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GEòs integration of renewables experience 
Â 2004 New York 

3 GW Wind 

10% Peak Load 

4% Energy 

 

Â 2005 Ontario 
15 GW Wind 

50% Peak Load 

30% Energy 

 

Â 2006 California 
13 GW Wind 

3 GW Solar 

26% Peak Load 

15% Energy 

 

Â 2007 Texas 
15 GW Wind 

25% Peak Load 

17% Energy 

 

Â 2009 Western U.S. 
 72 GW Wind 

 15 GW Solar 

 50% Peak Load 

 27% Energy 

 

 

Â 2010 New England 
12 GW Wind 

39% Peak Load 

24% Energy 

 

Â 2012 Nova Scotia 
~1500MW Wind 

40% Energy 

 
Â 2013 PJM 

96GW Wind 

22GW Solar 

30% Energy 

 

Â 2014 Minnesota 
8 GW Wind 

4.5 GW Solar 

50% Energy 

 

Underway 
Â Pan-Canadian 

~72GW Wind 

30% Energy 

 

Studies commissioned by utilities, commissions, ISOs... 

ÅExamine feasibility of 100+ GW of new renewables 

ÅConsider operability, costs, emissions, transmission 

Gradients indicate systems subject to individual 
studies and also included in larger regional studies 

GLOBAL RENEWABLE INTEGRATION STUDIES 

Å Barbados Wind & Solar Integration Study (2015) 

Å Vietnam Wind Grid Code Development and Renewable Integration Study 
(2014) 

Å REserviceS Project Economic Grid Support from Variable Renewables 
(Europe) 
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Introducing Variability & Uncertainty 

Uncertainty  

ÅWind generation are not always available 
when called upon 

ÅAre not dispatchable é output is predicted 
by a forecast 

ÅActual power output is different than 
forecast output 
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A perfect forecast eliminates uncertainty, but there is still variability  

Variability 

ÅWind and solar generation vary as the 
intensity of their energy sources 

ÅSeveral timescales é minute (regulation), 
hour (ramping), daily, seasonal 

Solar Actual 

Solar Forecasted 
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For grid operations, wind is ïsimilarð to load  
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= Load Minus Wind 
(This is what must be served 
by other types of  generation) 

ÅLike load, wind can be forecasted 

accurately for planning purposes 

ÅGrid operators can plan day-ahead (or 

shorter) operations based on a load 

forecast and a wind generation forecast 

ÅDispatchable generation is allocated to 

serve the net of the forecast load minus 

the forecast wind 

ÅUncertainty in the wind forecast adds to 

the uncertainty in the load forecast 

ÅAdjustments are made using hour-

ahead forecasts and real-time data 

Dispatchable Generation Serves 
òNet Loadó 
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ÅBasic options are to increase reserves, demand response, 
curtail, rely on neighbors, storage 

Å Increasing reserves 

íCommit additional generation so that load will never be 
interrupted  

íNeed to do it 100% of the time, because you do not know 
when the reserves will be required 

íPotential to increase system cost, additional capacity 
online may not be needed and runs the system less 
efficiently 

ÅDemand response 

íInterrupt or reduce load occasionally, as need arises 

íA paid ancillary service 

ÅCurtail when under forecasted 

Dealing with Uncertainty 
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Forecasting increases economic value of renewable power  

Wide-spread extreme events are predictable (e.g. widely publicized Texas 
events were predicted) 

Forecasting can Help to Reduce Uncertainty 

Texas February 24, 2007 event 

Arrival of such fronts is generally 
forecastable, several hours 
ahead within a 30-minute 
window 

Thirty-Minute Extreme Wind Drops
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~1.5hours  

~1600 MW  
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Timing is Everything 

Conceptual Timeline for Day-Ahead Unit Commitment 
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Day of Operation 

Start Times (warm): http://www.nrel.gov/docs/fy12osti/55433.pdf  
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Timing is Everything 

Conceptual Timeline for Day-Ahead Unit Commitment 
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Day of Operation 

Start Times (warm): http://www.nrel.gov/docs/fy12osti/55433.pdf  

Type Minimum  
Up-Time 

Minimum 
Down-Time 

Hours to Start 

Combined Cycle 8 8 4-8 

Combustion Turbine 1 2 0.6- 2 

Steam Coal 24 í 48 24 í 48 12 - 48 

Steam Oil/Gas 24 í 48 24 í 48 4 - 48 

Nuclear Weeks í months 168 24 - 48 

GE Proprietary Information 
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Short-Term Forecasting  

 

Using a 4-Hour forecast resulted in a 
$70M reduction in production cost. 

The reduction was a result of an 
improved commitment, shifting from 
CT to CCòs. 

 

CCGT increased by 2.0 TWh 
Coal increased by 4.7 TWh 
SCGT decreased by 0.2 TWh 
Imports decreased by 6.7 TWh 
 

$70M 

$250M 

PJM Renewable Integration Study 
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Reduction in Spilled Energy over SOA, I30 Scenario
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Western Wind & Solar Integration Study 

GE Proprietary Information 



 
11  

11 
3/28/2016 

GE Energy Consulting 

Just Forecast? 
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How should Markets factor these into decisions? 

 

Long Term Start 

 

 

 

Mid Term Start  
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