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Changing Flexibility Resources Landscape

Source: NREL
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• How can wind and solar forecasting improve power system 
operation by reducing integration cost of renewables?

• How to produce reliable and accurate forecasts at different 
time horizons?

• How to integrate resource forecasting system into power 
system operation and decision making?

Challenges of Forecasting Variable and Uncertain Generation

Wind power
Solar PV Power
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U.S. Annual and Cumulative Wind Power Capacity Growth

Additional 136.8 GW in the queues in 5 years
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U.S. PV Installation Forecast, 2010-2022
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U.S. Wind Installation and Generation by ISO 

Source: AWEA
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“Flexibility” Can Help Address the Grid Integration Challenges 
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What Services Can a Forecast Provide?
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What Impacts the Magnitude of Forecast Errors

Courtesy B. O’Neill, NREL
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Why are Forecast Errors Important?

Regulation DispatchDispatchCurtailment Unit Start Up
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Solar Power Forecasting

• Solar forecasting is about 
10 years behind wind 
forecasting

• Distributed solar power 
forecasting

• U.S. DOE Solar 
Forecasting Projects:
o IBM Team

– Machine Learning 
Approach

o NCAR Team
– Numerical Weather 

Prediction (NWP) and 
Satellite Improvements
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Resource Forecast Value Chain

Courtesy B. O’Neill, NREL
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Wind Forecasting Role in Market Operations 

Courtesy B. O’Neill, NREL

Statistical methods 
include:
• Persistence
• Neural networks
• Dynamic neural 

networks
• Analog 

ensembles
• Spatial 

correlation
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How are Wind and Solar Forecasts used in Operation?

Source: 
Source: Porter and Rogers, 2012. 
Survey of Variable Generation 
Forecasting in the West. 



NATIONAL RENEWABLE ENERGY LABORATORY 16

Faster Markets and Larger Footprints → Less Reserves

Courtesy M. Milligan, NREL
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Equivalent Wind Plant Power Curve

Example of certified power curve for 
a single wind turbine generator

Accurate equivalent plant power curve is 
extremely important for calculating 
power output from wind speed forecasts

• Diversities of wind speeds exist in 
large wind power plats

• Many wind generators spread over 
plant footprint (sometimes at 
different elevation) 

• Equivalent output of the plant is 
influenced by many parameters
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Incorrect Equivalencing Results in Power Forecast Errors

• No single wind speed can adequately represent the 
wind conditions across the entire wind plant

• Many wind speed values are required to characterize 
the plant operation.

• Depending on how the wind speed values are 
obtained, using them to characterize the plant 
operation can result in large uncertainty. 
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• 100 x Vestas V90 3 MW wind turbines

Example: 300 MW plant  
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Equivalent Wind Plant Power Curve

Periods of low wind:
Forecast is less than actual

Periods of high wind:
Forecast is more than actual

Periods of very high wind:
Forecast is less than actual

• Example – 300 MW plant, 100 x V903 MW wind turbines
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