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August 16, 2016 Faults

RELIABILITY CORPORATION

Blue Cut fire caused
® Thirteen 500 kV line faults
® Two 287 kV line faults
11:45:06 PDT Fault
® 500 kV line-to-line fault
® Cleared normally in 2.5 cycles (41.7 milliseconds)
® PV resources impacted — 1,178 MW
* 26 different solar developments
 All utility scale — connected at 500kV or 230kV
* 10 different inverter manufacturers
* No PV site system protection relays/breakers operated
 All action was by on-board inverter controls
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Solar Photovoltaic
Resource Interruption
Disturbance Report
Southern California 8/16/2016 Event

June 2017

1,200 MW Fault Induced

900 MW Fault Induced
Solar Photovoltaic
Resource Interruption
Disturbance Report

Southern California Event: October 9, 2017
Joint NERC and WECC Staff Report

February 2018
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Industry Recommendation
Loss of Solar Resources during Transmission Disawrbancesdue -
to Inverter Settings &

Tnitial Distributions June 20, 2017

to Inverter Settings - IT
Initial Distribugion: May 1, 2018

NERC hat

Full Analyses of Four IBR-Related Events

April and May 2018 Fault.
Induced Solar Photovoltaic
Resource Interruption
Disturbances Report

Southern California Events: April 20, 2018 and

May 11, 2018
Joint NERC and WECC Staff Report

January 2019
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T Blue Cut and Canyon 2 Disturbances

RELIABILITY CORPORATION

Blue Cut Fire Disturbance — August 16, 2016
= Line-to-Line 500 kV fault normally cleared in 2.5 cycles
= 1,200 MW loss back-calculated to ~2,500 MW from interconnection inertia
= Published disturbance report in June 2017
e Key Findings:
= Use of momentary cessation
= Frequency-related tripping

Canyon 2 Fire Disturbance — October 9, 2017

= Normally cleared 220 kV phase-to-phase fault followed by a normally
cleared 500 kV phase-to-phase fault

= 900 MW loss back-calculated to ~1,500 MW from interconnection inertia
= Published disturbance report in February 2018

e Key Findings:
= No frequency-related tripping but continued use of momentary cessation

= Transient overvoltage-related tripping
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Angeles Forest and Palmdale Roost

Disturbances

Angeles Forest Disturbance — 10 April 2018

500 kV “bolted” line-to-line fault — cleared in 2.6 cycles

— Line is mixed 500 kV underground/overhead

Lopsided RLC line parameters — unbalanced line shunt
reactors used to compensate.

Involved ~1,100 MW of BPS-connected PV
200 MW gas turbine loss/associated steam reduction
Evidence of jump in CAISO Net Load — DER loss

Palmdale Roost Disturbance — 11 May 2018

6

Fault on short 500 kV line — cleared in 3.6 cycles
Involved ~900 MW of BPS-connected PV
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What we quickly learned from inverter-based event analysis:
e SCADA data with samples every 4 seconds are virtually useless

e Momentary cessation on inverters and return can occur in
10-20 milliseconds — many have time delays on return that can
be seen by SCADA

= Back-calculation of actual momentary loss from known system inertia is
much larger than SCADA can see, but leaves a much higher rate-of-change-
of-frequency (RoCoF) — makes event detection easier

= Blue Cut fire SCADA value = 1,178 MW Back-calculated =~2,500 MW
e PMUs at 30 samples per second deliver data at ~33 milliseconds

e PMUs will still miss most if not all of the momentary cessation
impact

e Point-on-Wave data is needed
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® How do we deal with lower
short circuit current?

® What are the dynamics issues?

® Several Working Groups and
Task Teams of IEEE PSRC are
working on the System
Protection issues

® Other IEEE Committees are

IEEE Power & Energy Society TECHNICAL REPORT

July 2018 PES-TR68
(e

(EPes  @IEEE

11111111111

Impact of Inverter Based
Generation on Bulk Power
System Dynamics and Short-
Circuit Performance

PREFPARED BY THE
IEEE/NERC Task Force on Short-Circuit and System Performance

Impact of Inverter Based Generation

© IEEE 2013 The Institute of Electrical and Elecironics Engineers, Inc.
P il o BN pisleilion Ry B Iedoiioed IR aiy [, 7 eh Secionis Mfevl Gyl of ofbafviie, WEhOUE D Sl WiEEn Devfiaaion of the Subsbihed
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e Existing models largely DO NOT NERC
accurately represent installed
Modeling Notification -
reso u rce p e rfo r m a n Ce Recommended Practices for Modeling Momentary Cessation ™~

