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Accurate inertia estimation is important

Higher renewable penetration - lower inertia - lower frequency nadir
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Problem Background

 Renewable energy increase will significantly amplify the volatility and
uncertainty of system inertia.
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Inertia Estimation Techniques

Input data Performance
Event Includes load, Results
Methods ems PM: o o IBR, and other  impacted Comments
U . behind-the- by FFR and
tion ) i )
meter inertia load damping
Dispatch- Easy to do, but IBR control,
P N X X 1 x load, other artificial inertia may
based
be lost
Event-driven  x J J J J Most accurate, needs to wait for
events,
Probing x | x J J Better accuracy than ambient,
signal real time, invasive, added costs
Ambient « J x J J Real time, low cost, data
signal processing has challenges

1 The dispatch-based inertia can include the behind-the-meter inertia by including correction factors, but these behind-meter inertias are not measured directly.
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UTK Inertia Estimation Using Ambient Frequency Signal

Extract ambient frequency signal
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UTK Inertia Estimation Using Ambient Frequency Signal

Machine learning based method

= Minimum Volume Enclosing Ellipsoid (MVEE) from ambient-frequency features

1I5 x,lu-ﬂ- | | | = 10
—— Unit 1 —— Unit2 —— Unit 3
it | MVEE -
EJ_ o l¢ 1&4":[}&!1 M’Itﬂ'ﬂ ﬁ"—‘fpn JB“? nas L H»M‘,hl —
S i iy i T U T
g -0.5
g . Features | Dimension |
wo Tr Ellipsoid volume 1
1 sl Ellipsoid eccentricity 1
| Ellipsoid centers 20
-2 : : : : : Projection of the longest axis 20
o 10 20 30 40 50 60 _
Time (s) Daily average temperature 1
https://ieeexplore.ieee.org/document/9281662 Load profile 1

@EURENT Total dimension 44


https://ieeexplore.ieee.org/document/9281662

UTK Inertia Estimation Using Ambient Frequency Signal
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UTK Inertia Estimation Using Ambient Frequency Signal

Machine learning — WECC results vs NERC Data
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UTK Inertia Estimation Using Ambient Frequency Signal

Data + Physics based method o ocelsunnise e
: ‘relativeline'rtia’ results from islalnd #1 |
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Potential Solution from Pumped Storage Hydro
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Potential Solution from Pumped Storage Hydro

PMU data of ten Bath county pump switching off events show that the
MW change is relatively constant.

Dominlon PMU power Event # Time EDT Step change, MW
450 ———— i 1 06/30/2021 13:13:30 347.7
00 T | — 5 06/28/2021 11:11:00 342.5
350 % ! }
T ———— 6 06/24/2021 05:52:23 339.2
o C 7 06/18/2021 07:05:26 339.8
. ! ! 8 06/12/2021 08:51:15 339.1
= 20 | 9  05/30/2021 07:27:00 343.5
150 ". 10 05/17/2021 w:25i0 344.8
100 f
50 L h
0 “\_/" MW step change difference
50 = P o ; " " (Max-Min)/Average=(347.7-339.1)/342.4=2.5%

Time/s
PMU power of ten Bath county pump switching off events
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Online Inertia Estimation System Design

1. Real-time

GridEye
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