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The first half of this meeting call is being recorded and may be posted on
DOE's website or used internally. If you do not wish to have your voice
recorded, please do not speak during the call. If you do not wish to have
your image recorded, please turn off your camera or participate by
phone. If you speak during the call or use a video connection, you are
presumed consent to recording and use of your voice or image.




Polling Question 1

What industry sector are you
representing?

|Go to slido.com and enter event code FIRST6, then
go to Polls tab]
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Key Goals and Outcomes from i2X FIRST

*  To facilitate understanding and adoption of new and recently
updated standards relevant for existing and newly
interconnecting wind, solar and battery storage plants

*  The Forum will convene the industry stakeholders to enable
practical and more harmonized implementation of these
interconnection standards.

*  The presentation portion of the meeting will be recorded and
posted, and presentation slides will be shared.

*  Additionally, the leadership team will produce a summary of each _ ¢ |
meeting capturing: a‘ .
— Recommended best practices
—  Challenges

—  @Gaps that require future work
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Leadership Team

%
§

Cynthia Bothwell, Robert Reedy, Lindahl Will Gorman, Lawrence Jens Boemer, Electric

Boston Government Reed, contractor to Berkley National Power Research
Services, contractor to DOE’s Solar Energy Laboratory Institute
DOE’s Wind Energy Technologies Office

Technologies Office

Julia Matevosyan,
Energy Systems
Integration Group

Ryan Quint, Elevate
Energy Consulting
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Summary of the last meeting — Measurement Data for
Performance Monitoring and Model Validation

* |2x FIRST Intro — Will Gorman, LBNL
* NERC Technical Conference Update — Kyle Thomas, Elevate Energy Consulting
* Need for Disturbance Monitoring — Alex Shattuck, NERC

* |EEE 2800-2022 Clause 11 Measurement data for performance monitoring and validation
and NERC PRC-028 Reporting Requirements for Inverter-Based Resources — Manish Patel,
EPRI

* Q&A and Structured Discussion — led by Ryan Quint, Elevate Energy Consulting

Measurement and Monitoring Requirements
Differences between PRC-028 and IEEE 2800-2022, Clause 11

Meeting summary, recording & presentations are posted here (click on Past Events at
the bottom of the page)
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https://www.energy.gov/eere/i2x/i2x-forum-implementation-reliability-standards-transmission-first

Key Themes from the Last Meeting

e Strong industry engagement, at the NERC IBR Ride-Through Technical Conference led to effective discussions
and changes to the regulatory requirements to align with industry needs.

e The updated version of NERC PRC-029 following the conference included aligning the frequency ride-through-
curves with IEEE 2800-2022 and allowing for exemptions based on technically justified hardware limitations.

e NERC, transmission providers, and asset owners have leveraged high-speed data at the plant-level and inverter-
level, to improve the reliability of IBRs. Availability of higher resolution data provides deeper insights for better
forensic analysis and mitigation of IBR performance issues.

e There are significant differences between the requirements set forth in IEEE 2800-2022 and NERC PRC-028. This
is mostly due to applicability of NERC PRC-028 to new and existing IBRs, and likely inability of the latter to meet
more stringent IBR monitoring requirements, particularly for unit-level monitoring.

e Existing assets will be required to meet the new NERC PRC-028, where applicable, and reasonable
implementation times (and extensions) were included by the drafting team.

e New assets should seek to meet IEEE 2800-2022 requirements (particularly where those requirements are
mandatory). This approach will also help new assets comply with the technical requirements of NERC PRC-028
since IEEE 2800-2022 monitoring requirements are notably more stringent.
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Upcoming i2X FIRST Meetings

A A

6

7. November 26, 2024, 11 a.m.- 1 p.m. ET: IEEE 2800 Active-Power—Frequency Response Requirements
8. December 17th, 2024, 11 a.m.- 1 p.m. ET:

9. January 28t 2025,11 a.m.-1 p.m. ET:

10. February 25t 2025

11. March 20th, 2025 hybrid full day event during ESIG Spring Workshop, Austin, Texas

Sign up for all future i2X FIRST Meetings here: https://www.zoomgov.com/meeting/register/vlltceuorTsiErIC-
HInpPbWuTUtrYQAuoM#/registration

Follow DOE i2X FIRST website: https://www.energy.gov/eere/i2x/i2x-forum-implementation-reliability-standards-

transmission-first for meeting materials & recordings and for future meeting details & agen S eI -
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https://www.esig.energy/event/2024-fall-technical-workshop/
https://www.esig.energy/event/2025-spring-technical-workshop/
https://www.zoomgov.com/meeting/register/vJItceuorTsiErIC-HInpPbWuTUtrYQAuoM#/registration
https://www.zoomgov.com/meeting/register/vJItceuorTsiErIC-HInpPbWuTUtrYQAuoM#/registration
https://www.energy.gov/eere/i2x/i2x-forum-implementation-reliability-standards-transmission-first
https://www.energy.gov/eere/i2x/i2x-forum-implementation-reliability-standards-transmission-first

8:00a.m.—-9:45 a.m.

Session 1: Opening Remarks and Background Information
Session Chair: Ryan Quint, Elevate Energy Consulting

Introduction to DOE i2x FIRST and the Workshop
Julia Matevosyan, ESIG

Need for IBR Plant Conformity Assessment
Ryan Quint, Elevate Energy Consulting

IEEE 2800.2 Progress Update
Andy Hoke, NREL

Importance of IBR Modeling and Design Evaluation
Alex Shattuck, NERC
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10:15a.m.—12:00 p.m.
Session 2: IBR Plant Modelling and IEEE P2800.2 Design Evaluation
Session Chair: Andy Hoke, NREL

Review of Design Evaluation Requirements and Recommended Best Practices in IEEE 2800-2022
and |IEEE P2800.2
Alex Shattuck, NERC

OEM Perspective: IBR Plant Design Evaluation through Testing and Modeling
Miguel Cova Acosta, Vestas

Present-Day Design Evaluations Analysis and Challenges
Billy Yancey, EPE

INTERCONNECTION
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1:15 p.m.—=3:00 p.m.
Session 3: IEEE 2800.2 Design Evaluation, Model Validation and Benchmarking Deep Dive
Session Chair: Julia Matevosyan, ESIG

|EEE P2800.2: The Trouble with Model Validation!
Andrew lIsaacs, Electranix

OEM Perspective: IBR Unit Model Validation
Miguel Cova Acosta, Vestas

IEEE P2800.2 Design Evaluation Tests — A Deep Dive
Andrew lIsaacs, Electranix

INTERCONNECTION
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Session 4: “As-Built” Evaluation and Commissioning Testing
Session Chair: Billy Yancey, EPE

Review of “As-Built” Evaluation and Commissioning Testing Requirements and Recommended
Best Practices in IEEE 2800-2022 and IEEE P2800.2
Chris Milan, CrestCura

Examples and Challenges of “As-Built” Evaluation and Commissioning Testing
Chris Milan, CrestCura

INTERCONNECTION
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Virtual Meetings Code of Conduct

1. Assume good faith and respect differences
2. Listen actively and respectfully
3. Use "Yes and" to build on others' ideas
4. Please self-edit and encourage others to speak up
5. Seek to learn from others
Mutual Respect . Collaboration . Openness
INTERCONNECTION
energy.gov/i2x SO viovamon xchance EE




Stakeholder Presentations
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Importance of IBR Modeling
and Design Evaluation

Aung Thant, Senior Engineer
i2X FIRST Hybrid Workshop: Interconnection Standards
October 24, 2024
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NERC

NERC IBR Strategy

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Interconnection
Risk Analysis Process
Improvements

Best Practices
and Education

Regulatory
Enhancements

Event Analysis

Disturbance
Reports

Lessons Learned

NERC IBR Strategy

Improvements to
GlAs and GIP

Enhanced
Interconnection
Requirements

Modeling and
Study
Improvements

|EEE 2800-2022

Reliability NERC Standards

Guidelines

Webinars and
Workshops

Outreach and
Engagement

Emerging
Reliability Risk
Issues

Projects

BES Definition
Review

Inverter-Specific
Requirements
and Standards

Risk-Based
Compliance
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https://www.nerc.com/comm/Documents/NERC_IBR_Strategy.pdf

NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION
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Source: LBL.GOV
Generation, Storage, and Hybrid Capacity in Interconnection Queues

Existing capacity

Gigawatts

#1 Blue Cut Fire 1,753 2016
#2 Canyon 2 Fire 1,619 2017
#3 Angeles Forest & Palmdale Roost 1,588 2018
#4 San Fernando 1,205 2020
#5 Odessa, 2021 1,112 2021
#6 Victorville; Tumbleweed; Windhub; Lytle Creek Fire 2,464 2021
#7 Panhandle Wind 1,222 2022
#8 Odessa, 2022 1,711 2022
#9 Southwest Utah 921 2022
#10 California Battery Energo Storage 906 2023
14,501
3

1400

1,254

Solar

972 Wind

MNuclear

Nuclear

Gas

Gas

2010 existing GW 2022 existing GW

Motivation

In queues
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NERC

Major Event Observations Provide a Snapshot

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e 15,000 MW of unexpected reduction in IBR
resources since 2016 Do the models recreate the cause of reduction?

