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Elevate Experience and Expertise

1,200 MW Fault Induced 900 MW Fault Induced April and May 2018 Fault San Fernando
Solar Photovoltaic Solar Photovoltaic Induced Solar Photovoltaic Disturbance
Resource Interruption Resource Interruption Resource Interruption California Event: July 7, 2020
Disturbance Report Disturbance Report Disturbances Report Joint NERC and WECC Staff Report

Odessa Disturbance
Texas Events: May 9, 2021 and June 26, 2021
Joint NERC and Texas RE Staff Report

September 2021

Southern California 8/16/2016 Event Southem California Event: October 9, 2017 Southem California Events: April 20, 2018 and November 2020
il Joint NERC and WECC Staff Report May 11, 2018
June 2017 Joint NERC and WECC Staff Report

February 2018

January 2019
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H H H 2 - ner orage stem
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I Texas Event: March 22, 2022 Texas Event: June 4, 2022 Southwestern Utah: April 10, 2023

CAISO Joint NERC and Texas RE Staff Report Joint NERC and Texas RE Staff Report Joint NERC and WECC Staff Report o P
Disturbances between June and August 2021 Cafornle Evm.s. ‘vch. 'am An:\ 6, 2022
Joint NERC and WECC Staff Report August 2022 December 2022 August 2023 Joint NERC and WECC Staff Report
April 2022 September 2023
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Background

Elevate submitted independent comments on NOGRR 245 (here)
Was unable to present at the May 10 TAC Workshop

This presentation...

Does NOT Cover

* Fundamentals of performance requirements * Historical back-and-forth on NOGRR 245
enhancements * Economic analysis
* Technical basis for Elevate comments * Advocating for exemptions

e Educational comparison of requirements
e Educational background and information
* |deas for effective path(s) forward
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https://www.ercot.com/files/docs/2024/04/15/245NOGRR-75%20Elevate%20Energy%20Consulting%20Comments%20041524.docx

Frequency Ride-Through Curves
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* NOGRR moves from relay settings to
performance-based requirement
o Existing NOG and New Legacy match
o New Preferred exceeds |[EEE 2800

* PRC-029 is misaligned (~25% approval

* Frequency-related tripping to-date?

o “Instantaneous frequency” tripping in
inverters (CA events) and feeder protection
(Odessa events)

= Unrelated to curves



Voltage Ride-Through Curves

1.3

s Key Takeaways:

1.1 == * NOGRR clarifies confusion with relay setting

0; versus performance-based requirement
E I." o Existing NOG and New Legacy match
Y] ’
g 07 a * Preferred VRT requirements in TAC version of
= :
=7 NOGRR 245 exceeds |EEE 2800-2022

04 7 requirements

/ Preferred . .

0.3 A e B e e e o e e e e’ [t Legacy ¢ A|IgnS W|th PRC'029 (~25% approval)

0.2 7 — — — —  |EEE2800

01 | o * Voltage tripping to-date?

0 = o Inst. AC overvoltage (most prominent)
0 1 2 3 4 5 6

o AC undervoltage (unexplained, non-BES)
o Both unrelated to curves
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Requirements Addressing Causes of Tripping

Odessa Software

(3) If protection systems (including, but not limited to protection for over-under-voltage, Locatio 1] Ide ntifiEd ISsue .
ratf_:-of—change of frequency, anti-1slanding, and phase angle jump) are installed and Eve ntS? lea b I e ?
;C.tl‘: (3) If protection systems (including, but not limited to protection for over-‘under-frequency, M omentar C ess atl on X Ye S
p;;’;ﬂ rate-of-change-of-frequency, anti-islanding, and phase angle jump) are installed and Y

