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California curtailment hits a record high

223,195 MWh
247,990 

households
50%

Source: CAISO
Source: google
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Challenges 

Grid services

Source: Martinez, et al (2010)

Frequency Responses of Three U.S. Interconnections

www.dnvgl.com

Solar PV generation
❑Frequency control and regulation

▪ How much reserve do we need for high PV penetration?

▪ Do we need PV to provide new grid service (fast frequency 

control services)? 

▪ How to incentive PV to provide frequency ancillary services?

▪ A market for primary frequency control?

▪ Can PV provide reliable services? 

▪ ……

❑Frequency control and regulation

▪ How much reserve do we need for high PV penetration?

▪ Do we need PV to provide new grid service (fast frequency 

control services)? 

▪ How to incentive PV to provide frequency ancillary services?

▪ A market for primary frequency control?

▪ Can PV provide reliable services? 

▪ ……
Dynamics
(sec-min)
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(hour-days)
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What is MIDAS solar?
Multi-timescale Integrated Dynamics and Scheduling

Output

• Frequency response
• CPS
• BAAL Viol.

• Production cost
• PV revenue
• Break down value-stream

• Economics, reliability and stability of grid with high PV penetration

Cost ($)
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• PSS/E files

• Time-series solar and load data

• Etc.

• Cost

• Forecasting

• Etc.
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I. Impact of solar variation on system reliability metrics

Sunny Day Cloudy Day*

* 1-sec solar data from Oahu, Hawaii 

CSP1: 198%
BAAL Viol: 0
Cost: $477,453

CSP1: 92.3%
BAAL Viol: 48
Cost: $479,418
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II. Fast vs slow response resources for regulation

AGC unit performance 

Frequency

Hydro Gas PV
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III. Impact of different PV control strategies

No curtailment With curtailment

Frequency  (No curtailment)
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IV. Interaction between primary frequency control  and 
regulation control 

North

California
South

Generation loss

AGC brings frequency back

Simplified 240-bus WECC system Frequency response
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IV. Interaction between primary frequency control  and 
regulation control 
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Future applications for MIDAS Solar

Operator-System level

Vendor-device level

Dynamic Steady-state

>30%>30%
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Conclusion

MIDAS bridges the power system dynamics and scheduling across different 
time-scales. 
• Evaluate the impact of multi-timescale variability of REs on system reliability and 

economics simultaneously.

• Assess  the regulation reserve/ PFR reserve requirement  under different renewable 
variations and penetration levels.

• Understand the overall performance of regulation fleets. (Fast resources vs slow 
resources)

• Evaluate different PV control strategies for providing grid services.

• A better understanding of the interactions of PFC , SFC and their reserves. 
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retains and the publisher, by accepting the article for publication, acknowledges that the U.S.
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