= Approximately 10,000 MW of unexpected reduction ablc 3.4: Review of Solar PV Faciit
1 Facilif uction 4 e EMT Model
since 2020 Ay | Mol Cause of Reductin et L
u Ana IySiS revealed System ic mOdeI inaccu raCieS I Plant B 133 Inverter phase jump (passive anti-islanding) tripping. | Unknown* Unknown
Plant C 56 Inverter phase jump (passive anti-islanding) tripping. | Unknown Unknown

O NO mOdeIS Of affeCted faCiIitieS accurately represented Plant E 159 Inverter ac overvoltage tripping. Unknown* Unknown
th e pe rfo rm a n Ce d u ri n g th e eve nt Plant U 136 Inverter ac overvoltage tripping; feeder Unknown Unknown

underfrequency tripping.

o System models did not “predict” major events PlantF | 45 Unknown, Unknown Unknown
Plant | 196 Inverter phase jump (passive anti-islanding) tripping. | Unknown Unknown
] PO O r m Od e I re p re Se nta t I O n I S a Sy m pto m Of Plant J 106 Inverter dc voltage imbalance tripping. Unknown Unknown

Plants

poor design evaluation

Plant M 146

130 Momentary cessation/inverter power supply failure. | Unknown Unknown

Inverter dc voltage imbalance tripping; incorrect
inverter ride through configuration.

e Obtaining IBR plant data is often difficult and S P pre—

Unknown Unknown

. . Plant O 15 Unknown. Unknown Unknown
t I m e C O n S u m I n g Plant P 10 Inverter ac overcurrent tripping. Unknown* Unknown
* The lack of readily available IBR facilty data, even e L

fU nda mental info rmation, iS a|50 a Sym ptom Of poor I Plant S 94 ‘ Inverter dc voltage imbalance tripping. Unknown* Unknown
design evaluation practices sl R 1 e Unknown® | Unknown

4 RELIABILITY | RESILIENCE | SECURITY



NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Industry Observations Align

BoP Data Voltage Deadband (pu)

O O

= Match = Wrong Parameters

Frequency Deadband (Hz)

e 15,000 MW of unexpected reduction in IBR resources since 2016

= Approximately 10,000 MW of unexpected reduction since 2020
= Analysis of the models of affected facilities revealed systemic model
inaccuracies

e Real world case study from a Major Manufacturer also showed

= Match = Wrong Parameters = Match Wrong P

Protection Settings Voltage Slope Frequency Slope

. . . Notes:
systemic model inaccuracies HVRT

Plant curtailed

P Response unstable and
numerical not working in PSSE

V_Slack * Q response not matching site

OFM Moce response and recovery state

= Match = Wrong Parameters

= Match = Wrong Parameters = Match = Wrong Parameters

Notes:
* Frequency step-up 0.005pu
* Plant curtailed to 140MW

o

—— )
OEM Model

Standard Lib

+ Site is configured to curtail to
oMW

F_Slack ‘
OEM Model

Standard Lib

Q_PQI
OEM Model

Standard Lib

P_POI
OEM Model

Source: Thomas Grau — Director, Vestas — February 2024 IRPS Meeting

Standard Lib

RELIABILITY | RESILIENCE | SECURITY


https://www.nerc.com/comm/RSTC/IRPS/IRPS_Meeting_Presentations-2024-02-15.pdf

NERC

NERC Alert Results Align

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

e Both IBR-related alerts required data
submission deadline extensions due to a lack
of submittals

= Submittals were lower than 10% for both alerts at the
original deadline (submittals for the modeling alert
are still at a historic low with the updated deadline
on November 1, 2024)

= Requested data aligns with data utilized or
determined through design evaluation

o Protection settings
o Control modes

o Plant performance
o Plant capabilities

e |f sufficient design evaluation was performed,
the requested data should be readily available

6 RELIABILITY | RESILIENCE | SECURITY



NERC Guidance Aligns With Design Evaluation

Pillars

NERC Guidance | EDesign Evaluation

Level _2 & 3 Alerts — IBR B IBR Unit Model
Modeling & Performance A y Validation

IBR Plant Model

YA
NERC Dynamic Model B ' Development

EMTTF Modeling
5 Guidelines

Recommendations

IRPS Commissioning A k IBR Plant Design

Best Practices Evaluation

7 RELIABILITY | RESILIENCE | SECURITY



NERC Guidance Supports SG3 Design Evaluation Pillars

Level 2 & 3 Alerts — DeSIQn Evaluation IRPS
IBR Modeling & | : Commissioning
Performance ' IBR Unit Model Best Practices

Validation

IBR Plant Model
Development

NERC Dynamic B EVTTF Modeling

Model g IBR Plant Design

Recommendations Evaluation Guidelines

8 RELIABILITY | RESILIENCE | SECURITY



NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Key Next Steps

e Report on Level 2 NERC Alert on IBR Modeling

= Data submission deadline is November 1, 2024 after a ~2-month extension
= Presents dynamic modeling recommendations
= Data requests for NERC to analyze and present the extent of condition of modeling

e Level 3 NERC Alert on IBR Performance and Modeling
= Target publish date is end of 2024
= Will present recommendations on IBR performance and modeling
= Will contain Essential Actions intended to help mitigate known deficiencies

e Part Il of the EMTTF EMT Modeling Reliability Guideline

e NERC next steps align with the need for detailed design evaluation and the
improvement of best practices

9 RELIABILITY | RESILIENCE | SECURITY



NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Feel free to reach out to us if interested in
participating in the NERC IRPS or EMTTF!
alex.shattuck@nerc.net

10 RELIABILITY | RESILIENCE | SECURITY



| 4 IEEE

Energy Society®

Review of Desig
Requirements and Re:
Best Practices in IEE

Alex Shattuck, Andrew Isaacs
Ip 3 (Design Evaluation) Co-Leaders
emer, IEEE P2800.2 WG Vice-Chair

i2X FIRST Hybrid Worﬁéﬁd'b: ll‘hteri:é-hwn’éction Standards | orkshop with the Focus on Conformity Assessment
ESIG 2024 Fall Technical Workshop
Thursday, October 24, 2024

Providence, RI




< IEEE

@;ES
General Disclaimer \ L

The views presented in this presentation are the personal views of the individuals
presenting it and shall not be considered the official position of the IEEE Standards
Association or any of its committees and shall not be considered to be, nor be relied upon
as, a formal position of IEEE, in accordance with IEEE Standards Association Standards
Board Bylaws 5.2.1.6.

Use of an IEEE standard is wholly voluntary




Overview of conformity assessment steps in IEEE P2800.2, @;ES
Recommended Practice for Test and Verification Procedures for IBRs
Interconnecting with Bulk Power Systems

< IEEE

Power & Energy Society®

Commissionin

|
I Test
IBR Plant I -8 Post-commissioning Monitoring
Model I
- IBR Plant Partial field
Type Tests . Development . ' . itori
IBR Unit Design : As-built assessment of Monltor;nﬁ:; era.\gtepz;ic;rmance
VS . T uri id ev
Lab or field VI\I/'I:_dte..-I Based on 2 L | W fp|ant
tests of validation validated IBR . . l Evaluation perrormance
. ) Simulations I
individual unit model(s) o
) Based on e to assess (I \/erification of
IBR unit for and verified :
type test plant Ol installed plant
model IBR plant : I Post-C .
validation data model / conformity to I ost-Commissioning
Model Validation
balance of IEEE 2800 I - Periodic Tests and
DIET: : Based on commissioning R
: test data
\ ) |
Y |
Design Evaluation I Plant o ,
: construction This is a general diagram of the process.
More information at https://sagroups.ieee.orq/2800-2/ and expression . complete Details are under development in IEEE P2800.2.

of interest to participate here. o .
Some variations permltted.

