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IEEE 2800-2022

IEEE Standard for Interconnection and Interoperability of Inverter-Based
ENERGYWIRE Resources (IBRs) Interconnecting with Associated Transmission Electric
Power Systems

Why solar ‘tripping' is a grid threat for renewables

Renewables make up a growing portion of the electricity mix and the vast
majority of proposed new generation. But incidences where plants
unexpectedly go offline is a growing problem, experts say.

1EEE SA
BEYOND STANDARDS <IEEE

ﬁ MIRANDA WILLSON

https://subscriber.politicopro.com/article/eenews/2022/09/20/out-of-nowhere-inside-the-fight-
over-renewable-tripping-00056359

Energy 166 Standards Working Groups News & Artces  Sustainable Developmers.

Addressing Grid Reliability As Renewable Energy Integration Speeds up

IEEE 2800™ Standard Tells How to Connect Large Solar, Wind, and Other Inverter-Based Resources to the Grid While
Maintaining Reliability

T8 IRENA GDNAR / 2RSa&a FT2NJ wSySgloftS

by the International Renewable Energy Agency, https://beyondstandards.ieee.org/addressingid-

) ) liability- bl integrati dsup/

mGﬁB[I\R[?\‘gDBE& pub“shed Apl’l| 2022’ pageS-gBZ reliapllity-asrenewableenergyintegrationspeedsup

"[lEEE 2800] will be [a] regional grid cod[e] for North America, with

the main area of applicability being the United States, but [is] Adoptmg new IEEE standard could ease

designed to go beyond this scope. [It] can clearly be recommended Interconnection, says EPRI executive
as [an]optio[n] for internationa”ystandardisedechnica| The IEEE 2800 standard would make the transmission grid interconnection process
. " more efficient, and updating modeling and performance requirements would help
requwements for generators. ensure system reliability, according to an executive from the Electric Power Research
Institute.
https://www.irena.org/publications/2022/Apr/Griecodesfor-renewable ST SRS SR ———
poweredsystems | Markers |

https://pv-magazine-usa.com/2022/08/17/adopting-new-ieee-standard-could-ease-
interconnection-says-epri-executive/

Deci sions Shape Course o
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Risk Framework for Inverter -Based Resources Performance

Recommended Practice for Test and Verification Procedures for Inverter-
IEEE Standard for Interconnection and Interoperability of Inverter-Based based Resources (IBRs) Interconnecting with Bulk Power Systems
Resources (IBRs) Interconnecting with Associated Transmission Electric
Power Systems

Uncertainty in What Capabilities and Performance Should Provide to a Future Power System
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IEEE Std 28002022

IEEE SA
¢ Harmonizegechnical minimuminterconnectioncapability IEEE Standard for Interconnection and
and performance requirements for large solar, wind and B Interer e ith
storage plants, including those connected via VWMDC like Associated Transmission Electric

Power Systems

offshore wind

C Aconsensushasedstandard developed by over
~175 Working Group participants from utilities, system
operators, transmission planners, & OEMs over 2 years

IEEE Power an d Energy Society

ISTANDARDS | -w

¢ Passed the IEEE SA ballot among 466 SA balloters with hig .
approvalgy>94% approval>90% response rate)

<IEEE

(; PUb“Shed on Ap”l 22, 2022 (Earth Day) Available from IEEE at https://standards.ieee.org/project/2800.html

and via IEEExplore: https://ieeexplore.ieee.org/document/9762253/

Technical Foundation Enables Paradigm Shift Towards Minimum Capabilities
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Capability versus Utilization
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Capalbility: Scope Of‘. Il’UtiIization of Capalbility: Scope Of‘.

G oAfAGE (2 t SNF2NIEE280d! 458t ABSNE 2F t S NFezcovekighdd ¢
Ancillary Services

P Enable/disable functions -
Agreement

P Functional settings / configured parameters
P Operate accordingly (e.g., maintain headroom, if applicable)

P Functions
P Ranges of available settings
P Minimum performance specifications

Examples

Examples
0 Frequency Response
. o Deadband
o Primary frequency response >
o Droo
o Fast frequency response P _
0 Response Time
" _WN 0 Headroom

@& _ . % O RideThrough
E— o Voltage ridethrough

Current injection during ridé¢hrough
Consecutive voltage ridiarough
Frequency riddghrough