- act:i_vated to trip |the IBR or Typ.el 1 WGR or Type 2 WGE, they shall enable the Resource | nst. Fre q uen Cy YeS
to ride through frequency conditions beyond those defined in paragraph (1) above to the
maximum extent equipment allows, Inst. AC Overvoltage X Yes
v
4 An [BR or Type 1 WGR or Type 2 WGR shall mject electric current when required to DC Reverse CU rrent YeS
ride-through voltage conditions. When the POIB voltage is outside the continuous v LLL X Y
operating voltage range, an IBR shall continue to deliver pre-disturbance active current P 2k Of Syn C/P h cles J L p =
pnless reduction is needed for voltage support or otherwise specified by ERCOT or the SlOW Active Power Recove ry X Yes
mnte . _ . . .
ol (3) Plant controls, turbine controls, or inverter controls of an IBR or Type 1 WGE. or Type 2
ch: WGR shall not disconnect the Resource from the ERCOT System or reduce its output AC U n derVO|tage Yes
- during voltage conditions where ride-through 1s required unless necessary for providing
t
it opropriate fequencs reupome Inverter Inst. AC Overcurrent X Yes
IBR interconnects and ensure sufficient active current 1s available for protection system DC H |gh/LOW VO Itage Yes
sensing. An IBR or Type 1 WGR or Type 2 WGR shall return to its pre-disturbance level
(6) If instantaneous over-currenit or over-voltage protection systems are installed and DC VO Ita ge U n ba Ia nce X YeS
activated to trip the IBR or Type 1 WGR or Type 2 WGR, they shall use filtered . K . . .
quantities or sufficient time delays to prevent misoperation while providing the desired Ri d € Th ro Ug h M ISCO nflg uration X YeS
equipment protection. Any instantaneous over-voltage protection that could disrupt 7
power output shall use a measurement period of at least one cycle (of fundamental DC Ove rcurrent Yes
frequency). Auxiliary Equipment Maybe
(8) An IBR or Type 1 WGER or Type 2 WGR shall not use measurements of quantities such SUbSynChronous OSC|I|at|0n Maybe
as phase angle jump and rate-of-change-of-frequency to trip or reduce the output of the
Resource during fault conditions where the POIB voltage remains within the ride-through AC Current Un ba I ance Yes
profiles spemﬁed n parf-lgraph (1) above, unless the Resource has an approved exemption I nverter- P PC I nteract | ons X YeS
or extension under Section 2.13. Plant'l_evel

AA& Feeder Underfrequency X Yes

El EVATE :
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Alignment with Draft NERC PRC-029

* PRC-029 allows for exemptions

R6. Each Generator Owner and Transmission Owner with a documented equipment
limitation that would prevent an applicable IBR that is in-service by the effective date

of this standard from meeting voltage ride-through requirements as detailed in @) N on egOt | at Ion Of exem pt 10 n; G O
Requirements R1 and R2 shall communicate each equipment limitation to the .

associated Planning Coordinator(s), Transmission Planner(s), and Reliability d ocuments an d communicates
Coordinator(s). [Violation Risk Factor: Lower] [Time Horizon: Long-term Planning]

6.1. Each Generator Owner and Transmission Owner shall include in its u Eq u | p me nt | nfO rmatio N

documentation:

Parts unable to meet

6.1.1 Identifying information of the IBR (name, facility #, other)

6.1.2 Which aspects of voltage ride-through requirements that the IBR would
be unable to meet

Specific equipment causing limitation

6.1.3 Identify the specific piece(s) of equipment causing the limitation - Pla ns to repa | ror replace eq U | pment (If any)
6.1.4 Information regarding any plans to repair or replace the limiting
equipment that would remove the limitation (such as estimated date of u CO mmun icate Cha nges (If any) th at affe Ct

repair/replacement)