Source: Andy Hoke (NREL), Jens Boemer (EPRI)


https://sagroups.ieee.org/2800-2/
https://development.standards.ieee.org/myproject-web/public/view.html#/interest/8899

Recap: Industry Terms for Safety,

Quality, and Efficiency

References:

Compatibility

e Design equipment
to support
conformity or
compliance of a
complex system
(e.g., IBR plant)

» Equipment level

NG

J

https://www.inboundlogistics.com/articles/conformance-vs-compliance

e Adherence to
certain voluntary
industry standards
or procedures
(e.g., IEEE 2800.2)

> Plant level

- /

" The term “conformance” is
depreciated and should not be used
any longer.

https://www.linkedin.com/pulse/conformity-vs-conformance-compliance-carlos-cisneros-cqa/

https://www.standardsuniversity.org/e-magazine/september-2017/introduction-conformity-assessment-compliance/

(ES

Power & Energy Society®

< IEEE

Compliance

e Meeting
mandatory legal
and regulatory
obligations
(e.g., NERC
Reliability
Standards)

https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8082574

Source: EPRI, 2024



https://www.inboundlogistics.com/articles/conformance-vs-compliance
https://www.linkedin.com/pulse/conformity-vs-conformance-compliance-carlos-cisneros-cqa/
https://www.standardsuniversity.org/e-magazine/september-2017/introduction-conformity-assessment-compliance/
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8082574
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Overview IEEE P2800.2 D2.0

> 1. Overview

2. Normative references
> 3. Definitions, acronyms, and abbreviations

IBR Plant IBR Plant

Type Tes CROLT FEHE Design > 4. General Content (SG1)
Lab or field Model Development Evaluation > 5. Type tests (SG2)

e Gl Validation v 6. Validation procedures for IBR unit models and supplemental IBR device models
individual E:ased on Simulations 6.1 General and purpose
1BR unit for f“ei o "a'_'tdate: 'I?F; 0 Sseess 6.2 IEEE 2800 Requirements

ype tes unit model(s plan

tnfod? data and balance of conformity to v 83 Procedyres.

verification plant |EEE 2800 > 6.3.1 Validation procedure

6.3.2 Engineer review procedure
> 6.3.3 Qualitative criteria
v 7. Design evaluations (SG3)

N v 7.1 Introduction
Y 7.1.1 Overview and Purpose Annex A (informative) Bibliography
ign P c . > Annex B (informative) Summary of [capability and] performance tests across conformity framework
Design Evaluation 7.1.2 Location in interconnection process and conformity assessment (. X ) Y [. 2 y Ip - Y
Annex C (informative) Concepts of field testing and model validation
More information at Wt/ fagrouprs ieve.omg/2000-2f and expression 7.1.3 Scope and procedure types > Annex D (informative) Frequency Scanning
of interest to participate here. v 7.2 Development and verification procedures for IBR plant model used in design evaluation—Step b) ~ Annex E (informative) Considerations for IBR unit or Supplemental IBR device model validation assessment
7.2.1 Purpose E.1 Voltage ride-through tests
: 7.2.2 Data requirements E.2 Step-change in phase angle tests
| Commissioning 7.2.3 Procedures to assess model quality of an IBR unit model or supplemental IBR device model v An;:)ir::trngjocrt?;itwe) rsmeworiqforiquantitative[modelivalidation
1 et Post-commissioning Monitoring > 7.2.4 Procedures to develop a verified IBR plant model ) el o ) oS
! Partial field 7.2.5 [Procedures to assess model quality of an IBR plant model] v F.3 Quantitative criteria — time windows of interest and permissible errors
: As-built assessment of Monitoring of plant performance v 7.3 Procedures for IBR plant capability and performance assessment—Step c) F.3.1 Time windows of interest
[l Installation plant Al e 7.3.1 Purpose :i zlermussub;e maxllr)nur: error
'l Evaluation performance > 7.3.2 Verifications based on review of IBR plant design documentation o330 TOHING[CHONORfoaNCS )
I . . v Annex G (normative) Concepts of Model Quality Assessment for Inverter Based Resources

1 > 7.3.3 Verifications based on review of documentation from OEMs 61 Introduction
: i @ > 7.3.4 Verifications based on review of protocol documentation between GO and TO + 6.2 Equipment model
| [ 2ol Post-Commissionin > 7.3.5 Verifications based on EMT model and PDT model tests and simulations G.2.1 Procedure and criteria
1 Model Validation > 7.3.6 Verifications based on additional EMT model tests and simulations G.2.2 Reporting
1 w > 7.3.7 Verifications based on additional PDT tests and simulations v G.:;P;n;modzl S ertor

L erifications e . . . . .3.1 Procedure and criteria
: Based on commissioning Lerications > 7.3.8 Verifications based on harmonic modeling and simulation > 6.3.2 Reporting
| test data 8. As-built installation evaluations 6.4 Comments
| > 9. Commissioning tests (SG4) > Annex H (informative) Power Quality Task Force Content (placeholder)
1 > 10. Post commission model validation (SG5) > Annex | (informative) Guideline on measurement equipment selection and calibration for laboratory/field
| pPlant > 11. Post commissioning monitorin > Annex J (normative) BESS Augmentation
| construction This is a generof dingram of the process. L 9 9
| Detoils are under development in EEE P2800.2. 12. Periodic tests
, complete Some variations permitied. 13. Periodic verification Source: EPRI, 2024

» |IBR Design Evaluation Should Use a Verified Plant Model with Validated Equipment Models




@;ES < IEEE
Overview Clause 6 and Clause 7 e

Clause 6
Validation procedures for IBR unit
an IBRunit model and a model

supplemental IBR device
model—Step a)

Validated
IBR unit
model

Verified

IBR plant
modelt

Validate IBR
unit model

IBR unit model Develop verified
quality test IBR plant model*

: ! ! . Re-run Step b)—Step d)
Best .
= select Modify IBR plant |

design and model

available IBR model for
plant model

IBR plant model Does IBR
Note: If this path is chosen, then DE may need to be plant

repeated when verified plant model is available, before i quallt\' test M dESIg‘;"
or during plant construction or in conjunction with as- i meet 28007°

! built evaluation and before commissioning tests IBR p lant

Subclause 7.2 capability and Yes

. Subclause 7.3
Development and verification procedures for IBR plant . performance

verification tests Procedures for IBR plant capability
model used in design evaluation—Step b) and performance assessment—Step c)

» |IBR Design Evaluation Should Use a Verified Plant Model with Validated Equipment Models




7.1.3 Scope and procedure types

Requirement

applies

RPA where requirement

Design evaluation

Procedure type

(ams | GIEEE

PoWef & Energy Society®

IBR Plant
Representation Detail and Data?

Clause 4 General interconnection technical specifications and performance requirements

4.2 Reference points of applicability (RPA) POM (default)
4.4 Measurement accuracy POC and POM
4.5 Operational measurement and communication

i POM
capability
4.6 Control capability requirements POM
4.6.1 Execution of mode or parameter changes POM
4.6.2 Ramping for control parameter change POM
4.7 Prioritization of IBR responses POM
4.8 Isolation device POM
4.9 Inadvertent energization of the TS POM and POC
4.10 Enter service POM
4.11 Interconnection integrity POM
4.12 Integration with TS grounding POM

1 Refer to footnote 38 for examples of OEM documentation and to footnote 39 for examples of IBR plant design documentation.