ROCOF ridérough

Phase angle jump
ride-through

\

----------------~
s \
O O O O O
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4 N N N N N Modeling &\ 4 )
Reactive RideThrough Validation,
TS owner I bil g Tests and
can require Ge_nera Frequency Power Powger Capability and | Measurement T
dd't'q | Requirements Response ¢ Voltage Quality Performance, Data, and -
add ;Jc?lr,‘ta Control S owner Protection || Performance|| o4
capabiiity Aishall |haveod Ashoul do klpecify Monitoring
EEEEEEEEEEESN®
[ ] .
o P~ L] Fast Q for voltage Harmonic Unbalanced
Raising Measurement [EM Frequency coniill el ZSE Li%ﬁgﬁgﬁs Current FIOBESS Eit commIT:ssi:)-nin
the accuracy . Response CB IR [T Injection criteria for Vi J
minimum ol forunder - T model 9
. frequency T el validation
bar - conditions ransient Balanced
- Overvoltage Current Plant - level
EEEEEEEEEER H H -
o Controls : Harmonic e Evaluation &
(@) Prioritization - . Modeling
© Automatic Current Voltage S
& = Y Limitations : High Fidelity
e sEEEEEEEEE NN Oltage RIde_throth Performance
LL Regulation including TroVv Monitorin
2 LW Control Functions Phase + Consecutive izl
= Unbalance Commissioning
— responses
_c% - Frr(]aquency& Tests
= : . Phase-jump
P ;
55 = i) petal || G
O = Applicability Response Reactive Validated
g to Diverse Power Flicker Coordination Models Type tests
Cqé IBR Plants Limitations Of Protection

Requiring All Capabilities May Conflict with  Current Market Rules
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EPRI Activities To Date Supporting IEEE 2800-2022 Adoption

A

(2

March 2022¢ ongoing:work with two earlyinterest EPRI members]

@ . . . 5 5SYSyYia
4 May 3, 2022:0int NERGIATENAGFEPRI Webinar on Publication of ﬁtger‘(’:"oln A LY NE @S VS yoa
IEEE 25;?3032 ; 1’d000 at(';gndee_s; . b Agreements NOPR issued on June 16, 20P
Ide deCK and recording avalla etotepu Ic at <L &L = ~ . ~
https://www.epri.com/research/programs/067417/events/621D26F1 AL D I, A .f ot ehibraryat CO9 w/ Qa
00A54E908AASC68959393DBC https_.//_eI|brary.ferc.qov/eL|brary/ﬂledownlo
ad?fileid=AD71793&69BC85691EB
A August 911, 2022:Joint ESIBIAGFFERENEREEPRI Interconnection 830327900000
Workshop ~ 700 attendees
Slide decks, recordings, and summary report available to the public at
\rllvt(tﬁi:slr/]vc\)/vv/w.esm.enerqy/event/|0|ntqeneratOHnterconnectlon c Milestone reportg from I;)Olﬁnq EAPRI membédunded P\AMOD
WOTKShop projectd dzo a G YGAFGS YIFye 2F 9t wL ¢
A September 22, 202ZPRI Informational Webinar 6iERGIOPR on A These are available attps://www.epri.com/pvmod
Generator Interconnection (Transmission) ~ 130 attendees ¢ EPRI recommendsioption of IEEE Standards like 152018 for
S ﬁtltide 2eCk and reCOF?ing avaﬂ?ble to EP/%L};”;B?GFS 6;;3867756 SGIP/SGIA and 28aD22 for LGIP/LGIf set clear expectations
PS://WWW.epri.com/researcn/programs even . » . - . o X
483F47E99ABFB6235342F9FE FER @ew Ty R T NEs b, Lyl e g
A Supported to different extent by 7 other entities, including NERC,
A October12,20229t wL ! GAf AdG& CASEt R 9ELISNASYy GEA LG IREIE KAGOAEPNR dzLJ 2y COw/ Q
Small Generator Interconnection Procedure (SGIP) ~ 120 attendeés ¢ EPRI recommends atiodels should be validatednd
¢ Slide deck and recording available to EPRI members at appropriately parameterized; modeling asreethod for pre-
https://www.epri.com/research/programs/067418/events/351679F6 commissioning conformity assessment
\_ DEB7470G96CA292CC96FDSFD VAN

A October 13, 2022: )

EPRI Comments fileah

CD](

)
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https://www.epri.com/research/programs/067418/events/351679F6-DEB7-470C-96CA-292CC96FD8FD
https://elibrary.ferc.gov/eLibrary/filedownload?fileid=AD71793A-769B-C856-91EB-83D327900000
https://www.epri.com/pvmod

