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Table ES.1: Reductions of Output by Unit Type

Plant Type Reduction [MW]

Synchronous Generation Plants 844
Solar PV Plants 1,711
Total 2,555

https://www.nerc.com/comm/RSTC_Reliability Guidelines/NERC 2022 _Odessa_Disturbance Report%20%281%29.pdf
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Cause of Solar PV Reduction

® Inverter AC Overcurrent m Inverter Phase Jump

= |nverter AC Overvoltage Inverter DC Voltage Imbalance

= Incorrect Ride-Through Configuration = Momentary Cessation/Power Supply
= Unknown
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Table 1.1: Causes of Solar PV Active Power Reductions

Odessa 2021 Odessa 2022
Reduction [MW] Reduction [MW]

Cause of Reduction

Inverter Instantaneous AC Overcurrent - 459 6
Passive Anti-Islanding (Phase Jump) - 385 | €@
Inverter Instantaneous AC Overvoltage 269 295
Inverter DC Bus Voltage Unbalance - 211 Q
Feeder Underfrequency 21 148*
Unknown/Misc. 51 96
Incorrect Ride-Through Configuration - 135 8
Plant Controller Interactions — 146 0
Momentary Cessation 153 130%*

Inverter Overfrequency — —

PLL Loss of Synchronism 389 - &
Feeder AC Overvoltage 147 - &
Inverter Underfrequency 48 - &
Not Analyzed 34 -

* In addition to inverter-level tripping (not included in total tripping calculation.)
** power supply failure
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Review of Affected Solar Plants

eview of Solar PV Faci

* Naming convention of facilities is a continuation of the 2021 Qdessa Disturbance; therefore, plant numbering is not necessarily

alphanumeric but does match the labeling used in the 2021 Odessa Disturbance.

- . . POl .
Facility Capacity Reduction Voltage In-Service Cause of Reduction
ID [Mw] [MwW] Date
[kv]
Plant B 152 133 138 | June 2020 Inverter phase jump (passive anti-islanding) tripping.
November . ) - . -
Plant C 126 56 345 2020 Inverter phase jump (passive anti-islanding) tripping.
Plant E 162 159 138 § May 2021 Inverter ac overvoltage tripping.
Plant U 143.5 136 138 | Auvgust 2021 In_\.refterac overvoltage tripping; feeder underfrequency
tripping.
Plant F 50 16 69 ig'it; mBer | ynknown.
Plants | & . ) - . -
304 196 345 | June 2020 Inverter phase jump (passive anti-islanding) tripping. *
) Denotes plants that went
Plant v 253 106 345 Inverter dc voltage imbalance tripping. 1 1 1 1
é PR into commercial operation In
Plants September - )
K& L 157.5 130 188 | D e Momentary cessation/inverter power supply failure. Iate 2020 onward
Plant M 155 145 138 | March 2018 Ipverterdcvoltagem‘pélance tripping; incorrect inverter
ride through configuration.
Plant N 110 35 138 | March2017 | Unknown. > 900 MW redUCtlon
November
Plant O 50 15 138 2016 Unknown.
Plant P 157.5 10 138 | August 2017 Inverter ac overcurrent tripping.
December o
PlantQ 235 12 138 2020 Inverter ac overcurrent tripping.
Plant R 268 261 138 §f June 2021 Inverter ac overcurrent tripping.
Plant 5 100 94 138 ggigm ber Inverter dc voltage imbalance tripping.
Plant T 187 176 138 September In_ve ¢er ac overcurrent tripping; feeder underfrequency
2021 tripping.
TOTAL 1,711
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NERC Growing Solar PV Portfolio
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wMagnitudeof reduction highlightsmportanceof ensuringall
BP&Sconnected inverteibased resources are operating in a
manner that ensures reliable operation of tB&S

wTime of Event£2008,660 MWsolarPVresources in ERCOT
A Additional7903,010 MWin commissioning process
wNear Future25;80028,850 M\WsolarPV resources with sighed

Interconnection agreements IBRCO@eneration
Interconnection queue between now arid23
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NERC Positive Sequence vs. EMT
SRR S ARSI Modeling Capabilities

Table 3.1: Solar PV Tripping and Modeling Capabilities and Practices

Cause of Reduction Can Be Accurately Modeled in | Can Be Accurately Modeled in
Positive Sequence Simulations? | EMT Simulations?
Inverter Instantaneous AC Overcurrent No Yes
Passive Anti-lslanding (Phase Jump) Yes® Yes
Inverter Instantaneous AC Overvoltage No Yes
Inverter DC Bus Voltage Unbalance No Yes
Feeder Underfrequency No" No®
Incorrect Ride-Through Configuration Yes Yes
Plant Controller Interactions Yes® Yes®
Momentary Cessation Yes Yes
Inverter Overfrequency No" Yes
PLL Loss of Synchronism No Yes
Feeder AC Overvoltage Yes' Yes
Inverter Underfrequency No" Yes
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NERC the Models
HORTHEAMERIGANERECRRIC Recreate the Cause of Reduction?