R

R

R

R

IBR plant design documentation

OEM documentation
OEM documentation
OEM Documentation
OEM Documentation
OEM Documentation

IBR plant design documentation

IBR plant design documentation

Protocol Documentation between
GOand TO
Protocol Documentation between
GO and TO
OEM documentation

IBR plant design documentation

Disaggregated single line diagram

IBR unit(s) and supplemental IBR
device(s)

IBR unit(s) and supplemental IBR
device(s)

IBR unit(s) and supplemental IBR
device(s)

IBR unit(s) and supplemental IBR
device(s)

IBR unit(s) and supplemental IBR
device(s)

IBR unit(s) and supplemental IBR
device(s)

Disaggregated single line diagram

[TBD]

IBR unit(s) and supplemental IBR
device(s)

IBR unit(s) and supplemental IBR
device(s)

Aggregated single line diagram

[2I'In this version of the document, representing the IBR plant with a non-aggregated model may be limited to steady-state power flow and short-circuit, and [fundamental-frequency stability dynamic modeling] domains. The
development and use of a non-aggregated /IBR plant model in electromagnetic transient (EMT) modeling domain may be computational burdensome and time-consuming with limited benefits—a good compromise may be to use a
partially aggregated EMT model in special cases and where justified. For more information about differentiating between applicability of simulation domains and inverter mathematical models in these domains refer to [B23].


applewebdata://269102A6-A03A-4A97-96AB-5AC7F3D4A26E/#_ftnref1
applewebdata://269102A6-A03A-4A97-96AB-5AC7F3D4A26E/#_ftnref2

(eres | SIEEE
7.1.3 Scope and procedure types ——

Procedure type IBR Plant
Design evaluation Representation Detail and Data 2

RPA where requirement

Requirement .
applies

Clause 5 Reactive power—voltage control requirements within the continuous operation region

IBR plant design documentation, OEM Aggregated model or Disaggregated model

5.1 Reactive power capability R documentation and steady-state power flow subject to [7.2.4.1]
or [positive-sequence ] modeling
R for capability OEM documentation IBR unit(s) and supplemental IBR device(s)
52 Voltage and reactive power control modes R for performance of Positive-sequence modeling or EMT Aggregated model
5.2.2 modeling

Clause 6 Active-power—frequency response requirements

. Positive-sequence and EMT modeling Aggregated model
6.1 Primary frequency response (PFR) POC and POM

Positive-sequence and EMT modeling Aggregated model
6.2 Fast frequency response (FFR)* POC and POM R

1 Refer to footnote 38 for examples of OEM documentation and to footnote 39 for examples of IBR plant design documentation.

[2I'In this version of the document, representing the IBR plant with a non-aggregated model may be limited to steady-state power flow and short-circuit, and [fundamental-frequency stability dynamic modeling] domains. The
development and use of a non-aggregated /IBR plant model in electromagnetic transient (EMT) modeling domain may be computational burdensome and time-consuming with limited benefits—a good compromise may be to use a
partially aggregated EMT model in special cases and where justified. For more information about differentiating between applicability of simulation domains and inverter mathematical models in these domains refer to [B23].
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(eres | SIEEE
7.1.3 Scope and procedure types ——

Procedure type IBR Plant
Design evaluation Representation Detail and Data ?

RPA where requirement

Requirement .
applies

Clause 7 Response to TS abnormal conditions

OEM documentation on capability . .
IBR unit(s) and supplemental IBR device(s)

. . . POC R EMT Modeling

7.2.2 Voltage disturbance ride-through requirements
Positive-sequence and Aggregated model
POM R EMT modeling
. . . IBR plant design documentation and OEM As appropriate
7.2.3 Transient overvoltage ride-through requirements POM R vy -
. . . Positive-sequence and EMT modeling [Aggregated model ]
7.3.2 Frequency disturbance ride-through requirements POM R
7.4 Return to service after IBR plant trip POM Refer to line entries for 4.10
Clause 8 Power quality

. [TBD] [TBD]

8.1.2 Rapid voltage changes (RVC) POM R
. [TBD] [TBD]

.3 Flicker POM NR

[TBD] [TBD]
8.2.1 Harmonic current distortion POM R

. . . [EMT modeling or Frequency Domain] [TBD]
8.2.2 Harmonic voltage distortion POM D
Lo s [TBD] [TBD]
8.3.1 Limitation of cumulative instantaneous overvoltage POM R
8.3.2 Limitation of overvoltage over one fundamental frequency G 5 [TBD] [TBD]
period

1 Refer to footnote 38 for examples of OEM documentation and to footnote 39 for examples of IBR plant design documentation.

[2I'In this version of the document, representing the IBR plant with a non-aggregated model may be limited to steady-state power flow and short-circuit, and [fundamental-frequency stability dynamic modeling] domains. The
development and use of a non-aggregated /IBR plant model in electromagnetic transient (EMT) modeling domain may be computational burdensome and time-consuming with limited benefits—a good compromise may be to use a
partially aggregated EMT model in special cases and where justified. For more information about differentiating between applicability of simulation domains and inverter mathematical models in these domains refer to [B23].
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(eres | SIEEE
7.1.3 Scope and procedure types ——

Procedure type IBR Plant
Design evaluation Representation Detail and Data ?

RPA where requirement
applies

Requirement

Clause 9 Protection

9.1 Frequency protection POC and POM

9.2 Rate of change of frequency (ROCOF) protection POC and POM R IBR unit(s) and supplemental IBR device(s),

collector system, main IBR transformer, any

9.3 Voltage protection POC and POM R Applicable IE.ZR plant design documen.tation other IBR plant equipment
on [...], Applicable OEM documentation on

[...], and validated IBR unit and supplemental

9.4 AC overcurrent protection POC and POM R IBR device models

. . . . . IBR unit(s) and supplemental IBR device(s)
9.5 Unintentional islanding protection POC and POM D

main IBR transformer, intertie line

9.6 Interconnection system protection POM R
Clause 10 Modeling Data
OEM documentation IBR unit(s) and supplemental IBR device(s),
10 Modeling data POC and POM R collector system, main IBR transformer, any

other IBR plant equipment

1 Refer to footnote 38 for examples of OEM documentation and to footnote 39 for examples of IBR plant design documentation.

[2I'In this version of the document, representing the IBR plant with a non-aggregated model may be limited to steady-state power flow and short-circuit, and [fundamental-frequency stability dynamic modeling] domains. The
development and use of a non-aggregated /IBR plant model in electromagnetic transient (EMT) modeling domain may be computational burdensome and time-consuming with limited benefits—a good compromise may be to use a
partially aggregated EMT model in special cases and where justified. For more information about differentiating between applicability of simulation domains and inverter mathematical models in these domains refer to [B23].
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7.2.4 Procedures to develop a verified Im
plant model

Non-aggregated model Aggregated model

Simulation Domain / Model Detail .
Partially aggregated model Fully aggregated model

In cases where aggregation provides
limited benefit (for example battery
steady-state power flow model Yes? n/a Yes systems with no substantial collector
grid, or for very small plants),
aggregated models may be used.

steady-state short-circuit model Yes n/a Yes

A non-aggregated stability model may
inform proper coordination between
IBR Unit protection, voltage
protection, and voltage ride-through
Maybe? capability specified at the point of

Fundamental-frequency phasor-domain
measure..

(PDT) model (user-defined model BLYEVLEN
and/or generic model)

(maximize non-aggregation based e

on model limitations) In cases where aggregation provides
limited benefit (for example battery
systems with no substantial collector
grid, or for very small plants),
aggregated models may be used.
Computing a non-aggregated EMT
model may be overly burdensome
and not add sufficient value in most
cases.

electromagnetic transient (EMT) models  J\[eE Maybe? Yes

a Refer to subclause 7.2.4.1 for guidance on potential benefits and costs of aggregated and disaggregated IBR plant models.

1 Refer to footnote 38 for examples of OEM documentation and to footnote 39 for examples of IBR plant design documentation.

