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IBRs are vital to the nation’s clean energy goals ///«(\\T:—i GF
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Biden Administration Launches
Bipartisan Infrastructure Law Initiative to
Connect More Clean Energy to the Grid

MAY 31, 2022

Energy.gov * Biden Administration Launches Bipartisan Infrastructure Law Initiative to Connect Mare Clean Energy to the Grid

The Interconnection Innovation e-Xchange Engages Utilities, Clean Energy Developers, Regulators, and
Others to Enable More Clean, Affordable Electricity While Ensuring Grid Reliability, and Resilience

WASHINGTON, D.C. — The Biden Administration through the U.S. Department of Energy (DOE) today
launched the Interconnection Innovation e-Xchange (i2X) — a new partnership funded by
President Biden's Bipartisan Infrastructure Law that brings together grid operators, utilities, state
and tribal governments, clean energy developers, energy justice organizations, and other
stakeholders to connect more clean energy to America’s power grid by solving challenges facing
the power industry. The partnership will help reduce wait times for clean energy sources in
interconnection queues and lower costs to connect to the grid. As the Biden Administration ramps
up expansion of new renewable energy to reach the President's goal of 100% clean electricity by
U.S. DEPARTMENT OF 2035, i2X partners will develop solutions for faster, simpler, and fairer interconnection of clean

ENERGY

energy resources through better data, roadmap development, and technical assistance.



Risk of negative impacts to the bulk power system
must be mitigated
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Measurements can help mitigate risks
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= Initiated in April 2022
= Jointly funded by DOE's Office of Electricity (OE) and Solar Energy Technologies Office (SETO)

= Joint effort between PNNL, LBNL, ORNL, and NREL with cost share from McEachern Laboratories
= Objectives:
B Develop advanced measurement capabilities and analytics

B Accelerate adoption of IBRs
B Improve the reliability and resilience of the BPS

o

Pacific Northwest BERKELEY LAB

€MCEACHERN
= LABORATORIES INC

i.iNIREL %OAKRIDGE

Transforming ENERGY National Laboratory



Project Structure iy C

Year 1

Year 2

Gap Analysis (PNNL, ORNL, NREL) GridSweep Instrument (LBNL)

= Survey of utility partners’ measurement = System probing and waveform
capabilities: BPA, WAPA, KIUC (Kaua'i, measurement with unprecedented
Hawaii) precision

= Review of measurement-based IBR = Data collection and processing from
application requirements two sites

Application Development and Demonstration

= Develop nine measurement-based applications to support integration of IBRs
B Field demonstration of a synchrophasor-based application
B Testbed demonstrations of two waveform-based applications

» Release software tools for GridSweep analysis
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Survey of Utility Measurement Capabilities /////\
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= Synchrophasors
B Systems are mature and readily accessible
B Information about system limitations is scarce, or at least not readily available to the measurement users

= \Waveforms

B Accessibility varies widely among Transmission System
Operators (TSOs)

B Conventional use will continue to dominate (trigger-based
recording)

-26.3" Phase Shift . +26.3" Phase Shift

ngn N N " ) //\ N\ ,'"I;‘:fl II.I‘.II\\

B Value proposition for highly accessible (e.g., streaming) ( / \ ¥
waveform measurements is not strong enough yet to justify |\ / < / \ / \ \/

expenses: bandwidth, network management, security, storage st g AN

B Labeled event data to support Al/ML is lacking (for now)
= Plant owners are hesitant to share measurements —

; +26° Phase Shift -26° Phase Shift X 7

B Concerns similar to those surrounding models: IP, liability Timie (ms)
: . Source: NERC
B No requirements to justify expense
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https://www.nerc.com/pa/rrm/ea/1200_MW_Fault_Induced_Solar_Photovoltaic_Resource_/1200_MW_Fault_Induced_Solar_Photovoltaic_Resource_Interruption_Final.pdf

