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Wind Energy Forecasting: Predicting a variable

resource to increase its value
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Benefits of Wind Energy Forecasting
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» Forecasts can be used in many ways to benefit the industry:
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Better understanding of revenue
BEER AT RO IR AR UL 28

Possibility to operate in merchant conditions instead of accepting
Power Purchase Agreements (PPAS)
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Ability to better schedule maintenance — both in terms of producing
more power, but also avoiding days where cranes are hired, but
not used.
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Allows better integration of wind into the power grid. This enables
the installation of more wind farms!
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BOTTOM LINE: Make wind more profitable.
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A State-of-the-art forecast system
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Situational Analysis - Forecast Horizons
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Power Data: Key to Hours Ahead Forecasting
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» Accurate hour-ahead forecasting is essential to integration of wind
energy into power systems.
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» One of the great challenges to hours ahead forecasting is that a
large portion of the error arises from the wind speed to energy
conversion.
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» At this time frame, the wind over the project can be predicted
reasonably accurately, but the effects of localised gusting (and
short-term gusting) can play a very significant role in disturbing the
power conversion.
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Benefits of Turbine-Level Data
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Derived Hourly Power Cutput from Manufacturer's Curve [MW]
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~20% MAE with a perfect wind forecast at the reference met tower
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Hour Ahead Forecast System
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Hour-Ahead Forecast Example
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Windy Knoll Hour Ahead Forecast TIME: 06/12/2007 @ 22:30:00 PDT
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Forecast Advantage [% of Full Capacity]

Hour Ahead Forecasting with On-Site Data
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It is possible to beat persistence with an advanced model and

good wind farm data.
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Windy Knoll - Old Forecast Advantage Over Hourly Persistence
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Hour Ahead Forecasting including Off-Site Data
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And Performance improves with additional data, especially from off-site
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Windy Knoll - Forecast With Offsite Observations Advantage Over Hourly Persistence
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It has been estimated that the value of using a day-ahead
forecast of wind energy production to the power system as a
whole can equal US$10/MWh. (GE study for NY State)

XFHL ARG BAARR YL, FIRAXRATHERHUNBHMERT KL & N $10/MWh (4558
5k B @ X A2 X EEEABTEE)

This value is obtained from setting up the power system in
advance to ANTICIPATE the wind energy, which has
tremendous benefit to the thermal units.
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Numerical Weather Prediction Methdology
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Key weather parameters
such as:
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Dealing with Uncertainty — Risk Tolerance
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Windy Knoll Week Ahead Forecast TIME: 03/17/2008 @ 053000 PDT
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Week ahead forecast for wind project with 75 MW capacity. The grey shaded area is between the 90%
and 10% exceedance probability values. The thick black dashed line is the wind project scheduled
capacity. The orange line represents the P50 or value where the forecast has an equal probability of
exceeding or being less than.
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» This is why 2/3rds of the US wind market purchase 3 party
forecasts
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ONE TO FOUR DAY AHEAD FORECAST
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Wind Park A - 30 days ending 09/30/2006
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WIND RELIABILITY
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Can wind energy be scheduled a day
ahead reliably?
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Requires a robust forecast prediction
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Relative Power (idealized) [ % Maximum Capacity ]
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1.Build a good wind project. #3I—4RIFHIAEETE

» Our unhappiest client is not the one with an inaccurate forecast at a
windy site, but the one with a very accurate forecast at a site that is
not performing up to expectations.
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2.Take good measurements. ZEEAKEIE

» Every turbine, every 10 minutes, wind speed, direction, turbine status
and power output.
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» Send these to your forecast provider. 5 EREE (45 TR Bt
3.Hire a reputable forecasting company with a proven track record.
E—TAEEMIINATE, FitBAdHRFILS.
4. Wind energy, while variable, is predictable on an hour-ahead and
day-ahead basis.
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