[2I'In this version of the document, representing the IBR plant with a non-aggregated model may be limited to steady-state power flow and short-circuit, and [fundamental-frequency stability dynamic modeling] domains. The
development and use of a non-aggregated /IBR plant model in electromagnetic transient (EMT) modeling domain may be computational burdensome and time-consuming with limited benefits—a good compromise may be to use a
partially aggregated EMT model in special cases and where justified. For more information about differentiating between applicability of simulation domains and inverter mathematical models in these domains refer to [B23].
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Where is EMT modeling used in IEEE P2800.2N

Design Evaluation

(These clauses are a work in progress)
A

IBR Unit
Model
Validation

Based on
type test
data

* Unit-level EMT model should
be validated against type tests

e Lists variables to be included
in validation (P, Pref, Q, Qref,
V1,V2, 11, 12, f)

* Defines hybrid
quantitative/qualitative
validation process
* Quantitative pass/fail criteria
under discussion

IBR Plant
Model

Development

Based on
validated IBR
unit model(s)

and balance of
plant

e Table of model
quality tests

* Applies to both PD
and EMT models

» Discussion of non-
aggregated vs
aggregated EMT
models

4 IEEE

(aFes

Power & Energy Society®

* May include comparison of event
response to EMT model response

IBR Plant

Design
Evaluation

Simulations
to assess
plant
conformity to \_

Post-commissioning Monitoring

Monitoring of plant performance
during grid events

IEEE 2800

» Table defining verification
method for each requirement
of 2800

» Preference for simple test
system

* Tables of simulation tests for
ride-through, Pref step, PFR,
FFR, phase jump, SCR
change

* Contents under debate

Post-Commissioning
Model Validation

Based on commissioning
test data

» Plant model params verified
to match those used in
Design Evaluation

* Plant model validated
against commissioning
test data



Simulation-based IEEE 2800 Conformity @ES | ©IEEE
Assessment—Voltage Control
- — Conform IEEE 2800 — 5.2.2 Voltage control
1.005 1 — Tonzcon®™ |+ When in this mode, the IBR plant shall operate in
S X Ooo_f closed-loop automatic voltage control mode to
3;.' ] regulate the steady-state voltage at the RPA to the
> 0.995 - reactt_‘O” - reference value, as adjusted by the droop function,
] < zoo'r;i to within 1% of the RPA voltage set point unless to
R O O O O O O O O O OO0 O O O O O O O do so requires reactive power exceeding the
> >0 > 6'9|-ime(s;'5 "0 " ®  reactive power capability of the IBR plant.
= |EEE 2800 requires the reaction time to be less than — The dynamic reactive power response of the
200 ms, with a maximum response time between 1 s and IBR plant to a step change in the RPA voltage

30 s, and a damping ratio of 0.3 or higher for the response
to a voltage reference step (Table 5 —Performance target
range).

within the continuous operation region and
within IBR plant’s reactive power capability

shall be as specified in Table 5.
= “Stable and damped response shall take precedence over P

response time” (Clause 5.2.2 Voltage control). - The response shall be stable and any
= Factors contributing to slow reaction time: oscillations shall be positively damped with a
_ Cycle time of the PPC; damping ratio of 0.3 or higher. Stable and

damped response shall take precedence over
response time.

—  Communication latency of PPC command to the IBR unit; and
— IBR unit's control delay.

Source: EPRI, 2024



Simulation-based IEEE 2800 Conformity @;Es $IEEE
Assessment—Voltage Control

] default —— Conform ] — shape of hyperbollc ares —— Conform
] | ] depends on first overswing
1--YaUe ~alu —— Non — conform ] —— Non - conform
1.0054 =15 — 1.005 - P
—_ ] r —_ ]
> ] = ]
Q. 1.000 A Q 1.000 A
' 1 ~ 4
(] 1 ] ]
> 1 0-90% > ]
0.995 ] 0.995 7
0.990 15 < £y;p<30s > 0.990 -
30|.0 40|.0 56.0 66.0 70.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
Time(s) Time(s)
maximum response time between1 s and 30 s damping ratio of 0.3 or higher
1% band of RPA voltage set point <y
1.005 - T
S 1.000 1
o
-
' 0.995 1
0.990 - —— Conform
—— Non — conform
0-985 T T T T T T T T
9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.Q
Tinmanles)
regulate the steady-state voltage at the RPA to the reference value, as adjusted by the
droop function, to within 1% of the RPA voltage set point
Source: EPRI, 2024
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6. Validation procedures for IBR unit models
and supplemental IBR device models

[ s SS S s s ———— =
! Unit Design, Testing & Modeling |
I
! I

....... pl :
6.3 Procedures ] v Type Test . Uln't.MO; €l | i
The recommended model validation procedure is based ! EasUrEments IMUIGHION RESUILS :

on engincering review where the differences between
the measurements from the type test and the simulated

response of the model are assessed, referred to as
qualitative model validation. The informative Annex
[H] provides a framework for a quantitative model

Calculation of Errors
(automated) Step 1

=  Annex H

validation procedure and critenia that may be used as a Plot error bands* around measurements “may”
screening tool or first step in a model validation process (automated)
and should be followed by a thorough enginecring *e.g., per typical error values from Annex H
review, 1.€., qualitative model validation.
i _ Model Validation
6.3.2 Engineer review procedure il
[ Step 2 Clause 6
Where quantitative model validation procedures per o = "
Annex [H] are used, applicable error bands may be Qualitative “should”

; : A t
plotted around the measured response to aid engineer Eail SSESSIEN

review of the validity of the simulation model.

Validated Unit Model
& Model Validation Report

Source: IEEE, 2024
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e
Disclaimer!!

* | am helping with the standard drafting and trying to build a
consensus based standard

* | also have experiences and opinions!!

* Where the following slides are good, then | am representing the SG3
leadership team. Where the following slides are wrong or bad, | am
representing myself!! ©

Acknowledgement: Much hard work and discussion from members
of sub-group 3. In particular, manufacturer teams helped us a lot!
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e
Definitions:

* model validation: The process of comparing measurements with simulation results for the assessment of whether a model response
sufficiently mimics the measured response.

* model benchmarking: the process of comparing simulation results from two models for the assessment whether a response from
one model sufficiently mimics the response from the other model for the same disturbance and external power system conditions

* model verification: The process of checking documents and files or equipment and respective settings (e.g., controls & protection),
and comparing them to model parameters or model structure.

Unit level Unit level model Plant model tests Plant model tests

hardware tests tests (EMT) (PDT)

Compare! Compare!

Validated Unit A Net o Benchmarked

Models Plant Models

Source: IEEE ©2024
ELECTRANIX s Slide 3
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-
Why do we care?

* Reliability!
* Studies accurately predict system
performance
* (verified) Plant models accurately

represent what is constructed and how
it is configured
e (validated) Unit equipment models

accurately represent the controls and
protection functions...

ELECTRANIX s~ Slide 4
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e
IEEE 2800-2022 requires validation!!

Per IEEE 2800 Clause 12 (Test and verification requirements), the
original equipment manufacturer (OEM) shall perform IBR unit level
testing and testing of the supplemental IBR device equipment. The
details of these equipment-level type tests to be performed are listed

in clause 5.

Source: |IEEE ©2024
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e
Where does validation sit in the process?

Timeline of IBR plant development and operation Version 2a

Italicized test not to be
included in final version

( Subgroup 2: Subgroup 3: Subgroup 4: Subgroup 5: \
Type tests Design evaluations Commissioning Post-commissioning

\
IEEE

P2800.2
Conformity

28.00.'2 : 2800.2 Post-commissioning
Commissioning

2800.2 As-built et Monitoring

Installation
Evaluation 2800.2 2800.2 Periodic

Post-commissioning Tests and
Model Validation Verification

2800.2
IBR Unit 2800.2 IBR Plant

Methods IRLGAES Model Design Evaluation
Validation

IBR

Plant .
Development Interconnection request

Steps and related studies

IBR plant commissioning

IBR plant

construction

(not specified
in 2800.2)

A : J

IBR plant operation

| )

. qarm' that some procedures in 2800.2 (blue) can fulfill needs of | Stage gate:
interconnection process (green)
«  How do 2800.2 procedures relate to NERC Mod 26, 27?7 Potentially one 1 All plant
work effort can satisfy some regs of 2800 and Mod 26/27. No need to | components
create extrawork. Wait till Mod 26/27 published to specifically address
installed Source: IEEE ©2024

This is a general version of the process. Variations may occur in the field.

ELECTRANIX I Slide 6
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What validation test sets are being proposed?

. ' X M3 M2 Transformer
Fixed test source (optiona) (optional) M1 EUT Programmable test source | .., (optional) (optional) M EUT

Zsource i Zexternal i POT Chaint W haind } i Zsource Zexternal --------
'l l. “ " . ‘\
—_ R T e — e &)
faultq

GRID POT

Transformer
f\)

(optional)

Figure 17 —Test circuit for method 2
Figure 16 —Test circuit for method 1

* Method 3: Control Hardware In the Loop (CHIL)

e Connect control hardware to real-time EMT simulator
test benches

Source: IEEE ©2024
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e
What will be validated?

