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Rate of Change of Frequency (ROCOF) Applications

 NERC Essential Reliability Services (ERS) effort to track grid
Inertial performance year over year

« NERC Reliablility Issues Steering Committee (RISC) report
— Profile # 6: Loss or lack of situational awareness

— High raw ROCOF indicates either very large resource loss and/or lower
Interconnection inertia

— One cornerstone of an Interconnection-wide situational awareness toolset
enabled through phasors

* High raw ROCOF events are NERC Standard MOD-027-1

generator modeling opportunities
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http://www.nerc.com/comm/RISC/Related Files DL/ERO_Reliability_Risk_Priorities_RISC_Reccommendations_Board_Approved_Nov_2016.pdf

Frequency Response Review
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ROCOF Observations

* Directly related to Interconnection size
300 r * Strong positive correlation between ROCOF and size
QUEBEC of resource loss
* (Can be used to improve loss estimation
* Interconnection situational awareness
* Interconnection regression lines would rotate
counter-clockwise over time with decreasing inertia
(NERC Essential Reliability Services)
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Abnormal ROCOF Detection at FNET/GridEye

* High raw ROCOFs are generally associated with very
large resources losses

* High normalized ROCOF reflects lower inertia

* Real-time detection and notifications of abnormally
high normalized ROCOFs at FNET/GridEye provide
situational awareness
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FNET/GridEye Notification

Basic Event Information
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High Normalized ROCOF Factors

* Predominantly off-peak
hours

* Trace accompanied by
large oscillations

» “Edges” of the
Interconnection
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High EI ROCOF Example

—_
[\
T

—_
]
T

) X X

N X x

T 8 xx XX

£ * oy

~ X X XX

%6_ X x)ﬁx X g

@] X % X oy X z

d Xy xXx X X g
4+ i 2

7 X £

O | 1 1 I
0 0.2 0.4 0.6 0.8 1 1.2
Amount of Power Loss(GW)

Event time:
2016/03/02 07:53:29 UTC
Amount: 1194MW in NH

OAK

60,0054+

60.000

50,985

56460

58,985

50,500

58,576

80,270

£0.958

g

&
n
o
&

B
1]
8

50,845

56.540

50,9385

58,930

E8.528

£0,220

50.815

56.910

1IN IED O TV -
mo VI VERDL 1 1LY
TENNESSEEUF
| KNOXVILLE
b z ] 4 i # 3 g 7 4 b g b
b i @ @ 7 @ b i i @ 3 bl &
5 5 5 5 5 5 5 5 5 = 5 5 5
Time (UTC}

RIDGE

National Laboratory

—— UsVaRichmondsi1
—— UsliChisagat2l
UsFiLakeland&23
UshrlittleRock847
UzMdBizmarekésd
UsChChillizothesTd
— UshlSaeosT1
UshMaMelsoba2
—— UsMaBastensed
—— UsVaRvs 626
—— CalnTerontar0d
UszinMipzc713
UsidnOtpe720
UsTrknaxORKLT22
— UsMdMduwillistanT 26
— UsMdMdudizkinson2s
—— UsMdMduglendiveT3
UsSdBlgatensT
——— UsFIMiamiT42
UsidoGape74d
Usliliuc 755
UsPAnElk riverfél
UzEC CharlastenTE2
—— UsliMarianTsT
UsMiTamsriverTr4
UsMelesTTT
UsliMamaniTE
= UsVaHaymarketraz
—— UslnMipseaTar
UsTnlMemphizEtd
UszOhAspBa3
UshlyF ultona2s
— UslaCadarFalls242
— UsksDodgeCitysdd4
= UsVaNewp ortnewsedr
UsTrunlveonnsss
= UzMnDedye CentersrT
UsOkMermang82
Ushok anzascityEa6
UshlyTroyEaz
UsSchikansdq
UsMjPlainsboros4s
CatnEmbrundsi
= UsMeCharlome963
Us\WiWaukeshasTe
UsBaNorerosesad
UsheRaleigh1009
UsFaPittsburgh1136

e UNIVERSITYof

"TENNESSEE

KNOXVILLE




Next Steps and Future Work

 NERC to select "base year” for normalized ROCOF for
ERS tracking, clean and build dataset

* Use ROCOF to improve estimated resource loss size
notification

* Explore other situational awareness capabillities (2016
NERC RISC Report, profile # 6)

* Post high ROCOF events as modeling opportunities as
well as to study possible local low inertia issues
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Questions?




Appendix




Risks of Inadequate Situational Awareness*

e RIsSks:

— Inadequate situational awareness can be a precursor or contributor to BPS
events

— Insufficient communication and data regarding neighboring entity’s operation
IS a risk as operators may act on incomplete information
« Mitigating the risks:
— Develop new measures of reliability beyond reserve margins

— Develop real-time notification of interconnection anomalies and outliers
(e.qg., large load or resource losses, large oscillations, large angle changes,

low inertia)
*Source NERC 2016 “ERO Reliability Risk ri%r)ities” report
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Situational Awareness Opportunities

 The NERC 2016 “ERO Reliablility Risk Priorities” report* notes the need
for enhanced situational awareness

* FNet toolset could be used to meet goals in the report, specifically real-

time notification of

— Very large load or resource losses

— Large or persistent oscillations

— Large interconnection angle changes

— Low Inertia

« Recommend NERC and NASPI work on this goal

*Report available at

http://www.nerc.com/comm/RISC/Related%20Files%20DL/ERO Reliability Risk Priorities RISC Reccommendations Board Approved Nov 2016.pdf
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http://www.nerc.com/comm/RISC/Related Files DL/ERO_Reliability_Risk_Priorities_RISC_Reccommendations_Board_Approved_Nov_2016.pdf

Power Loss and ROCOF Estimation

. e e s — * Average =4*7866MW/Hz
| | == | « Inthis case, frequency drop 0.025Hz,
estimated amount of generation trip MW:

Estimated drop =0.038*4*7866=1200MW

e actual =1194 MW
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High El normalized ROCOF Example
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