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SPP Wind, Solar & Energy Storage

• Wind

 Installed: 21,578 MW 5/1/2019

 Wind Turbines:  11,000                                  5/1/2019

 Wind Peak:  16,524MW                              05/17/2019

 GI Queue:  61GW 4/1/2019

 Wind Penetration % of Load:  67.3%        4/27/2019

 In 2018, 70 days above >50% Pen.

• Solar

 SPP Market: 215MW                     6/1/2019

 GI Queue: 28GW                          6/1/2019

• Energy Storage

 Installed: 10MW/20MWh            6/1/2019

 GI Queue: 5,300MW 6/1/2019

• Total Renewable Energy Penetration 

 71.4%     4/27/2019 2
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SPP’s Unique Opportunity

The challenge will only Grow!



Rising Challenges in SPP Operations

• 70%+ High Wind Penetration

• +7GW DA Wind Forecast Error

• +15GW Wind Swings

• Flowgate Overloading and Curtailments

• Increased Uncertainty

• FERC Order 841 Design
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SPP Capacity Example

• SPP Total Installed Capacity ~ 90 GW

How could you possibly be tight?

• Wind capacity ~ 21 GW

• Cool spring day with low wind conditions example:

 Obligation (Load, Exports, OR): 33 GW

 Headroom: 1 GW

 Outages: 30 GW

 Low wind: 2 GW

 Remaining capacity: 7 GW
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SPP can experience large errors in the DA Wind Forecast

Feb 4th Mar 27



Weather Forecast Error Impacting Load and Wind

• 6/7-8/2018
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Load: 6GW DA Error 

Wind: 7.6GW DA Error



Sunrise/Sunset Wind Ramp Error
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Sunrise            Sunset

Day 1 Day 2
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SPP’s Wind Forecast Approach

• 2 Wind/Solar Forecast Vendors

• Individual Wind Farm Forecast

• Primary inputs

 Current generation

 Total Capability

 Turbine Availability

 Actual Weather

 Historical Weather

• Deterministic Forecast

• Probabilistic Forecast

• 85/15% Confidence Bands

• Icing forecast

• Combined Best Forecast

 Discussion and Analysis to 
add another Forecasting 
Vendor in 2019
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SPP Wind and Solar Forecast Horizons

 Short Term: 0 → 4 hours, with 5 minute intervals, updates every 5 min

 Mid Term: 0 → 72 hours, with 1 hour intervals, updates every 1hr

 Long Term: 48 → 168 hours, with 1 hour intervals, updates 8 x day

 +Icing Forecast

 +Alert Emails for Forecast Uncertainty

 +Advanced Portal
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URT
Uncertainty Response Team
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URT

• When:  July 4th 2018

• Who:  5 Ops Engineers

• What:

 Daily Analysis looking Day Ahead

 Study Extreme Weather

 Alert Operators

 Run IDRUC Studies

 Suggest long lead unit commitments or extensions
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The Beginning of URT… 
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Risk due to unexpected changes in:
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Capacity Peak Demand Total Wind Wind Penetration
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Wind Drop Wind Icing EHV Outages



Weather



Wind Forecast Process
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Forecasts are used in multiple studies

• Multi-Day Reliability Assessment

• Day-Ahead Reliability Unit Commitment

• Intra-Day Reliability Unit Commitment

• Short-Term Reliability Unit Commitment

• Pre Real-Time Balancing Market

• Real-Time Balancing Market URT
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What triggers an URT study?
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Shout out to:
NOAA HRRR -- Energy & Meteo!
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+4,000MW



combination 

of NWP

Don‘t trust in one weather model only!
Benefit of combination



Unit Commitments vs Obligation with Wind Forecast Error
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• 7GW Wind Error

• 54 Quick Start Resources 

• Well outside confidence bands



LOOKING AHEAD:
Wind Forecast Improvements 2019

• Evaluation of 2nd Vendor

• Combined Best Forecast

 Economics:  Increased accuracy → Leads to better economic 
commitments

 Reliability:  Increased accuracy → Better situational awareness and 
reliability

• Bottom up and Top down Forecasting Approach

• Probabilistic Forecasting

• Ensemble Forecasts
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Ramp Capability Product

• GE has worked with MISO to implement 
their version of a ramp capability product

• The requirement amount is determined by 
historical net load error

• Better probabilistic forecasts could inform 
us of the appropriate amount to procure 
instead simply relying on past events

• Understanding the value of this ramp is 
incredibly important and hard to 
determine. Too much will add to the cost 
burden while too little will reduce 
reliability

• Explicitly pricing operational ramp needs 
in the market will help provide 
transparent incentives to participants
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Variability + Reliability Requires Fuel Diversity
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Question?
Gunnar Shaffer

SPP Ops Market Support, Analysis & Forensics

501-482-2387

gshaffer@spp.org
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