(models compared against type tests)

Voltage and reactive power control modes — Clause 5.7.4

Primary Frequency response — Clause 5.9.4

Fast Frequency response — Clause 5.9.4

Voltage disturbance ride through — Clause 5.11.4 to 5.11.8

Frequency disturbance ride through — Clause 5.13

Limitation of overvoltage over one fundamental frequency period — Clause 5.14.4
PPC Testing — Clause 5.17

Frequency Scanning

A SRR o S

Protections — Clause 5.15

Frequency protection

ROCOF protection

Voltage protection

AC overcurrent protection
Unintentional 1slanding protection

opo o

Source: IEEE ©2024

ELECTRANIX s Slide 8
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e
Unit
Validation
challenge!

Note that hardware

and model may both
“ride-through” in
Validation testing, but
accuracy and correctness
is needed in each aspect to
ensure confidence in
ride-through behaviour in
plant and system contexts.

ELECTRANIX s~ Slide 9
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What gets in the way of close comparisons?

* Insufficient care in modeling practice.

* Developing good EMT modeling practice takes time and a strong investment
in modeling by OEMs.

* “real code” techniques and appropriate processes are needed

e Uncertainties in test system conditions (for example)
* Nonlinearities (eg. Transformers)
* Point-on-wave impacts
* Measurement error
e Simulation artifacts

ELECTRANIX s Slide 10
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Quantitative and Qualitative

* Huge point of discussion Which is best? ©

in 2800.2... possibly the

the entire standard. A

few discussions were

lengthy. @ @
N— 7

e Where should the
guantitative bands be
drawn?

* “Should we even use

guantitative metrics at
all?”

ELECTRANIX
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e
Quantitative: Pros and Cons

* Pros:

* Can standardize model quality to a degree. Repeatable, transparent
outcomes are desirable.

e Can automate the evaluation
e Can theoretically be performed with little experience

 Cons:

* False “pass”: If bands are too wide, serious errors in modeling can be sent
through as validated models.

* False “fail”: If bands are too narrow, legitimate differences may be flagged as
errors and delay and headache is introduced.

e Can theoretically be performed with little experience

ELECTRANIX s Slide 12
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e
Qualitative: Pros and Cons gl
(© ©
* Pros:

* Experienced engineers can sufficiently evaluate whether the model is suited
for purpose, and ask questions appropriately

* When done well, effectively identifies important errors in models

 Cons:

* There may not be enough “experienced engineers” to do this correctly at
scale.

* You can’t get help from automation tools. Large amounts of data can make
any engineer’s eyes glaze over, regardless of experience.

* Without standardization, opinions will differ on what is “acceptable”

ELECTRANIX e Slide 13
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e
Recommended approach:

* Note: Whether to recommend Quantitative analysis 77 Unit Design, Testing & Modeling 1

or just provide guidance is not well agreed in the i
Measurements Simulation Results !

currentdraft. | ACCOIVARIIIIITID :

 OEM (could be other parties) writes a “validation Caciaton of Erors '
report” that includes: ) Step 1

SENENL, S—

Plot error bands* around measurements “should”

(automated)
*a.g., per typical error values from Annex H

Model Validation
Results Step 2

* Qualitative comparison using expert engineers Cunlitatien -
* Recipient or users of unit level models should review Fail m“m
the validation report and accept, reject, or ask T
questions as appropriate. & Model Validation Report
. . . l
* If you have an opinion, submit comment on the draft! Source: [EEE ©2024
ELECTRANIX Slide 14
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[Table X] — Permissible maximum errors when EUT is type tested by P-HIL testing method

Positive- and negative-sequence values
Active power Reactive power Active current Reactive current

ICase description Time . . . . , . ) .
window | Transient| Quasi |Transient| Quasi |Transient| Quasi |Transient| Quasi

steady steady steady steady

state state state state

Case dependent information ~ |Pre-fault n/a 0.05 n/a 0.05 n/a 0.05 n/a 0.05

puch as pre-fault veliage, Fault 0.2 0.15 02 0.15 0.2 0.15 0.2 0.15

° ° est equipment settings such
as short circuit impedance if 0.2 015 02 0.15 02 0.15 02 015
used, etc. Post-fault
[ ]
b a I l d S I I l [Table Y] — Permissible maximum error when EUT is type tested in field

Positive- and negative-sequence values
Active power Reactive power Active current Reactive current
° ICase description Time . . ) . , . , .
window | Transient| Quasi |Transient| Quasi |Transient| Quasi |Transient| Quasi
° steady steady steady steady
state state state state
Case dependent information Pre-fault n/a 0.05 n/a 0.05 n/a 0.05 n/a 0.05
such as pre-fault voltage, 0.2 0.15 02 0.15 02 0.15 02 0.15
lestimated grid Fault ) ' ’ ) ’ ) ’ )
Impedance, grid operating 0.2 0.15 0.2 0.15 0.2 0.15 0.2 0.15
condition, etc. Post-fault

[Table Z] — Permissible maximum error when EUT is type tested by C-HIL testing method

Positive- and negative-sequence values

Active power Reactive power Active current Reactive current

ICase description Time . . . . ) . ) .

window | Transient| Quasi |Transient| Quasi |Transient| Quasi |Transient| Quasi
steady steady steady steady

state state state state

Case dependent information  |Pre-fault n/a 0.05 n/a 0.05 n/a 0.05 n/a 0.05

puch as prefault valiage, Fault 01 | 005 | ol | 005 | ol | 005 | 01 | 005

est equipment settings such
as short circuit impedance if 0.1 0.05 0.1 0.05 0.1 0.05 0.1 0.05
Source: IEEE ©2024 used, etc. Post-faul

ELECTRANIX s Slide 15
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Frequency Scans!!

 Variation of converter impedance
characteristics with frequency is widely
used in real studies, and happens to
provide a good representation of the
small signal control characteristics!

e We can use this for model validation!

— N+ io(t) + Ai(t) vo(t) + Av(t)
/ ? T +
Au(t) :
|
vo(t) ’9 PES io(t) C‘D (’:DAz’(t) PES
[
[

Source: IEEE ©2024
ELECTRANIX
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PSCAD Results

Impedance Scan - Magnitude (Ohms)

HiL-RTS Results

IZ| (Ohms)
[N w IS

-

(=]

Impedance Magnitude

Angle (Deg)

Angle (Deg)

180

135

90

45

90

-135

-180

180

135

90

45

90

-180

Impedance Phase Angle

e

10 20 30 40 50 60
f(Hz)

Impedance Phase Angle

SNavg

10 20 30 40 50 60
f(Hz)
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e
Disclaimer!!

* | am helping with the standard drafting and trying to build a
consensus based standard

* | also have experiences and opinions!!

* Where the following slides are good, then | am representing the SG3
leadership team. Where the following slides are wrong or bad, | am
representing myself!! ©

Acknowledgement: Much hard work and discussion from members
of sub-group 3.
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-
Where does Design Evaluation sit in the process?

Timeline of IBR plant development and operation Version 2a

Italicized test not to be
included in final version

( Subgroup 2: Subgroup 3: Subgroup 4: Subgroup 5: \
Type tests Design evaluations Commissioning Post-commissioning

\
IEEE

P2800.2
Conformity

28.00.'2 : 2800.2 Post-commissioning
Commissioning

2800.2 As-built et Monitoring

Installation
Evaluation 2800.2 2800.2 Periodic

Post-commissioning Tests and
Model Validation Verification

2800.2
IBR Unit 2800.2 IBR Plant

Methods IRLGAES Model Design Evaluation
Validation

IBR

Plant .
Development Interconnection request

Steps and related studies

IBR plant commissioning

IBR plant

construction

(not specified
in 2800.2)

A : J

IBR plant operation

| )

. qarm' that some procedures in 2800.2 (blue) can fulfill needs of | Stage gate:
interconnection process (green)
«  How do 2800.2 procedures relate to NERC Mod 26, 27?7 Potentially one 1 All plant
work effort can satisfy some regs of 2800 and Mod 26/27. No need to | components
create extrawork. Wait till Mod 26/27 published to specifically address
installed Source: [EEE ©2024

This is a general version of the process. Variations may occur in the field.

ELECTRANIX I Slide 3
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e
What goes into design evaluation?

* Review of validation report

* Model quality checks

* Documentation check (verification)
* Performance tests

ELECTRANIX s~ Slide 4
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What kind of test systems can we use?