Review of IBR Application Requirements

MODERNIZATION INITIATIVE
U.S. Department of Energy

Application . IEEE Measurement Measurement Meas.
. Applications Std 2800 . = TRL References
Family . Type Location or RPA RR
Compliance
i imati i i Achtan at 3l IN1A] |
Inertia Esi_lmatlon NR® Synchrophasors Multlp!e locations I0Hz 8 [
(Transient) in TS Applicati IEEE M N M
) o POW Multiple locations kHz g [Kimm p'?aﬁ?ltlon Applications Std 2800 ea?ureement Lo-:?:is-:?r'lrec:?z}t'h IgaRs. TRL References
|“9’:[[:: Ebs_tlm:z;hon NR GridMetrix Meas. in TS (for GridMetrix) fmm Y Compliance yp
mbient -
Tie lines, SGs
Synchrophasors ; ’ 30 Hz 2 I Plant Level POwW,
i p and IBRs [T Control Design R Synchrophasors POIPOM 4 kHz 39 [Baker et al., 2021]
- Fast or Primary
S50 Metenng NR POW POI 120 Hz 9 [Cheng et Frequency R . POW, POM 20KkHz 5 [NERC, 2020a]
ynchrophasors
550 Source NR POW POl 120 Hz 2 Response
Localization :
| Control Virtual Inertia NR POW, POC 320kHz | 2 [Yap et al,, 2019]
o mpedance-based NR POW POI 20kHz 7 [Shah et a Based Control Synchrophasors
Monitoring Stability Analysis - [Entergy, 2022]
- — Reactive Power POW, !
Harmonic Stability R POW POM. POI 2 75kH 5 [Mat Control R Synchrophasors FOI, POM 3-20kHz 34 [Brown, 2020]
Analysis ' ’ z [War [WECC, 2020]
Eleciromagnetic - Automatic Voltage POW,
. ESIG, : g ' -
Stability R POW POI 1Hz-10kHz 5 [[NERC Regulation R Synchrophasors | TOC 2nd/POM | 3-20kHz | 34 | [Entergy, 2022, Guo et al., 2021]
Analysis Ride-throuah POW [Baker et al, 2021]
Inverter Synchrophasors Controlsg R Svnchrophasors POI 3-20kHz 1-3 [ESIG, 2020]
Synchronization R POW POM, POC 60Hz, 10kHz 3 (Globz Y P [Hart et al, 2022]
Stability Analysis [Kroposki, 2016]
Disturbance NR Synchrophasors, | oy by poc Many kHz | 2-9 [NER [da Cunha Lima et al., 2021]
Monitoring POW, Oscillography v Svnchroph -
, - ynchrophasors [Solectria, 2016]
- Anti Islanding R POI, POM 3-20kHz 3-8 .
Power Quality R POW POM. POI 8 kHz 7 | POW [Nassif et al., 2022]
Monitoring ' [Ent [Haddadi et al_, 2021],
Data-driven [Mills-Price et al., 2011]
Medeling - Line Current Differential Haddadi et al., 2021]
NR Synchrophasors POI, POM, POC 60 Hz 4 Protecti Ine L.urrent Uillerenta [Haddadi et al.,
— Reduced Order yneniop rOReCton 1 protection with IBRs R POW POC, POI TkHz 2 [Chowdhury et al., 2022]
Model Utility end [Paladhi and Pradhan, 2020]
Modeli Data-driven . . R POW POC, POI 1MHz 2 [Nagpal et al., 2020]
odeling Modeling distance Protection L
NR POW POC 20kHz 2-9 | [Bini, 2022]
— Impedance S c "
Spectrum Model L.eq.t‘fe“";’ t“"t‘?“ R POW POM, POI 3-20kHz | 2 [Mahamedi et al., 2018]
EMT Model [AECON Imiting Trotection
Calibration NR POW POC 20kHz 9 [DOE, 201: : . . POW, [Nordgard et al_, 2011]
and Validation [Badrz Planning Weak Grid Studies R Synchrophasors POM, POI Many kHz 2 [Muliadi, 2016]
Admittance Model POW
|dentification for NR Svnchro P;asors POM 2kHz 1 |ran et ar., LuLso]
S5R Screening y P
dg Admittance :
Model Identification NR POW POM, POI 2kHz 3-4 [Fan and Miao, 2020]
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= Develop a stronger value proposition for
expanding the use of waveform T
measurements i

B |dentify cost effective approaches for "'

Improving accessibility
e Synchrophasor-first architectures
e Automated polling from local storage g ':::"'i-": l
e Distributed solutions e —
B As barriers to model sharing are addressed, 250K S0 sl
consider plant-level measurements as well o T—
-

HydroOne Renewable Monitoring

Li, C. (2019). Inverter-Based Resource Monitoring and Event Investigations. Paper presented
at the NATF/EPRI/NERC Power System Modeling Conference, Novi, MI.
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= Clearly identify the user for proposed applications
B \Who does the value proposition apply to?
B Do they have access to the necessary measurements?

