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ABSTRACT

This poster describes the status as of April 2012 of the Public Service Obligation
(PSO) funded project PSO 10464 “Integrated Wind Power Planning Tool”. The
project goal is to integrate a meso scale numerical weather prediction (NWP) model
with a statistical tool in order to better predict short term power variation from
oftshore wind farms, as well as to conduct forecast error assessment studies in
preparation for later implementation of such a feature in an existing simulation
model. The addition of a forecast error estimation feature will further increase
the value of this tool, as it’s output can be fed into any type of system model or
decision-making problem that wish to account for forecast errors in the planning
process, rather than assume perfect forecasts.

SHORT TERM WIND POWER FORECASTING
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WREF output wind fields will be coupled to a widely used wind power prediction
model, namely the Wind Power Prediction Tool (WPPT), maintained by ENFOR
A/S; a Danish company that specialises in forecasting and optimisation for the
energy sector. This integrated wind power prediction tool will produce scenario
forecasts for the coming hours to days, which can then be fed into any type of
system model or decision making problem to be solved. Examples of WPPT
scenario forecasts are shown below.
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WIND FIELD MODELING WITH A MESO SCALE NUMERICAL WEATHER PREDICTION TOOL

For any energy system relying on wind Currently, most wind power fluctuation
power, accurate forecasts of wind fluctua- models are either purely statistical or in-
tions are essential for efficient operation. tegrated with NWP models of limited res-
The further the transmission system op- olution. This project addresses the latter
erator (TSO) can plan ahead, the greater issue by using the meso scale Weather Re-
the savings: Wind energy is better utilised search & Forecasting (WRF) NWP model
iof accurate predictions are available to the to generate the required input wind fields
TSO and wind farm owners. for the short term prediction tool. Several

regions of interest are in play, though the

main focus will be on the Horns Rev 2 and

WIND FORECAST ERROR CHARACTERISATION

A simulation tool, CorWind 7, has been developed at the DTU Wind Energy
department |6|, providing wind power time series intended for long term power
system planning. At present, CorWind 7 is used to simulate power fluctuations in

offshore wind power for Northern Europe 2020 and 2030 scenarios, as part of the
TWENTIES project.
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EXPECTED OUTCOME FROM PSO 10464

The two major aims with PSO 10464 is to develop an integrated wind power
forecasting model, that allows for the description of the expected variability in
wind power production in the coming hours to days, as well as to dynamically
characterise the wind forecast error in large regions.

Using high resolution WREF results in the integrated short term prediction model
will ensure a high accuracy data basis for use in the decision making process of the
Danish TSO and energy authority. The need for correct wind power predictions
will only increase over the next decade as Denmark approaches the new goal of 50%
wind power based electricity in 2020. In that respect, adding forecast error char-
acterisation features to a simulation tool that can be used for assessing variability
in the power contribution from future wind farms constitute valuable input to the
planning process for these.

Nysted wind farms in western and south-
ern Denmark, respectively. A sketch of the
planned WRF domain is shown to the left.
Basis for the investigations will be weather

forecasts from the National Centers for
Environmental Prediction (NCEP, USA)

Global Forecast System (GFS) model. A

comparison study of wind forecasts [4] will
be carried out in order to quantify the gain
from increasing the resolution.

NWP AND SCENARIO FORECAST VALIDATION

Before the WRF results can be used for further studies, these must be compared
to actual wind measurements in the domain of interest, including:

e Conventional meteorological stations across Denmark, Sweden and Northern
Germany;

e satellite-derived winds over ocean regions surrounding Denmark;
e mast wind measurements at Horns Rev and Nysted.

As part of this project, the high-frequency variability of the wind field will be
validated using the mast wind observations. This range of periods includes events
such as convective rainfall and post-frontal instability and sudden changes to the
wind field due to intense storms and frontal passages. The validation procedure
will be carried out using techniques employed in recent literature |9, 5, 8|.

Output from the integrated short term prediction tool will be verified using
state-of-the-art probabilistic forecast verification approaches [3, 1|, and also
using some new concepts that are appearing in the literature (e.g. the spectral
verification works performed at the DTU Wind Energy department |[7]). The basis
for validation is power data from the Danish TSO, Energinet.dk, which is expected
to be minutes resolution of data at transmission system station level.

For both the integrated short term prediction tool and forecast error character-
isation tasks, the extend to which additional wind variability is captured when
increasing the meso scale model resolution is sought quantified. To this end, it is
important to determine whether the modeled wind fluctuations agree with obser-
vations in terms of power spectral densities, as well as whether the occurences of
high-frequency wind fluctuations match those of historical records.

REFERENCES

[1] R. Girard, P. Pinson, J. Juban, and G. Kariniotakis. Towards the definition of a standardized evaluation protocol of probabilistic wind power
forecasts. ANEMOS.plus Deliverable D-1.3. 2009.

[2] X. G. Larsén, S. Ott, J. Badger, A. N. Hahmann, and J. Mann. Recipes for Correcting the Impact of Effective Mesoscale Resolution
on the Estimation of Extreme Winds. J. Appl. Meteor. Climatol., 51():521-533, MAR 2012.

[3] P. Pinson, H. Aa. Nielsen, J. K. Moller, H. Madsen, and G. N. Kariniotakis. Non-parametric probabilistic forecasts of wind power:
Required properties and evaluation. WIND ENERGY, 10(6):497-516, NOV-DEC 2007.

[4] D. L. Rife and C. A. Davis. Verification of temporal variations in mesoscale numerical wind forecasts. MONTHLY WEATHER
REVIEW, 133(11):3368—-3381, NOV 2005.

[6] D. L. Rife, C. A. Davis, and J. C. Knievel. Temporal Changes in Wind as Objects for Evaluating Mesoscale Numerical Weather
Prediction. WEATHER AND FORECASTING, 24(5):1374—-1389, OCT 2009.

[6] P. Sorensen, N. A. Cutululis, A. Vigueras-Rodriguez, L. E. Jensen, J. Hjerrild, M. H. Donovan, and H. Madsen. Power fluctuations
from large wind farms. IEEE TRANSACTIONS ON POWER SYSTEMS, 22(3):958-965, AUG 2007.

[7] P. Sorensen, J. Mann, U. S. Paulsen, and A. Vesth. Wind farm power fluctuations. In Peinke, J and Schaumann, P and Barth,
S, editor, Wind Energy, pages 139—-145, HEIDELBERGER PLATZ 3, D-14197 BERLIN, GERMANY, 2007. SPRINGER-VERLAG
BERLIN. EUROMECH Colloquium 464b on Wind Energy, Carl VonOssietzky Univ Oldenburg, Oldenburg, GERMANY, OCT
04-07, 2005.

[8] C. L. Vincent, W. Bourke, J. D. Kepert, M. Chattopadhyay, Y. Ma, P. J. Steinle, and C. I. W. Tingwell. Verification of a
high-resolution mesoscale NWP system. AUSTRALIAN METEOROLOGICAL MAGAZINE, 57(3):213—-233, SEP 2008.

[9] D. S. Wilks. Statistical Methods in the Atmospheric Sciences. International Geophysics Series. Elsevier Science & Technology, 2011.