Interconnection specific Controllable source equivalent
Detailed system model

Pros: Pros:
- Can capture more interconnection - Easy to control POM conditions
specific risks and issues - Requires no data other than the
Cons: plant under study
- Requires data that may be Cons:
confidential - Simplified representation of the grid
- Difficult or impossible to control can miss factors which could cause
POM conditions to assess capability performance issues

ELECTRANIX s~ Slide 5
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Focus on controllable source equivalent

Controllable source equivalent
(Closed Loop)

Controllable source equivalent
(Open Loop)

ELECTRANIX s = Slide 6
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e
Selected Tests

AV or AQ Reference Change Active Power Reference Change

0.075

ICR

0.05

Power Reference
Change

Voltage Step

0.5xICR = =

AV/AQ (pu)

Response

Active Power Reference

-0.025

-0.05

-0.075

t(s) t(s)

Grid Frequency Change - OF
1.035

High Voltage
shs sw/s Grid Angle  Ride-Through

Step Low Voltage
Ride-Through

Frequency

f(pu)

Response

0.995
0 5 10 15 20 25 30

‘e Source: IEEE ©2024
ELECTRANIX e = Slide 7
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A tricky basic test!

Table A.5: High-voltage ride-through tests [EMT and PDT]

Test Description
Test Th h Success Criteria
# Duration Fee-PAAse | Active | Initial Approx.
voltage at .
[s] RPA™ Power | Reactive Power
4-1 |1 1.19 pu ICR 0 1. Plant does not trip or enter current
blocking mode.
0.3287 x ICR
42 |1 119 pu ICR injecting®? 2. Current response will meet the
performance specifications in 7.2.2.3.5,
including requirements on response
time, settling time, and settling band
4-3 |1 1.19 pu ICR 05328;. x ICR 3. If active power is reduced, recovery of
absorbing active power to 100 percent of pre-fault
apparent current between 1 and 10
seconds.

 HVRT with high Q injection...
* Can cause very high terminal voltages

Source: IEEE ©2024

ELECTRANIX s Slide 8
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Informational tests (At Plant RPA)

* This test is not “pass/fail”

* Provides information on weak grid fault
ride-through for a specific configuration

* This test may not survive to the final draft? 2

Mixing System Strength Reduction

with Fault Disturbances

SCR Ramp Down Test

20
20

15

SCR

10

10

0 5 10 15 20 25 30 35 40 45 50

t(s)

Source: IEEE ©2024
E L ECT R AN T X 15
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Tests which are not in the draft standard:

* Transient Over-Voltage

» Subject of significant discussion!

 Difficulties:
* TOV standard applies at the POM

* Correctly modelling transient behaviour of the collector system back to each inverter
terminal in the plant is challenging.

* There are many different possible profiles of TOV that fit in the base standard
requirements
* You can definitively show “pass/fail” after an event happens. Therefore it
will be up to GO/OEM to design a plant with sufficient margin to ride
through system TOVs.

ELECTRANIX s Slide 10
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Tests which are not in the draft standard:

Unit Level Test for Validation purposes

* Base standard requires a wide (Not done in plant level tests)
range of possible “consecutive "o |
eve ntS”. " Continuous operation

* Difficulties: "0

0.80

* Many different tests would be
required to sufficiently assess

capability
* Models need to include special 026
physical protections (often
missing). Risk of “false pass” (0-<0.10) 0 .
0.16s Time 1.04s -
*0.32s *0.88 s

Figure 24 —Consecutive voltage ride-through test

Source: IEEE ©2024
ELECTRANEﬁ e Slide 11
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e
Many other important topics:

* Power quality

* PDT tests and benchmarking

* How to review documentation provided?

* How to check quality of model submissions?

e How to use models in interconnection studies?
(not in the standard!)

... no time right now... good luck... ;)

ELECTRANIX s Slide 12
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Andrew L. Isaacs

Power Systems Engineer, Vice-President
Electranix Corporation
ai@electranix.com

1-204-953-1833

Winnipeg, MB, Canada
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Status of IEEE 2800-2022

94% ballot approval. Published April 22, 2022.
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IEEE Standard for Interconnection and
Interoperability of Inverter-Based
Resources (IBRs) Interconnecting with
Associated Transmission Electric
Power Systems

= Harmonizes interconnection requirements for large solar, wind, and storage plants
(and other inverter-based resources)

= A consensus-based standard developed by over ~175 Working Group participants R
from utilities, system operators, transmission planners, & OEMs over 2+ years

ISTANDARDS

ration Co
Committee, and Power System Relaying & Control Committee

= |EEE standards are voluntary until adopted by an appropriate entity. Such entities
are encouraged to consider adoption of 2800 to the extent feasible even before IEEE
P2800.2 is complete. Many entities have begun adoption process.

<4 IEEE

Available at
standards.ieee.or
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https://standards.ieee.org/ieee/2800/10453/

IEEE 2800-2022 Technical Minimum Capability Requirements
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the
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Controls
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Control
responses

Applicability
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AC-connected
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Reactive
Power
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Prevent
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Phase
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Change
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Limitations

Unbalanced
Current
Injection
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including TrOV
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Where 2800 requirements apply?

Almost all requirements of IEEE 2800 apply at Point of Measurement (POM) by default

POM

-
I || RPA for asubset of requirements: I ;
POC: polnt of connection collector supplemental

: | | | feeder(s) / bus 1BR device, defaUIt RPA

| l E“_ T T T = = ' D_ e.g., power plant
| | | _—_— T —_—_—— = — | controller
. Ll
| l | POC < [EITHER) I . intercgnnection

| rv"“’] | Default RPA: point of
| | | | D measurement (POM)
I | |__* fBRuJ’?.Jr; IBR unit, | \‘ -
| | | e.g. string- e.g., inverter | | : = iSSi
[ | ! inverter = : —D s 4 t b

R — | | i A system (TS)
I | 1 iBRunie, | .—D_
| | I--= eg. string- |- | / IBR tie line
I | I 1 inverter | | main IBR
| | | ! b ! | transformer({s) Legend

| ;
I [ IBR "m_’t* | supplemental supplemental 1: inverter-based resource (IBR):

| ! e.g. string- I1BR device, IBR device, h ithin th of thi
I | | : o erter || eg. compensation e.g., compensation any panstl at are within the scope i this
[ I p standard, including /BR plant, IBR units,

| i supplemental I_ ___________ e _ectrgsbin ______ supplemental 1BR devices, feeders, collector
: [ | ! 1BR device, | bus, main IBR transformer, etc.

| - e.g., string

| : [ controller IBR plant* I 2: hybrid IBR plant: |BR with various resources
I =TT T T T T T ‘l like wind, solar, and/or energy storage systems
I ‘ two or more of wind, solar, and/or energy storage systemsl |

| N 2 l 3: hybrid plant: only the IBR are within the
I | hybrid IBR plan -I scope of this standard
I ——————————————————————————————————————

- I (hybrid) IBR plant + other electric generating units and equipment, | 4: plant controller as supplemental IBR
e.g., synchronous condensers, synchronous generators, compensation | |device: control IBR units, other supplemental
I IBR devices, and IBR plant equipment liketa

| .
@EESL L hybrid plant’ A, IE E E
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Status of IEEE 2800-2022 adoption

General Detailed Reference Hybrid Reference, Full Specification

Reference & Customization Ol Customization & Specification & Customization

/

= Florida Power and Light . = ERCOT?29 = Ameren IL®

FPL = BPA = MISO Phase 1°, .
= HECO = Duke Energy* = Long Island Power Authority
= NRCAN (as condition of = |SO New England? = New York ISO3
certain programs) = Southwest Power Pool & NYSRC RR#151
(SPP)’ = PJM

= Salt River Project (SRP)?

= Southern Company?