6.2. Each Generator Owner and Transmission Owner with a previously eq ul p me nt Causl ng | Im |tat|0 n
communicated equipment limitation that repairs or replaces the equipment .
causing the limitation shall document and communicate such equipment O VO Ita ge ri d e_t h rou g h on Iy
change to the associated Planning Coordinator(s), Transmission Planner(s), and
Reliability Coordinator(s) within 30 days of the equipment change. - Major COnfUSion given the frequency ride'
* Disclaimer: NERC PRC-029 still in development and receiving low ballot scores th ro Ug h curve an d existi ng kn own freq uen Cy

E{#/)vk challenges particularly for wind
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Explanation of Comments

Elevate Comments on NOGRR 245
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#1: ERCOT Event Analysis Process

1,200 MW Fault Induced 900 MW Fault Induced g April and May 2018 Fault San Fernando .
Solar Photovoltaic Solar Photovoltaic Induced Solar Photovoltaic Disturbance Odessa Disturbance
Resource Interruption Resource Interruption Resource Interruption Southern California Event: July 7, 2020 }5 :TNEE_:IGS ‘:.,5*;’2 Z'szaoez ls&?frz): 5 xz ik
Disturbance Report Disturbance Report Disturbances Report Joint NERC and WECC Staff Report ' § ™
September 2021
Southern California Event: October 9, 2017 Southem California Events: April 20, 2018 and November 2020

Sou 0 /16/ 6
T Coiomie. (V1 0/ 2075 Dent Joint NERC and WECC Staff Report May 11, 2018
Joint NERC and WECC Staff Report
2017
June 201 February 2018

January 2019

RELIABILITY | ACCOUNTABILITY RELIABILITY | ACCOUNTABILITY RELIABILITY | ACCOUNTARILITY MELIARILITY | RESILIENCE | SECURITY RELIABILITY | RESSLIENCE | SECURITY

. -

Multiple Solar PV Panhandle Wind 2022 Odessa A 2023 Southwest :022 Caslitfﬂﬂia gat:ef\f
Disturbances in Disturbance Disturbance Utah Disturbance et 4 e o ghas s s
Disturbances
CAISO Texas Event: March 22, 2022 Texas Event: June 4, 2022 Southwestern Utah: April 10, 2023
Joint NERC and Texas RE Staff Report Joint NERC and Texas RE Staff Report Joint NERC and WECC Staff Report

California Events: March 9 and April 6, 2022

Disturbances between June and August 2021 Joint NERC and WECC Staff Report

Joint NERC and WECC Staff Report August 2022 December 2022 August 2023

April 2022 September 2023

LIARTLITY | RESILIENCE | SECLRITY

RELIABILITY | SESILITNCE | SECURITY
7 ” o i 220

SELIABILITY | RESILIENCE | SECURITY

. -

RELIABILITY | RESILIENCE | SECURITY RELIASILITY | RESILIENCE | SECURITY
i

-
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#2: Software Updates Address System Risk

Not Analyzed Odessa | Software
Fix Unknown 20, Location |ldentified Issue
4% Events'-’ leable'-’

Momentary Cessation
FixTBD —— Inst. Frequency Yes
9% Inst. AC Overvoltage X Yes
DC Reverse Current Yes
PLL Loss of Sync/Phase Jump X Yes
Slow Active Power Recovery X Yes
AC Undervoltage Yes
Inverter Inst. AC Overcurrent X Yes
DC High/Low Voltage Yes
DC Voltage Unbalance X Yes
Ride-Through Misconfigurationv] X Yes
DC Overcurrent Yes
Auxiliary Equipment Maybe
Subsynchronous Oscillation Maybe
AC Current Unbalance Yes
Software Plant-Level Inverter-PPC Interactions X Yes
Fixable Feeder Underfrequency X Yes

85%

E{,«/)m
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#2: Software Updates Address System Risk

Actual Events Post-Event Fixes (Conservative) Post-EventFixes (More Optimistic)

1800 1800 1800
— 1600 —_ 1600 — 1600
= = =
E 1400 E 1400 E 1400
= c c
.g 1200 2 1200 2 1200
S S S
o 1000 < 1000 S 1000
D ] Q
o o oo
o
& 800 cn_é 800 Qé-' 800
‘T 600 T 600 T 600
£ E E
2 2 e