Table 3.1: Solar PV Tripping and Modeling Capabilities and Practices
CwsaofReducion Positive Seduence Simulations? | £V Smtatonss

? Inverter Instantaneous AC Overcurrent No Yes
Passive Anti-Islanding (Phase Jump) Yes® Yes

Inverter Instantaneous AC Overvoltage No Yes

Inverter DC Bus Voltage Unbalance No Yes

Feeder Underfrequency No” Mo*

Incorrect Ride-Through Configuration Yes Yes

Plant Controller Interactions Yes* Yes®

Momentary Cessation Yes Yes

Inverter Overfrequency No" Yes

PLL Loss of Synchronism No Yes

Feeder AC Overvoltage Yes' Yes

N O 2 1 1 Inverter Underfrequency No® Yes

NO NO

m |nverter AC Overcurrent = Inverter Phase Jump

= |[nverter AC Overvoltage Inverter DC Voltage Imbalance

m |ncorrect Ride-Through Configuration = Momentary Cessation/Power Supply
= Unknown
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NERC the Models
HORTHEAMERIGANERECRRIC Recreate the Cause of Reduction?

NO NO

m |nverter AC Overcurrent = Inverter Phase Jump

= |[nverter AC Overvoltage Inverter DC Voltage Imbalance

m |ncorrect Ride-Through Configuration = Momentary Cessation/Power Supply
= Unknown

X{e@yOK DSY Ly@g2t SRK b?2
- Transformer differential protection

-  AVR manual mode
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NERC Do the Models
HORTHEAMERIGANERECRRIC Recreate the Cause of Reduction?

Table 3.4: Review of Solar PV Fa

. . Fagili ction . Positive EMT Model
ow/ he¢ Qa | yamsNKw Cause of Reduction Sevence Medel | " ppabia

Plant B 133 Inverter phase jump (passive anti-islanding) tripping. | Unknown* Unknown
Plant C 56 Inverter phase jump (passive anti-islanding) tripping. | Unknown Unknown
Plant E 159 Inverter ac overvoltage tripping. Unknown* Unknown
PlantU | 136 L"::;:;;:z:::ﬁ:ﬁ:;_”pp"‘g: feeder Unknown Unknown
Plant F 46 Unknown. Unknown Unknown
Plant | 196 Inverter phase jump (passive anti-islanding) tripping. | Unknown Unknown
Plant J 106 Inverter dc voltage imbalance tripping. Unknown Unknown
Plants T .

K+L 130 Momentary cessation/inverter power supply failure. | Unknown Unknown
PlantM | 146 verter ide hrough confgoration. | Unknown Unknawn
Plant N 35 Unknown. Unknown Unknown
Plant O 15 Unknown. Unknown Unknown
Plant P 10 Inverter ac overcurrent tripping. Unknown* Unknown
Plant Q 12 Inverter ac overcurrent tripping. Unknown Unknown
Plant R 261 Inverter ac overcurrent tripping. Unknown* Unknown
Plant S 94 Inverter dc voltage imbalance tripping. Unknown* Unknown
Plant T 176 Inverter ac overcurrﬂ_‘lt tripping; feeder Unknown* Unknown

underfrequency tripping.
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Takeaways and Recommendations
Inverter -Based Resource Modeling Moving Forward
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NERC Takeaway #1.:
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Very high IBR penetrations Subsynchronous
and islanded networks controls interactions

/

Unbalanced power

Controls instability flow studies

Lowshort circuit

strength networks High DER

penetrations
Use Cases for EMT

Shortcircuit Studies for IBRs Power quality
current analysis studies

Benchmarkingpositive

Potential protection
sequencamodels

system operation

Ridethroughcapability and ~ Controlsinteractions (planito-
performanceanalysis plant and within the plant)
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Takeaway #1.:
EMT Modeling
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Reliability Guideline

Electromagnetic Transient Modeling for BPS-
Connected Inverter-Based Resources — Model
Requirements and Verification Processes
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