= Other utilities/I1SOs considering IEEE 2800-2022 adoption: Legend: | e
. . Green—Adoption complete
1: Presented on November 15, 2022 webcast: link 4: Presented on April 12, 2023 webcast: link 7: Presented on September 20, 2023 webcast: link . .
2: Presented on February 15, 2023 webcast: link 5: Presented on May 17, 2023 webcast: link 8: Presented on November 15, 2023 webcast: link Slide modified from Jens Boemer, EPRI
3: Presented on March 15, 2023 webcast: link 6: Presented on June 14, 2023 webcast: link 9: Verbal update on Jan 17, 2024 webcast: link



https://www.nerc.com/comm/RSTC/IRPS/IRPS_August_2022_Meeting_Presentations.pdf
https://www.nerc.com/comm/RSTC/IRPS/IRPS_August_2022_Meeting_Presentations.pdf
https://www.aeso.ca/assets/Uploads/future-of-electricity/AESO-2023-Reliability-Requirements-Roadmap.pdf
https://www.bpa.gov/-/media/Aep/transmission/interconnection/tech-requirements-interconnection.pdf
https://www.oasis.oati.com/woa/docs/DUK/
https://www.iso-ne.com/static-assets/documents/2023/09/a09_2_pp_5_6.pdf
https://spp.org/Documents/69021/TWG%20Agenda%20&%20Background%20Materials%2020230328.zip
https://spp.org/Documents/69021/TWG%20Agenda%20&%20Background%20Materials%2020230328.zip
https://www.ameren.com/-/media/illinois-site/files/electricchoice/aic-der-interconnection-policy-public-facing-guide.ashx
https://www.nerc.com/pa/Stand/Pages/Standards-Under-Development.aspx
https://www.esig.energy/download/ieee-2800-vs-existing-ercot-interconnection-requirements-gap-analysis-learnings-stephen-solis/?wpdmdl=9265&refresh=62f587eaba49e1660258282
https://cdn.misoenergy.org/20231011%20PAC%20Item%2005e%20IBR%20Performance%20Requirements%20Presentation630465.pdf
https://www.nysrc.org/PDF/MeetingMaterial/Philip%20-%20Integration%20of%20Inverter%20Based%20Resources%20and%20associated%20Study%20Considerations.pdf
https://www.nysrc.org/rule-postings/reliability-rule-revisions/
https://www.epri.com/research/programs/067417/events/2B446C46-FAB5-41A1-AB58-F423FEEDCAA3
http://www.oasis.oati.com/woa/docs/SOCO/SOCOdocs/SOCO_IBR_Interconnection-Technical-Requirements_Effective_08-06-2023.pdf
https://www.epri.com/events/E1807F51-48CF-4FD9-AEBD-4FF80D3FDEE0
https://www.epri.com/research/programs/067417/events/2B446C46-FAB5-41A1-AB58-F423FEEDCAA3
https://www.epri.com/research/programs/067417/events/2B446C46-FAB5-41A1-AB58-F423FEEDCAA3
https://www.epri.com/events/C6DCE40D-CFE2-4F34-A7FE-5184A2998DFD
https://www.epri.com/events/0627B2AB-9A83-44A0-BB5E-1CD4A9715A02
https://www.epri.com/events/5F453C58-08C2-410C-9FBE-020FA567370E
https://www.epri.com/events/AEFB7F14-238D-4FD2-B4C2-485BAB65B4EF
https://www.epri.com/events/CCA9465E-60BD-4233-8EE7-9EF567723F17
https://www.epri.com/events/627CC158-2C5D-40C7-B2B2-EBAD41B5E036

Overview of conformity assessment steps in (e#es | GIEEE

IEEE P2800.2

Commissionin

T
lests Post-commissioning Monitoring
IBR Plant IBR Plant Partial field
Type Tests VI B itori
IBR Unit Model Design As-built assessment of Monlto:jmg' of plz';\(;mt pen;ormance
Lab or field Model Development Evaluation Installation plant =l el (i
Validation Evaluation performance
tests of . .
. Based on Simulations
individual ' e
IBR unit for Based on validated IBR to assess Verification of
type test unit model(s) plant installed plant
model ’ ...
validation data and balance of conformity to Post-Commissioning
plant IEEE 2800 s DAL Periodic Tests and
. Verifications
Based on commissioning -
test data
L
Y
Design Evaluation Plant
construction L .
complete This is a general diagram of the process.

Details are under development in IEEE P2800.2.
Some variations permitted.
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Equipment certification? s | IEEE

= Almost all requirements in IEEE 2800 apply to the IBR plant (not the inverter/WTG)
= The type tests in IEEE P2800.2 do not generally have pass/fail criteria.
" |nstead, they generate data (e.g. test waveforms) to validate the unit-level model.

= Certification of inverters/WTGs to 2800 is not applicable because compliance is at the plant
level

= Required unit-level capabilities depend strongly on balance of plant
= Therefore an “IEEE 2800 certified inverter/WTG” probably will not exist

» |nstead, inverters/WTGs could perhaps be considered “2800 compatible” if 2800 requirements
have been taken into consideration so that they can be used to build a 2800-compliant plant.

= This is different from the IEEE 1547/1547.1/UL 1741 paradigm on the distribution system,
where pass/fail type tests and NRTL certification play a large role in conformity assessment
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e What is the required WTG/inverter (s | @

capability for 2800 compliance?

= There are many ways to comply

= For example, an inverter could have limited reactive power capability, but still
comply with 2800 if the plant designer includes appropriate supplemental
equipment

=  Even with ride-through capability, the required inverter-level capability is not
defined by 2800 because the voltage that each inverter sees is not the same as the
voltage the plant sees (and the 2800 requirement is at the plant level)

= Therefore, OEMs and plant designers will need to work together to decide how
to achieve plant-level compliance

= This flexibility is intentional. 2800 does not want to tell anyone how to design a
plant. It just specifies minimum performance capabilities for the plant. Itis up to
the plant designer to decide how to achieve them.
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+ Adoption of IEEE 2800: s

Adoption of IEEE 2800 is not contingent upon publication/adoption of IEEE P2800.2

= |n the absence of IEEE P2800.2, IBR owners, TS owners/operators, OEMs, etc. could develop
their own conformity assessment procedures or use existing procedures

" For systems experiencing IBR ride-through events/problems, some requirements
may be higher priority than others (ride through of low voltage, TOV, ROCOF, phase

jump)
= Needs consideration of enforcement date, grandfathering etc.
= Possible adoption methods:

= Full adoption by simple reference

= Full or partial adoption, clause-by-clause reference, additional requirements

= Many utilities/ISOs are already moving towards adoption
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Some definitions

 model validation: The process of comparing measurements with simulation results for the
assessment of whether a model response sufficiently matches the measured response.

— NOTE 1—measurements are obtained from type tests for IBR units or supplemental IBR devices, or from
field measurements for IBR plants or IBR units.

— NOTE 2—simulation results are obtained from an IBR unit or supplemental IBR device model or from an IBR
plant model. All models should be appropriately configured for the application.
 model benchmarking: the process of comparing simulation results from two models for the
assessment whether a response from one model sufficiently matches the response from
the other model for the same disturbance and external power system conditions.

— NOTE 1—For the purposes of model benchmarking, a model may be an IBR unit model, a supplemental IBR
device model, or an IBR plant model. The two models may be implemented in the same domain (e.g. EMT,
phasor, etc.) or in different domains. All models should be appropriately configured for the application.

— NOTE 2— Comparing results from a model to results from a hardware-in-the-loop (HIL) test is a form of
model validation, not model benchmarking.

Power & Energy Society™

A, < IEEE
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Some definitions

 model verification: The process of checking documents and files or equipment and
respective settings (e.g., controls & protection), and comparing them to model parameters
or model structure.
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Frequency
Scanning
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Excerpt of

2800 Table 20:

Verification
Methods Matrix

Power
Quality

Task Force
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Evals. and As-built validation, monitoring, etc.
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Design
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P2800.2 Working Group Membership

Software Provider | | Trade association

* 160 Voting members cF s S —
. ndependen 1%
* 45 Non-voting members "
Research Consultant
16%

* All major stakeholder groups 3%
represented §>

Academic
5%

IBR Developer
8%

P2800.2 WG
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OEM
24%

Utility
24%

Regulator
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P2800.2 status

* >95% of content is complete Number of comments by subgroup

166

« 7t Working Group meeting held April 30-
May 2, 2024

150

* 530 formal comments received on May 22

T~ 89
— First round of comments on nearly complete
draft
45
38
e Draft 2.0 produced yesterday > I
8
— Call for WG comments open l I —
e 8t WG meeting next week — Oct 30-Nov 1 s 562 563 se 56 Pare FTF
Overall Type Design Commissioning Post Power Frequency
° Over next "’3 months’ su bgroups and task document tests evaluation  andas-built commissioning  quality scanning

force will address comments

* Expect to ask WG for approval to start
IEEE-SA ballot in ~“February
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P2800.2 Timeline

Oct 30 Nov —
Jan 2022- Oct — Nov 1, Dec Q1
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