[solated @
IBR ! Point of .
| Connection | Pom‘t of
Isolated | (POC) | Measurement
: ! (POM)
IBR / S/ .
' Transmission
: : | ' IBR Tie-line - ; System
: - | Main IBR | |
[solated | Transformer i Point of
' 4@7 | | Interconnection
bR | | (POI)
Collector System
------------------------------------------- IBR Plant

_____________________________________________________________________________________
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= Address the need for event records with high-quality labels
B Show the value of existing signature libraries by using them in your research

® https://pgmon.epri.com/

® htips://gsl.ornl.qov/
B If your organization sees potential in Al/ML applications, be strategic in how you store and label event data

® Develop tools to make labeling and organization easier for these utilities

e Contribute events to existing libraries

2,500
2,000 1 ) ] .
S I : 1) “n AN N4 o Grid Signature Library (GSL) label:
. N / N f;" \ N f ,'I I| ;r l' I.'I I', In'l II,I .'II t I', / | / I| J,-'f \ / III " . . .
R RIVAVAVAVAVAVAVIVAR BWAR B VAN A Y . I"tﬁ FATAY While attempting to close back in
2 LR A AN ¢ | Il'yf ;' AR transmission line a fault occurred tripping
ANANANANAWAWANA' | |/ WiNivi '|I ANAYA ) )
ATRVATATATRTAIR | N \YaRVATRYRVATAYR the breaker at substation.
500 .f \ I.:' IIH' '. 'J; / II'. I|' \e A .'I 'I.I r' ".II i\ | ".II |.,." IIJ' [ 1 ./ '.I r
-1,000 \ III II"-..I I,'I I'-H I|'I II‘\"., .'II\- I|I I"-\ -I I|I IIII ||'I I'-II ||I I',I I,'I I III IIII II'I ',I I| II". I| \ I| II".,I III I'.
-1,500 I'I._I.'I ¥4 ¢ ' \ I I"u.ll [ I".v."l \ f \ 'IIuJ II",I | I".__,-'I \ | I".d-'l

-2,000
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https://pqmon.epri.com/
https://gsl.ornl.gov/

Recommendations

= Be aware of the measurement system’s limitations

B Environmental conditions
B Frequency response

B Calibration

B Accuracy class

= PNNL report with limitation checklist coming April 2023

MEASUREMENT PROCESS
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IBR Population — Subsynchronous Resonance Risk ZN=" rovermizarion nmanve

= |ndividual inverters are stable when connected to a strong grid.

= But what happens with [a] an interconnected population of inverters that [b] have
diverse PID weights and diverse control loop speeds and are [c] weakly connected

to each other?
= Resonance, Damping, and Inertia
*» IBR'’s are generally worse than rotating generators.
= How much energy required to initiate oscillation?
= Much less for IBR’s than rotating generators...
= Accidental vs Intentional (hostile act) oscillations

* Intentional requires knowledge of
= Subsynchronous resonant frequency
= Subsynchronous phase angle

Credit: commons.WikiMedia.org Tradycyjna, drewniana hustawka w Viljandi, Estonia.
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= Research instrument for subsynchronous resonance risk on grids.

= Probes grid with current: 0.1Hz — 40.0 Hz amplitude-modulated 60 Hz.

= Measures voltage response at a different location on the grid.

= Parts-per-billion voltage resolution (100,000 times more precise than the very best meters)

'J. L | 3 4’}.‘551"! ==
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E N E RG I Derived from original drawing by Paul Ortmann, Idaho Power




59 UTC

00 UTC to 2023-03-02 23:

dSweep-0010 - 2023-03-02 0

1-minute Vector Mean with McEachern Filter, 1 min sliding - 1.0Hz~40.0Hz - Full Scale 200ppm of 120V

Energy - Locks Crew Bldg Gr

inion

Dom

(AOZT Jo wdd) 3ANLINDVIW uoie|npo apniijdwy

200.0

u
-
—

150

.0

.0

-0

.0
GridSween gragh saftware 42,10
Usar Interface R

u
™~
—

100
5
0
5

0.0

v 1.2.0

. = = T == =
B <o I NS PPty SO Sy - e T ey = il
I AR WA, SR A I TR T T T
- - ey Py T A e R N e R N, Y S T o
. TS S = o e T T T L R i e R T

Bcaaat 001LT 20-€0

;-..)fi...lt e Tk e AR s et S
. > B o O SRR O R e S W b
" - e S B AR I BT .
R L e s T A R A e S L T S D Wt A .
- 4 00:ST Z0-E0
o S S A -ffL-ys:r l.fr.rt»u\..Q’.pffa\reﬁ.: =
. . L B A S e VT e S S s R

s RN LT Y i.r_....r.‘.........,..,.. = ......\.fi...vinnn...ﬂsﬂ.hm.r.n‘......»...u?ﬁaw.uu..... L B R B P =

y el 00:ET Z0-E0
e e A e e e o - e Lis & T e e :
B N e A R N AT O S P B U R D R B S RN B 00:11 Z0-€0
- AR R R e T P R LA iL.uarklfﬁﬂ.rE?u?hrmPvikﬂlfﬂuﬂ s