0 0 N e - 0 H e ees BN
Odessa#2 Odessa#1 Panhandle Smaller Odessa#2 Odessa#1 Panhandle Smaller Odessa#2 Odessa#1 Panhandle Smaller
Wind Wind Wind Wind Wind Wind
B Software Fixable m Maintenance EmTBD
m Unknown Not Analyzed ETBD = Unknown Not Analyzed mTBD m Unknown Not Analyzed

* 85% of affected capacity (from past NERC-analyzed events) is fixable with software
* Remaining ~100-200 MW of residual “risk”

> AA’)\ o Does not pose risk of “widespread cascading” on its own

| EVATE o Event analysis was still ongoing, these numbers may be lower 13
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#2: Software Updates Address System Risk

* Software fixes mostly deployed at all applicable existing IBR facilities
o Included in TAC version of NOGRR 245 presently

* Software fixes part of standard package from OEMs for new inverters

EVATE

ENERGY CONSULTING

From Joint Commenters:

IBRs it
Equipment in 2022 -
Manufacturer ER{i;)T“ Odessa Deployed Solutions
Event
TMEIC 32% 65% 4 systemic issues; all now have software, settings, or
(36 facilities) | (8 facilities) firmwars solutions
Solutions largely deployed at the 8 Odessa projects. (6 of 8
have all 4 changes made; remaining 2 have 3 out of 4
changes made to-date and plan to deploy remaining
changes)
For the 28 projects not involved in Odessa events, solutions
are either deployed (11), planned for 2024 (9), or plan is under
development (7), except for 1 generator in construction
Power 22% 29% 1 systemic issue — has a firmware solution
Electronics - . . .
(23 facilities) | (5 facilities) Some non-systemic, project-specific issues and limitations at
the 5 affected facilities
5 facilities involved in Odessa events appear to be working
with ERCOT to maximize capability and document remaining
limitations
Outside Odessa, 16 of 18 projects have fixed the systemic
issue through a firmware upgrade; ERCOT is following up
with remaining 2 facilities
KACO % 6% At the 4 Odessa projects, limited corrective actions
(8 facilities) (4 faciliies) identified; 3 of 4 implemented

Mo data provided on the remaining 4 projects (not involved
in previous disturbances)

KACO no longer in service

From ERCOT:

Risk

I TMEIC Facilities Update

= Corrective actions identified and implemented for systemic issues
» PLL Loss of Synch — Disable (Odessa 2021)
> Volt Phase Jump — Disable or increase threshold to 35°

Dramatically
Minimizedv’

> AC Overvoltage — Increase threshold to 1.4pu; decrease k- factor
» AC Overcurrent — Implement overcurrent mitigation firmware update developed by TMEIC

= All the above

> PlantB-H .

» Plant C/D —
work (did nc

= Only 2 out of :
> Per Plannin
> ERM includ
» ERCOT will

I Power Electronics Facilities Update

Issues identified in Power Electronic facilities were not as systemic as those with TMEIC inverters
Plant K/L has legacy inverters that continue to have ride-through performance issues
» ERCOT continued to work with RE after multiple events with similar ride-through performance issues
» RE has continued to attempt to improve performance for these events; appears to be limitations on the capability of these inverters
» Only facility in ERCOT with this inverter model
» RE has resubmitted models to reflect performance issues
Plant M also has older inverters and RE has adjusted LVRT and protection settings and facility has shown improved
performance during subsequent events
* Only facility in ERCOT with this inverter model
» RE has resubmitted models
Plant Q had small number of inverters trip to AC overcurrent and high inverter temperature during Odessa 2022
» Unable to perform in depth root cause analysis due to inverter logs being overwritten during event
» Replaced SD cards with higher capacity to prevent logs from being overwritten during future events
» No model updates required
Plant S and Plant V had all inverters trip due to Vdc Bus Unbalance during Odessa 2022 event
» Power Electronics developed firmware update to improve DC side regulation and ride-through performance
» Firmware update implemented at both sites
» PE informed ERCOT DC side is not modeled in positive sequence nor EMT model; therefore, no model updates were required by REs