Possible IEEE 28002022 Adoption Methods

A Full adoptlon of standard by
generalreference

A Specification of

¢ technical minimum capability
per IEEE 280R022

¢ functional settings/ performance
(in ranges of available settings)

A Decision whether to specify
additional requirements or not

¢ e.g., for norexhaustivereqs

A FuII or partlaladoptlon of std

A Clauseby-clausereferences
A Any additional requirements

Benefit: Consistency to standard

Risk:Fragmentation of
requirements, certification
challenges, additional costs

© 2022 Electric Power Research Institute, Inc. All rights reserved.

Full Specification

A All on the left

A Clauseby-clauseown language
A Any additional requirements

Benefit: No need to buy standard

Risk:Inconsistencies to standard
and fragmentation of
requirements, certification
challenges, additional costs
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High-Level Gap Assessment of ERCOT Nodal Protocols

Legend: t NBKAGA lﬂ SR K ! tt2s § R o0& a dzii dzI € ! 3 NS 9 e Priorities per ERCOT presentationBRTF Meeting of Sep 13, 2022
640 tNROSRANIf {GSLI wSljdZANBR Fa GapSPOAT Acknowledgements for contributions and pemview: JulidviatevosyanESIG)
SCION IEEE . . . SREOT IEEE
Function Set Advanced Functions Capability Nodal Function Set Advanced Functions Capability Nodal
28002022 28002022

Protocols Protoc.
Sec 4 Definitiond ? ? Sec 6a7 g Frequency Rid&@hrough (FR 4 _ G4
Reference Point of Applicabil PO POM Rateof-Changeof-Frequency (ROQOF) Riﬂerougf NR (1) b
General _ — _ Voltage Riderhrough (VR 4 4
Adjustability in RavggsI of.AvallabIe Sgtt NR (1) 4 Transient Overvoltage Ridenrougi K 6 HHH &
Prioritization of Functio] % 7 SIS ShEErT Consecutive Voltage Dip Rid@rougl NR (IIl) 4
S Al Ramp Rate Contr Re“gb'“ty Restore Output After Voltage Riddrougli NR (! 4
Communication Interfag a a Fr 0 Voltage Phase Angle Jump Ritlmougli NR (!!) 4
Disable Permit Servi L L Sc-;queorfy Frequency Droop / Frequendyatt 4 4
Monitoring, (Remote ShuOff, Remote Dlsclon.nect/.Reconne i Fast Frequency Respond  Underfrequency FR K 6 HHH &
Control, and Limit Active Pows b g Inertial Respons Overfrequency FE~ NR K
Scheduling Monitor Key Dat a a Return to Service (Enter Serv ? 4
Remote Configurabili K Black Sta NR K
Set Active Pow g K Sec 9 Abnormal Frequency T|  NR K
Scheduling Power Valy b K _ Rate of Change of Frequency (ROCOF) Prot ? K
Sec 5 Constant Power Fact % R Protection Abnormal Voltage Tr,  NR K
| \VotageReactive Power(VeMar] 4 | o Functions and AC Overcurrent Protecti{___? K
lec?v(\:/g\r/e Autonomously Adjustable Voltage Referel 2 A oordination Unintentional Islanding Detectionand T NR K
2 _@ [ L3 0 At AlGE |: U VASINE  yI| ONRX'Y S| LJg g S|NJ Interconnection System Protecti ? K

(Dynamic) Active PoweiReactive Power (Waiar Sec 8 Limitation of DC Current Injecti

Voltage Constant Reactive Pow NR (!!!) “ Limitation of Voltage Fluctuatio] NR (!!1) 4
Support VoltageActive Power (VoltWatt) NR NR Power Quality Limitation of Current Distortiq NR (!!!) b
Dynamic Voltage Support / Balance 4 4 Limitation of Voltage Distortig NR K
Current Injection during VRT Unbalance( NR (! b Limitation of (Transient) Overvoltal NR (!!!) 4

Thirteen (13) high -level gaps in ERCOT relate to 2800

© 2022 Electric Power Research Institute, Inc. All rights reserved.