~ 00:60 Z0-E0

B s a -

R R R R A R

L S e e L e [ L L e e W e e e AL S SR et e i 3 2

N e ns-..., P’ i o
T e F i i i S o

g 00:L0 Z0-£0

& 00:50 Z0-E0

SR L R E

00:€0 20-E0

T e WY S " g T A S !r
Rt e i AT e e e A

&1 00:10 20-£0

B 00:€7 10-€0

1 00:1Z 10-€0

40.0

00:6T T0-E0

35.0
30.0
25.0
15.0
10.0

5.0

(z13H) ADN3INO3IYL uonenpojy apnjijdwy

DATE AND TIME - LOCAL (UTC-5)



59 UTC

00 UTC to 2023-03-02 23

dSweep-0010 - 2023-03-02 0
1-minute Vector Mean with McEachern Filter, 1 min sliding - 1.0Hz~40.0Hz - Full Scale 200ppm of 120V

Energy - Locks Crew Bldg Gr

inion

Dom

H>DNH 0 Ean: .u.n_D._._zw<_>_ uone|npop apnyidwy

200.0
150.0

5 5
P~ ™~
— —

100.0
5
0.
5

0.0

S T T T AT T e T e B TR T Tl 1 S e A T A ey T A T A e B KB A A i
- P ——— PR T e e ’ 3 FErT
S o A T AR o R e i o e < s e T e A e e e N i - ey

T e e A T N A % A L O R S T A R it MRS T

00:LT Z0-E0

B T T K T e T P e A T I M T N N B i G
e e  omh e b g R i . A . S e T ————
TR R L e S A R G e T A L Do re S e B e e N R b r e T e

?

b e O A S R Rt A Al T R &
T s L e TR e MR R A T e e

o e R R T e N S TR S e S T 3&3»&-&;

00:ST €0-E0

nals

B D P NN b W 50 3 T ST A o an T D - s
- E PN S o L B S e e e i e T S R o e B s i SR O i e i
ST e T e Pk Y W e I S R A A T R D S S AR R o . A s

ig

i A e S i P ST AT Y E e =
o e e T T P (7,
SR R R SR SR N
> a &1 00:ET Z0-E0
| &
: e BN TS A SR, ...”.....‘._.p.,.\.,....,%.,._..r...f.{.,.. m & 00:TT Z0-€0
¢ i e SR i s
e 2 RS B
e Pt S
= -~ = Ve ) e i S T s e Tk ST TURT

— 7 00:60 £0-£0

= PR S RL L S e e S ?
- - L

se columns
';-f§$tj’ef'ps

4

g 00:L0 Z0-£0

noise

3
3
2

00:S0 Z0-EO0

T
3
&
]
i

e o e e e e Y R £ SR
T P e i S, S T e e N R W

5
4

AM
olt

..,.1......\:..4..1_,.. T e 0 e 2 s pn%aig 00:€0 Z0-€0

TRt T e st e T AR R ..«..u.is e o

L

¢
X
£
4

) Iu
ably/

]

ge
i Background silence

SERSEES. 00110 20-€0

ectr
ba

W g
1

spe

4

B 00:€7 10-€0

!

»
2 F
4

Broad's

00:TZ T0-€0

- 00°6T TO-E0

40.0
35.01
30.0
25.01
20.0
15.01
10.0
5.01

(Z113H) AININOIY4 UONEINPOR 3pnYdiuy

DATE AND TIME - LOCAL (UTC-5)



. . . §:\\7/
Early Practical Takeaways: GridSweep® Project W= GF

\\\\: U.S. Department of Energy

= Research in progress now.

= |BR population oscillation risks need to be understood.

= Risk of sub-60-Hz oscillation can be measured via frequency source impedance
= Distribution grid characteristics can be measured from 120V outlets.

» Real-time Bulk grid parameters may be measurable from 120V outlets... P 4 -
[ ] [ ] [ ] [ ] [ ] [ ] [ ] GPS:F#
= Consider this population stability risk in IBR standards®? ,
\:_TGTSL;EJ
= Awareness of risk: intentionally-provoked oscillations by (@) |
. y p g""‘_}ﬁ 122?\5qu o 125 &_'!
= Population-of-loads vector? l l RNNSE l l
VoY

= Phase related defenses

GS009-R <4—3— ( ) —3-— _ R

GS006-

G50
—35 G010
GS011 -
Y \J o

U.S. DEPARTMENT OF Derived from original drawing by Paul Ortmann, ldaho Power
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