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Renewable energy has posed challenges to the grid which the industry has 
successfully overcome

2 Historical queue additions + forecasted additions of 50% of DPP queue wind and solar capacity MISO-RIIA ESIG - 05/21/2020 
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MISOĦs Renewable Integration Impact Assessment (RIIA) indicates system and 
operational complexity increase sharply beyond 30% renewable penetration
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Increasing grid complexity using current technology assumptions negates 
the decreasing cost of renewables technology 
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Considering full system 
integration costs

No grid-integration cost  
considered
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As renewable penetration increases, the risk of losing load shifts and compresses 
to a smaller number of hours

RISK
Net peak load shifts from 3 pm to 6 pm.

Å Probability of losing load is targeted at one day in ten years over all penetration levels. 

Å While aggregate risk remains constant, the risk in specific hours increases.

*Profile shapes represent hourly averages 
across all days of the 6 study years.

LOLE = Loss of Load Expectation MISO-RIIA ESIG - 05/21/2020 
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Wind and solar capacity value falls as a function of its penetration with the 
magnitude dependent on the siting and resource mix

Wind heavy siting
Balanced wind/solar siting

The ELCC values correspond to the long-term average. The period under study includes 11 
years of synchronized wind, solar, and load hourly data (2007-2018). 
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*The ELCC values include both existing and new renewable generation units MISO-RIIA ESIG - 05/21/2020 



The resource mix causes a seasonal shift towards winter and diurnal shift 
to the evening hours in the risk of serving load.

7
The heat maps illustrate EUE values, in MWh, from 11 years of synchronized 

wind, solar, and load hourly data. The period under study includes 2007-2018. MISO-RIIA ESIG - 05/21/2020 

11-year Average Expected Unserved Energy 11-year Maximum Expected Unserved Energy

Time (Hr) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Feb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Mar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Apr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Jun 0 0 0 0 0 0 0 0 0 0 0 1 81 726 399 322 912 218 6 0 0 0 0 0

Jul 0 0 0 0 0 0 0 0 0 0 0 0 6 101 306 522 842 407 34 0 0 0 0 0

Aug 0 0 0 0 0 0 0 0 0 0 0 0 5 106 385 440 210 32 2 0 0 0 0 0

Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Oct 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dec 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Time (Hr) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Feb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Mar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Apr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Jun 0 0 0 0 0 0 0 0 0 0 0 0 6 22 10 4 45 117 16 2 132 964 0 0

Jul 0 0 0 0 0 0 0 0 0 0 0 0 11 64 159 309 538 180 55 95 475 1514 0 0

Aug 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 6 35 42 1398 486 0 0

Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 35 526 0 0 0

Oct 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dec 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Time (Hr) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Feb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Mar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Apr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Jun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1352 0 0

Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 3 12 42 207 289 598 1576 0 0

Aug 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1006 1536 0 0

Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 800 0 0 0

Oct 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dec 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Time (Hr) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Feb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Mar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Apr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Jun 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 3 1 0 0 0 0 0 0

Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 10 10 2 0 0 0 0 0 0

Aug 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 5 3 0 0 0 0 0 0 0

Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Oct 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dec 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Time (Hr) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Feb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Mar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Apr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Jun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0

Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 3 1 0 0 7 11 0 0

Aug 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 3 0 0

Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0

Oct 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dec 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Time (Hr) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Jan 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Feb 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Mar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Apr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

May 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Jun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0

Jul 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 18 0 0

Aug 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 17 0 0

Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0

Oct 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nov 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Dec 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Increasing variability due to renewable generation will require generators 
to perform differently than today

More hourly variability 
from renewablesĮ

Įrequires increased flexibility 
(curtailments and ramp capability) 

Wind Curtailment 
(Thousands of MW)

Coal and Gas Ramp 
(% of capacity)

Renewable Output
(Thousands of MW)

24 hours
1 day

24 hours
1 day

24 hours
1 day

* All %Ħs in labels refer to MISO-wide renewable penetrations levels 
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An increasingly connected system is needed to balance renewable variability 

MISO-RIIA ESIG - 05/21/2020 
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1 1Peak Load 15% 30% 50%

% Renewable 
at reference 

point

10% 30% 50%

2 2 214% 49% 82%
Shoulder/
Light Load

3 3Peak 
Renewable

324% 63% 89%

As renewable penetration increases, the change in fuel mix drives 
different reliability risks

MISO-RIIA ESIG - 05/21/2020 



Reliability risks are shifting to peak renewable conditions and low load 
conditions; predominantly in the spring and fall

MISO-RIIA ESIG - 05/21/2020 

As many more points enter the 
shoulder load, high renewable 
zone, a potential new stress point 
to be evaluated

Wind heavy Balanced Wind/Solar

MISO Highest renewable hour in 
the top 20 load hours

MISO highest renewable output in the 
lowest 20 load hours

Lowest load hour in the top 20 
renewable output

Shoulder load hour with highest 
renewable output
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