011

March 2012

June 2012

MAE (MW RMSE(MW
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Month

MAE (%) Normalised
with total capacity of
wind farm

RMSE (%) Normalised with total
capacity of wind farm

June 2011 35.65 40.32
July 2011 10.65 15.73
September | 14.12 19.51
2011

December 14.45 19.64
2011

March 2012 | 25.91 32.60
June 2012 39.65 43.32




SCADA data from th&handkewind farm was available for two separate periods, from
April 1, 2010 to July 10, 2011 for the comparison with GFS, and from August 1, 2012 to July
31, 2013 for the comparison with NCMRWF data
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Predictions errors
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VORTEX



Vortex Model

Forecast very short term.

* Forecast with online access to real time data
production. The model is able to correct power
forecast based on real time production every 3
hours.

* This is very useful when wind farm owners may
change their forecast inside the day.

 GFS and ECMWEF data are being used for WPF.
ECMWEF results seem to be slightly better than
GFS



Forecasting and measured power

November 2013 to April 2014 period.
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