#2: Software Updates Address System Risk

ERCOT and stakeholder event analysis puts us on the downward trajectory

TAC version of NOGRR 245 puts us on the downward trajectory
Technical differences and exemption differences likely have minimal impact

More information needed on “#/size of events”

Annual Event Summary

These types of graphs are a e —___, m
“curve fitting exercise” -
Forecasting these events with ¢
“do nothing” out to 2030+ is not * i =
credible “

r ——— - \\\, I

0
m 2016 2017 2018 2019 2020 2021 2022 2023
Year

I 4
E E VAT E #of Events  --------- Expon. (# of Events)

EEEEEEEEEEEEEEEE
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#2: Software Updates Address System Risk

ERCOT Battery Additions by Month (as of March 31, 2023) ® Ride-through iS an essential r‘elia b|||ty
B Cumulative MW Operational m|A Signed-Finandial Security Posted u1A Signed-No Financial Security B Small Generator .
s service
| | - But are we overburdening the existing
| resources to fix new grid problems?
_ o Battery boom: How many will be grid
| forming (by default)?
o o o What stability (frequency, weak grid,
e PR transient, etc.) benefits are gained?

o Where are the studies and subsequent
actions taken?

4,000 MW
6302 § 6302 || 6302 | 6302 || 6302 | 6302 || 6302 | 6302 § 6302 302 302 ! 6302 || 6302

2,000 MW

* Why remove existing exemptions? To
Mar-24 Apr-24 May-24 Jun-24 Jul-24 Aug-24 Sep24 Oct24 Nov-24 Dec24 Jan-2b Feb-25 Mar-25 Apr25 May-25 Jun-25 Jul-25 Aug-25 gain System_Side benEfitS that help fiX

E}{_g/)vk these issues...

EVATE 16
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#3: Retroactive Date for Preferred Req’s

Dates are relatively arbitrary — arguing for the sake of argument

Retroactive date for new requirements, removal of existing exemptions, uncertainty with
IEEE 2800 (no flexibility in requirements) — all appears to go against standard precedents

Where are the reliability studies (or technical analyses) that justify this is needed?

Physical modifications should not be mandated if the need is not analytically justified
Grid codes are updated for “needs” and not “wants”

SGIA Before June 2023 SGIA June 2023 to June 2024 SGIA After June 2024

e Truly legacy resources with known e Signed interconnection agreement e Signed interconnection agreement
equipment limitations before NOGRR 245 completed; using (intended) after NOGRR 245
e Resource-specific limitations beyond rules applicable at time of signing completed; using rules applicable at
software * 97+% solar PV and BESS time of signing
e Previous exemptions may have been e Highly capable devices, known risks * Vastly solar PV and BESS
given, should be respected mitigated e Can prepare to meet IEEE 2800
e Unknown whether can meet IEEE * Minimizes exemptions

2800; requires exemptions

a’' P
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#4: 20-30 GW of IBRs June 2023 to June 2024

~ * 97+% of these resources are solar PV and

12000 battery energy storage

10000 o Past risks fixed with software updates to newly
installed equipment

. I » Can they meet legacy requirements? Yes.

