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More and more system operators, and market participants of all kinds, 
continue to make carbon neutral pledges.

ERCOT captured the time constraint very effectively in [3]: as inertia 
falls, and wind penetration increases, load reserves have less and less 
time to respond. 

Synthetic inertia requires generators to operate below capacity, 
ramping up quickly to compensate for generation losses. Reducing 
security margins exposes consumers to greater likelihood of 
curtailment.

Falling Inertia Challenges

http://www.ercot.com/content/wcm/key_documents_lists/141324/Inertia_Basic_Concepts_Impacts_On_ERCOT_v0.pdf


 Permanent Fault:

Low Energy Interruption and Testing

1. Normal load current

2. Fault current starts. Fault is detected and interrupted

3. User-configured delay before initiating circuit testing

4. Low-Energy Test is applied and analyzed.

5. Since fault is still detected, interrupting device is 
locked out.



 Temporary Fault:

Low Energy Interruption and Testing

1. Normal load current

2. Fault current starts. Fault is detected and interrupted

3. User-configured delay before initiating circuit testing

4. Low-Energy Test is applied and analyzed

5. Since no fault current was detected, breaker recloses 
and re-energizes loads



 Modified IEEE 39-Bus System Model (also Known as “New England” Test System) with 
20% Renewable Penetration.

Model Description and Contingency Selection



System Voltage Response

Generator Stability - LEI vs. Conventional Clearing

LEI + LET 



Generator Frequency Response

Generator Stability - LEI vs. Conventional Clearing

LET



Generator Stability - LET vs. Conventional Reclosing
Generator Voltage Response

LET



Generator Stability - LET vs. Conventional Reclosing
Generator Frequency Response

LET



Simulation Results – Load Rejection
 LEI/LET Technology vs Conventional Clearing and Reclosing

Frequency Response (Permanent Fault vs. Temporary Fault)

Conventional
LEI/LET



Simulation Results – Summary

LEI/LET Feature

Transmission Benefit
Preserves generation PF  

Prevents load-shedding/load-loss PTF 

Prevents even more load-shedding PTF  

Fault LEI LET



Role of Protection on Stability
Faults Perturb the System…
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Role of Protection on Stability
Which Trips Protection...
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Role of Protection on Stability
Protection Operations Lead to Discontinuities
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Summary

Faster fault clearing enables renewables

Mitigates the system’s transient response by mitigating the magnitude 

of the perturbation

Supports low inertia, high-DER expansion

Permits reclosing where previously reclosing was not possible



References 

1. Evolution of ERCOT’s Frequency Control and Ancillary Services for Higher Levels of Inverter-Based Generation, J. Matevosyan, 
2/20/19.

2. “Planning High Wind Penetrated Systems Considering System Dynamic Aspects - The Irish Case”, D. Flynn, 15PESGM2812.
3. “Inertia: Basic Concepts and Impacts on the ERCOT Grid,” White paper, 201.
4. Texas RE Performance Indicators and Texas RE 2018 Assessment of Reliability Performance  

http://www.ercot.com/content/wcm/key_documents_lists/165186/05.__2018_State_of_Reliability_ROS_05022019.pdf.
5. Joint NERC and WECC Staff Report, Southern California Event: July 7, 2020, November 2020.
6. R. Eriksson, N. Modig, and K. Elkington, “Synthetic inertia versus fast frequency response: a definition,” IET Renew. Power 

Gener., vol. 12, no. 5, pp. 507–514, Apr. 2018.
7. K. Oureilidis et al., “Ancillary services market design in distribution networks: Review and identification of barriers,” Energies, 

vol. 13, no. 4, 2020.
8. P. Denholm, T. Mai, R. W. Kenyon, B. Kroposki, and M. O. Malley, “Inertia and the Power Grid : A Guide Without the Spin,” no. 

May, 2020.
9. CIGRE WG B5.01, Auto-reclosing and local system restoration.
10. C37.104-2012 - IEEE Guide for Automatic Reclosing of Circuit Breakers for AC Distribution and Transmission Lines.
11. NERC Transmission Availability Data System (TADS)  https://www.nerc.com/pa/RAPA/tads/Pages/default.aspx.
12. IEEE 39-Bus “New England” Test System Model Downloaded from the Electric Grid Test Case Repository Website: 

https://electricgrids.engr.tamu.edu/electric-grid-test-cases/ieee-39-bus-system/.
13. PES-TR18 Technical Report: “Benchmark Systems for Small-Signal Stability Analysis and Control”. IEEE Power Energy Society. 

August 2015.
14. S&C’s Website: https://www.sandc.com/en/products--services/products/intellirupter-pulsecloser-fault-interrupter/
15. Technical Report on the events of 9 August 2019, National Grid ESO, 6th September 2019. 

(https://www.nationalgrideso.com/document/152346/download)
16. Black System South Australia, 28 September 2016, AEMO’s Website: https://www.aemo.com.au/-

/media/Files/Electricity/NEM/Market_Notices_and_Events/ Power_System_Incident_Reports/2017/Integrated-Final-Report-SA-
Black-System-28-September-2016.pdf.

https://electricgrids.engr.tamu.edu/electric-grid-test-cases/ieee-39-bus-system/
https://www.sandc.com/en/products--services/products/intellirupter-pulsecloser-fault-interrupter/
https://www.nationalgrideso.com/document/152346/downloa
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Market_Notices_and_Events/%20Power_System_Incident_Reports/2017/Integrated-Final-Report-SA-Black-System-28-September-2016.pdf

	Slide Number 1
	Outline
	Falling Inertia Challenges
	Low Energy Interruption and Testing
	Low Energy Interruption and Testing
	Model Description and Contingency Selection
	Generator Stability - LEI vs. Conventional Clearing�
	Generator Stability - LEI vs. Conventional Clearing�
	Generator Stability - LET vs. Conventional Reclosing�
	Generator Stability - LET vs. Conventional Reclosing�
	Simulation Results – Load Rejection
	Simulation Results – Summary
	Role of Protection on Stability�Faults Perturb the System…
	Role of Protection on Stability�Which Trips Protection...
	Role of Protection on Stability�Protection Operations Lead to Discontinuities
	Summary
	References 

