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Cumulative Renewable Additions (GW)

Renewable energy has posed challenges to the grid which the industry has
successfully overcome
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MI SOAs Renewable I ntegration | mpact
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

Anticipated LCOE $/MWhr

=== 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 compresse:
to a smaller number of hours
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A Probability of losing load is targeted at one day in ten years over all penetration levels.
A While aggregate risk remains constant, the risk in specific hours increases.

5 LOLE = Loss of Load Expectation *Profile shapes represent hourly averages MISO-RIIA ESIG- 05/21/2020 £ MISO

across all days of the 6 study years.



Wind and solar capacity value falls as a function of its penetration with the
magnitude dependent on the f#ting and resource mix
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The ELCC values correspond to the longerm average. The period under study includes 11
years of synchronized wind, solar, and load hourly data (2002018).
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The resource mix causes a seasonal shift towards winter and diurnal shift
to the evening hours in the risk of serving load.
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The heat maps illustrate EUE values, in MWh, from 11 years of synchronized w)

wind, solar, and load hourly data. The period under stuady includes 2002018. MISO-RIIA ESIG 05/21/2020 feiLL i



Increasing variability due to renewable generation will require generators
to perform differently than today
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An increasingly connected system is needed to balance renewable variability
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As renewable penetration increases, the change in fuel mix drives
different reliability risks
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Reliability risks are shifting to peak renewable conditions and low load
conditions; predominantly in the spring and fall
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