Capacity [MW]

* Can they meet preferred requirements?
Likely, with one big caveat.

o |IEEE 2800-2022 conformance and OEMs
waiting for IEEE 2800.2 approval and adoption

0 1
Solar PV  Battery Wind Other
Energy
Storage
TV

18
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#4: 20-30 GW of IBRs June 2023 to June 2024

Causes of tripping are unrelated to
Events’-’ leable?

curves, as discussed Momentary Cessation?
Inst. Frequency
Which issues would still be allowed I[?étRAC OVGEVO'tagte X ies
everse Curren es
by Iegacy bUt not by preferred? PLL Loss of Sync/Phase Jump X Yes
None of them... Slow Active Power Recovery? X Yes
AC Undervoltage Yes
No notable relia b|||ty benefit in Inverter  Inst. AC Overcurrent X Yes
. DC High/Low Voltage Yes
mOVIHg the date baCkwa rdS DC Voltage Unbalance X Yes
Increased Comp“ance risk Ride-Through Misconfiguration? X Yes
. DCO t Y
Need for exemptions for IEEE 2800 Auxi.;iry‘::;rjgmemz ,\j:ybe
Subsynchronous Oscillation Maybe
AC Current Unbalance Yes
Inverter-PPC Interactions!? X Yes

Plant-Level
AA’L ant-Leve Feeder Underfrequency X Yes
A

ELEVATE 19
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#5: Commercial Reasonability

Existing NOG Requirements NOGRR 245 Requirements
X o FRT: Relay setting requirement & o FRT: Performance-based requirement
VRT: Mixed relay and performance Equal and/or better curves
requirements & o VRT: Performance requirements
3¢ o Speed of response: nothing Equal and/or better curves
& o Speed of response: both legacy and
preferred

All proposed requirements are a notable increase in performance expectations
Rightfully require flexibility and possible exemption for existing resources with physical limitations
Options:

Allow reportable exemptions with technical basis

Increase expectation by assessing commercial reasonability

o/ Yoy

El EVATE
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#6: Stop Delaying Requirements Updates

“New requirements for new resources”

Preferred requirements, including IEEE 2800 adoption, for new SGIAs
Everyone agrees

Bifurcation of what is agreed upon and what is stuck in limbo

Should have been done in early 2023

Letting perfect be the enemy of good

a’' P
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#7: Defense in Depth / Maximizing Capability

2.6.2.1 FRT for IBR

3)

If protection systems (including, but not limited to protection for over-/under-frequency,
rate-of-change-of-frequency, anti-islanding, and phase angle jump) are installed and
activated to trip the IBR or Type 1 WGR or Type 2 WGR, they shall enable the Resource
to ride through frequency conditions beyond those defined in paragraph (1) above to the
maximum extent equipment allows.

2.6.2.1.1 Temporary FRT for IBR

(1)

E

2P N

EVATE

ENERGY CONSULTING

This Section applies to IBRs and Type 1 and Type 2 WGRs with an SGIA executed prior
to June 1, 2024 that have not implemented modifications to satisfy paragraphs (1)
through (5) of Section 2.6.2.1, Frequency Ride-Through Requirements for Transmission-
Connected Inverter-Based Resources (IBRs) and Type 1 and Type 2 Wind-Powered
Generation Resources (WGRs).

Elevate proposed a “defense in depth” approach as a bridge to IEEE 2800 adoption
Closer review uncovered additional important details

Requirements in TAC version of NOGRR 245 require maximizing to equipment capability

2.9.1.2 Legacy VRT for IBR

3)

If protection systems (including, but not limited to protection for over-/under-voltage,
rate-of-change of frequency, anti-islanding, and phase angle jump) are installed and
activated to trip the IBR or Type 1 WGR or Type 2 WGR, they shall enable the IBR or
Type 1 WGR or Type 2 WGR to ride through voltage conditions beyond those defined in
paragraph (1) above to the maximum extent the equipment allows.

2.9.1.1 Preferred VRT for IBR

3)

If protection systems (including, but not limited to protection for over-/under-voltage,
rate-of-change-of-frequency, anti-islanding, and phase angle jump) are installed and
activated to trip the IBR, they shall enable the IBR to ride through voltage conditions
beyond those defined in paragraph (1) above to the maximum extent equipment allows.