mandatory requirements
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11

High-Level Gap Assessment of EPRI Member Utility Owning Sub  -Transmission
Legend: t NB K)\(z?:iéélv?z K !,fAf 22’5??’ 0 e Aevtdzi]dzl- f !AEIVNJS
0450 t NPOSRdAzNI £ {GSLI wSIdZANBR & GaplSPA T
EPRI
Function Set Advanced Functions Capability Member ZSCI)EEEZZ Function Set Advanced Functions Capability Epvﬁ:hM;/r-:-]be 28(;55(')522
with S/T
Definitions n/a L Frequency Rid@hrough (FR]4% - 1547 Cat Il 4
Reference Point of Applicabil ~ POI POM Rateof-Changeof-Frequency (ROCOF) Riflerougll K- 1547 7
General s gjustability in Ranges of Allowable / Available Sef| _ n/a 4y _ Voltage RideThrough (VR] 5 - 1547 Catl] 4
Prioritization of Functior] n/a b Bulk Syste C(-)rr::ngtir:/teoyslf[\;ozagie Il?ql%?;roug: n;a z
Ramp Rate Contr K Reliability 9 b _+ roug n'a
Communication Interfad i 550 & Restore Output After Voltage Ridérouglf  4-1547 4
Disable Permit Servi Frequency Voltage Phase Angle Jump Rideougll K- 1547 4
Monitoring, (Remote ShuDff, Remote Disconnect/Reconne 7 K Support Frequency Droop / Frequendyaty K- 1547 L
Control. and Limit Active Powd _ n/a 3 Fast Frequency Respon: Underfrequency FH n/a 4
Schedl,JIing Monitor Key Dat z . Inertial Respong O\{erfrequency FH n/a K
Remote Configurabili K K Return to Service (EErglterkSg:v G- %547 ;
: ack Sta n/a
Set Active Pows n/a K Abnormal Frequency T4 - 1547 Cat |l K
Scheduling Power Valu /a K _ Rate of Change of Frequency (ROCOF) Prot{ K-1547 K
Vol R Cor.lsta;t POW?; I;act Z Z Flljrzg':if)?sogn Abnormal Voltage Tr| 4 - 1547 Cat Il K
Reactive [~ Autonomou‘;fj‘i‘f,,ui?;ﬂLeVO?QZL(RZfe?; NR NR Coordinatio ________AC Overcurrent Protecty K- 1547 K
EN Tl 6AfAGs LG TEANE 1 e . Unintentional IsIan@ng Detection and T 4 - 1547 K
& - : Interconnection System Protecti % K
(Dynamic) Active PoweiReactive Power (WaWar NR NR Limitation of DC Current Injecti nla
Voltage Constant Reactive Pow K T Limitation of Voltage Fluctuatio 4 4
Support VoltageActive Power (Volwatt) ~ NR NR Power Qualit] Limitation of Current Distortig n/a 4
Dynamic Voltage Support Balance K b Limitation of Voltage Distortid n/a K
Current Injection during VR Unbalance K “ Limitation of (Transient) Overvoltal K- 1547 4

Thirty (30) High -level gaps in EPRI

Member Utility relate to 2800

© 2022 Electric Power Research Institute, Inc. All rights reserved.

mandatory requirements
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Lessons Learned So Far About IEEE 2800-2022 Adoption

A Transmission Owners / Planners play a key role
¢ Gap assessment relative to, and improvement of existing requirements
¢ Determine reasonable interconnection application enforcement date for new IBR plants; signal early IEEE 2800 adop
¢ Adoption requires TO to make ~120 decisions, e.g., specification of settings other than default values

A Requiring certain capabilities may conflict with current market rules
¢ Focus stakeholder discussions of IBR requirementapabilitiesandseparatefrom their utilization

¢ Work with stakeholders and with FERCto consider implementation of paradigm shift towards IBR minimum
capabilities with grandfatherinG emphasize readiness of technology, economic viability, and international precedence

c LYadSIFIR 2F AGLASOSYSIFtE¢ FTR2LIWA2Y 2F L999 HynnX delBe a3
numbersC allows for successive striking of exceptions once market rules are reformed over time

A Verification of IBR plant capabilities and performance is the biggest challenge

¢ Not contingent on publication of IEEE P280Dxaft Recommended Practice for Test and Verification Procedures

¢ Interim conformity assessment by unit certification and plant checklist; could use existing IBR unit type test procedure
and unit certifications from other countries, e.g., IEENTS&@, German VDE and FGWAEMO, et al.

