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Project Outline

The large scale increase of wind capacity presents a number of challenges for National Grid, the system operator required to deal
with the variability and uncertainty in the generation. In particular, in order to ensure the safe and economic operation of the system,
there is a need for accurate predictions of the power output of each individual wind farm. This is becoming increasingly important
given the recent trends towards larger single turbines and ever larger offshore wind farms (i.e. Sheringham Shoal (317 MW), London
Array (630 MW) and Greater Gabbard (504 MW)).

National Grid forecast the power output of a wind farm at 30 minute intervals using the forecast hub height mean wind speed, in
conjunction with a simple wind farm power curve derived from metered data. This study has shown that this approach can lead to
large power forecast errors - for a single mean wind speed there can be a large spread in the metered power output as other
meteorological parameters affects the wind farm’s performance. Furthermore, it is not possible to apply this method to wind farms in
the planning or construction phases as there is no metered data available to derive the power curve.

This study has developed a new tool which can be used to estimate the power output of any offshore wind farm for a wide range of
meteorological conditions. Given the wind forecast currently obtained by National Grid, the model estimates the wind speed variability
from turbine to turbine using a technique known as canopy modelling. The power output of each turbine is then estimated (using
individual turbine power curves) and aggregated to determine the wind farm power output.

Research Aims

1. Investigate which meteorological parameters affect the power output of large offshore wind farms.

2. Develop a model which can be used to estimate power output of offshore wind farms using the wind forecast currently obtained by
National Grid.

3. Test the model for a range of farm designs and meteorological conditions to quantify the reduction in power forecast error.

4. |dentify potential future research areas.

Headline Results: Power forecast error
The first stage of the project investigated whether the power forecast error of large offshore wind farms could be reduced by
incorporating more detail about the true nature of the flow.

1 Data analysis showed that for a given mean wind speed there can be a large range in the actual power output of a wind farm.
This range is mainly due to variability in other meteorological parameters, such as wind direction, turbulence intensity and
atmospheric stability, and the turbine availability.

Wind direction was shown to be an important parameter as it dictates the location of the turbine wakes. Wakes can be
characterised as regions of reduced wind speed and increased levels of turbulence. The energy output of a turbine located in
the wake of a neighbouring device is significantly reduced.

National Grid now applies separate transfer functions for different wind directions; this reduces the power forecast error
associated with the wake effects. However, this approach requires a significant amount of sufficient generation data from the
farm for different wind speeds and directions and therefore cannot be applied to new farms.

Headline Results: The Model
Following the results of the literature review, a model was developed which estimates the power output of a wind farm taking into
account the impact of wind direction on the spatial variability of the wind speed across the farm.

1 The input of the model is the wind forecast data (wind speed and direction) and the wind farm configuration.
1 The model has been used to estimate the power output of two large offshore wind farms in a range of meteorological conditions.
o Wind farm A: the model predicted power output was within 10% of the measured data for all 8 meteorological scenarios
considered and for 6 cases the error was below 4%.
o Wind farm B: the use of the model to estimate the energy production over a 5 day period results in a 5% error, in
comparison to a 7.3% error with the current National Grid method. This represents a 32% reduction in the forecast error.

Headline Results: Model Applications
The model has been designed for a range of applications:
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Required Modifications to the Planned Approach During the Course of the Project

Lessons Learnt for Future Projects
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Note: The following sections are only required for those projects which have been completed since 15! April 2013, or since the
previous Project Progress information was reported.

The Outcomes of the Project

Planned Implementation

Other Comments
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