2.11 Commercially Reasonable Effort

“Commercially reasonable efforts” means that the Resource Entity must evaluate its

facilities and available modifications it can make to its equipment, if any, to maximize its

frequency and/or voltage ride-through capability up to the frequency and voltage ride-

through requirements set forth in Section 2.6.2.1, Frequency Ride-Through Requirements 22



Importance of Modeling

Need for Accurate Modeling to Justify Forward-Looking Reliability Risks

E>[,m
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Modeling Improvements Needed

* ERCOT comments from past meetings:
o “Unfortunately, a lot of the models we've received haven't accurately represented the actual characteristics of the units.”

o “Right now, the models that the generators have provided to us don't even show these trips should happen because the
models don't accurately reflect what the protection systems and some and other parameters are set to in the field.”

o “Knowing whether something is an acceptable reliability risk or not is going to require us doing simulations.”
o “[Without accurate resource models], we're not going to be able to evaluate how much reliability risk we really have."

Interconnection Dynamic Interconnection o Real-Time
! : : Commissioning :
Requirements Modeling Studies Operations
Requirements are not detailed or Studies did not pick up the Identified abnormal
comprehensive enough to ﬁ unexpected or abnormal ﬁ performance issues (and
adequately assess ride-through performance issues mitigated them)
performance for ERCOT or ERCOT unsure whether the Plants were commissioned
interconnection customers dynamic models include some of ' with latent performance '
the protection and controls that issues not previously studied

> m cause the abnormal performance

EVATE 24
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Modeling vs. Eliminate Issue

Odessa | Software
Location Identified Issue Modeling “Fix”
-_ Events? leable?

[l Momentary Cessation Eliminate issue otherwise model correctly
Inst. Frequency Yes Eliminate issue; only model if cannot eliminate
Inst. AC Overvoltage X Yes Ensure max capability, model correctly
DC Reverse Current Yes Eliminate issue
PLL Loss of Sync/Phase Jump X Yes Eliminate issue; only model if cannot eliminate
Slow Active Power Recovery X Yes Eliminate issue, model correctly
AC Undervoltage Yes Eliminate issue
Inverter Inst. AC Overcurrent X Yes Eliminate issue
DC High/Low Voltage Yes Eliminate issue
DC Voltage Unbalance X Yes Eliminate issue
Ride-Through Misconfiguration X Yes Eliminate issue
DC Overcurrent Yes Eliminate issue
Auxiliary Equipment Maybe Model correctly (if possible)
Subsynchronous Oscillation Maybe Eliminate issue, model correctly (if possible)
AC Current Unbalance Yes Eliminate issue
PIant-LeveI Inverter-PPC Interactions X Yes Eliminate issue
AA/X Feeder Underfrequency X Yes Eliminate issue
™

ELEVATE 25
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High-Level Process

ERCOT has interconnection requirements (including modeling requirements)

Interconnection customer submits models to ERCOT
Models must pass ERCOT model quality requirements and checks
Largely at the mercy of black box models from OEMs (for protection and controls)
Interconnection customer and ERCOT assess proposed facility performance using
models provided

Interconnection customer given green light for interconnection; signs GIA
Facility constructed, commissioned, and interconnected

a’' P
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Modeling Priorities

Model fidelity gaps (e.g., missing protections) = improve requirements
Model inaccuracy is not the same issue; blatant model errors are not okay, and should be fixed

Priorities
Fix software issues (performance) (eliminate need to model)
DC bus protections, AC overcurrent, phase jump/PLL loss of sync, inst. frequency protection, etc.
PPC/inverter interactions, slow dynamic recovery, etc. (re-tuning)
Ensure models match equipment, where they can
Momentary cessation, AC over/undervoltage, etc.
Assess whether more extensive model updates are required

Use engineering judgment and collaboration to continue to address hardware-related issues
Pitch controller limitations, UPS failures, SSO protection issues

a’' P
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