Initial Distribution: February 2018

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

. e . This Modeling Motification provides Generator Owners who own inverter-based resources, particularly
| I d e nt Ifl e d I S S u e t h at m u St b e a d d re SS e d solar photovoltaic (PV) resources, with recommendations for accurately modeling momentary c: for
existing resources that are not able to eliminate its use. Specific modeling requirements and steps to
accurately model this behavior in the second-generation positive sequence generic renewable energy

for models in planning and operations

Primary Interest Groups
Generator Owners (GOs), Generation Operators (GOPs), Transmission Planners (TPs), Planning

.
St u d I e S Coordinators (PCs), Reliability Coordinators (RCs), MOD-032 Designees

Background

‘L * ° The Blue Cut Fire in August 2016 identified that the vast majority of solar PV resources connected to the

u D eve I O p e d n Ot Ifl Cat I O n to h e I p I n d u St ry bulk power system (BPS) use an operating mode known as momentary cessation. Momentary cessation is
an inverter operating state where the power electronic “firing commands” are blocked such that both active

. . current and reactive current go to zero output. The NERC Inverter-Based Resource Performance Task Force
I n m 0 d e I I n g effo rts (IRPTF)? is developing recommended performance specifications for inverter-based resources, including
recommendations for momentary cessation. The task force has determined that momentary cessation
should not be used for newly interconnecting resources to the BPS and should be eliminated to the greatest

extent possible for existing resources on the BPS due to the reliability risk that the operating mode poses.

- G u i d a n Ce p rOVi d e d a S p a rt Of S e C O n d However, the NERC IRPTF recognizes that older vintages of inverters may require that mementary cessation

be used due to design considerations at the time of commissioning. This is censidered an eguipment

N E R C AI limitation that should be reported by the GO to their TP and PC. For these resources, it is critical that
e rt momentary cessation be captured with the dynamic models used to plan and operate the BPS. The second-

generation generic renewable energy system models are, in general, recommended for modeling inverter-

based resources in interconnection-wide base cases 3*? These models have some capability to model
momentary cessation, and are described in detail in this notification.

 Momentary cessation is sometimes referred to 33 “blocking” for this reasan.

# The NERC IRPTF consists of inverter manufacturers, GOs, GOPs, TP, PCs, Balancing Authorities (BAs), Fast AC Transmission System (FACTS)

device manufacturers, renewsble energy resource modeling experts, Regianal Entities, NERC, and FERC.

* *The second-generation generic renewsble energy system models” refer ta the lstest generic models used to represent inverter-based

resources (e, regc_a and reec_a models].

* Mare Getsiled vendor-specific models may be used for local planning studies. These models may already capture momentary cessation.

Howeuer, they are generslly not sllowed ar far the i jon-wice cases. The focus of this guidefine is an the generic
fori jon-wice modeling, and the use of the second ; sle energy system models for this

reazon.
* Some interconnections, for example the Texas Interconnection, allow for more detsiled, user-written models in their interconnection-wide
cases. This is left to the discretion of the MOD-032 Designees for each interconnection.
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NERC Inverter-Based Resource
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Reliability Guideline

e BPS-connected inverter-based
resource performance

e Guideline based on findings and
recommendations of NERC
disturbance reports

e

Reliability Guideline

e Intended as cornerstone document BPS-Connected Inverter-Based Resource
. . Perf
for industry moving forward e
September 2018

e Approved by NERC Operating
Committee

https://www.nerc.com/comm/Pages/Relia
bility-and-Security-Guidelines.aspx

e Basis for IEEE P2800 Inverter-Based
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Distribution
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NERC’s Multi-Pronged Approach

e Disturbance analyses and reports
= Blue Cut Fire, Canyon 2 Fire, Angeles Forest/Palmdale Disturbances

e Level 2 NERC Alerts

= |dentifying extent of condition, and recommending mitigating actions
e Modeling and simulations — Impacts of BPS-connected IBRs
e Outreach to BPS-connected non-BES resources (e.g., < 75 MVA)
e |[RPTF Reliability Guideline — for BPS Connected IBR

e NERC System Planning Impacts of Distributed Energy Resources
(DER) Working Group (SPIDERWG)

e Clarifications to NERC Standard PRC-024 — Generator Frequency
and Voltage Protective Relay Settings

e Industry education — webinars and workshops
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NERC’s Multi-Pronged Approach

e |[EEE 1547-2018 Standard applies to inverters connected
to distribution systems

e |[EEE P2800 Inerter Based Resource Performance Standard — for
inverters connected above distribution voltage (including
transmission voltages)

e |[EEE DER Managements System Guideline (P2030.11)

e Regulator education workshops — IEEE Standards are not
enforceable unless:

= Adopted by regulators
" Included in interconnection agreements (SGIA and LGIA)

* New Interconnection Agreement White Paper being prepared

e Potential modifications needed to NERC Standard PRC-002 —
Disturbance Monitoring and Reporting Requirements
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