LIEC TS 63102:2021 Grid Code Compliance Assessment Methods For Grid Connection Of Wind And PV Power
2VDEARN 41xx, FGW Technical Guidelines TG3 (Measurements), TG4 (Modeling & Validation), and TG8 (Certificat

A Patchwork of IEEE 2800 Adoption Around the U.S. Could Have Limited Benefits

12 © 2022 Electric Power Research Institute, Inc. All rights reserved. (e =d r={]



IEEE SA

ocIATION

IEEE Standard for Interconnection and
Interoperability of Inverter-Based
Resources (IBRs) Interconnecting with
Associated Transmission Electric
Power Systems N ERC
Reliability
Stds

ISTANDARDS ;_w

IEEE
Technical
Stds

More Info at https://sagroups.ieee.org/2800/

IEEE 2800-2022 Techni ca | Minimum Capability Requirements

s o Ya o Ya N s aYa ;
Modeling &
TS owner Reactive Rde-Through Validation,
can require General Frequency Power Capability and | | Measurement
additional Requirements Response ¢ \oltage i Performance, Data, and
capability Control Protection Performance

fishall haveo fishouldo speci Monitoring
B
P -
Raising
the
minimum
bar

Testsand
verification
requirements

Capability
Required in 2800
|

to
IBR Plants

Utilization of these capabilities is outside the purview of 2800

Could a FERC Reference In
LGIP/LGIA to IEEE 2800 Help
Expedite the Adoption Process?

¢

There igorecedence for reference® |IEEE
standards in FERC Orders and NERC
Reliability Standards, for example IEEE
a0FyRFNR&a a G322R dz

Would reduce regulatory barriers to
harmonized IBR plaméchnical minimum
capabilityand performance requirements

Would align withinternational practicesof
regulatory orders referencing consensus
technical standards that are developed in an
open process with relevant stakeholders

0 Reply Comments to FERC on Docket RM22

000 are due Nov 14, 2022, or Dec 14, 2022

*At least one stakeholder requested a motion for extension.
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Support Reforms by Education and Collaboration

ES|G REllablllty «Bcope: modeling, grid codes and interconnection requirements, weak grids, grid forming converters, etc.
. wContact:Jason MacDowelGE Power | Welhttps://www.esig.energy/reliabilityworking-group/
Worklng Group oDeliverables: technical reports, webinars | meetds8times per year

N ERC IRPS uScope: interconnection process and studies

Subgroup W()rk «Contact:Ryan QuintNERC | Wehhttps://www.nerc.com/comm/RSTC/Pages/IRPWG.aspx
|tem #8 uDeliverables: NERC reliability guideline | meets every other week

|EEE P2800 2 uScope: recommended practices for test and verification procedureggsldmt-level conformance
. . wContact:Andy Hoke NREL | Wehhttps://sagroups.ieee.org/280@/
Worklng G roup uDeliverables: IEEE recommended practice | WG meés tines per year; subgroups meet every other week

N ERC Re“a‘blllty oMOD 026/027 RevisioBrad MarszalkowskiWeb: https://www.nerc.com/pa/Stand/Pages/Proje€t020 06Verificationsof-Modelsand-Datafor-Generators.aspx
Standards WI'PEO01-5.1 and MOBD32-1 Modifications:Ben Wu| Web: https://www.nerc.com/pa/Stand/Pages/Project2022ModificationstoTP001-5-1andMODB032-1.aspx
. uModifications to FA©O01 and FADO02: | Web:https://www.nerc.com/pa/Stand/Pages/Proje€020-05-Modificationsto-FACO01-and-FAC002.aspx
Drafting Teams

uScope based on Federal Power Act
Open or FUtU re u$ection 205 and 206: Office of Energy Markets and Regulations (@EMBRIMIission generation interconnection process

FERC DOCketS ASection 215: Office of Electric Reliabititseliability standards
WFERC NOPR on Improvements to Generator Interconnection Procedures and Agreement$4RNeRly comments due to FERC on Nov 14, 2022, or Dec 14, 2022

EPRI Members: jJjoin the | aunch of EPRI O&s C

ng Performance of Large Solar, Wi nd, arm3d258BETor

14 © 2022 Electric Power Research Institute, Inc. All rights reserved. (e =d r={]
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https://www.ferc.gov/news-events/news/ferc-proposes-interconnection-reforms-address-queue-backlogs

Jens Boemer Thank yOU'
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Mahdi Hajian

Senior Technical Leader
Grid Operations & Planning
+1 (650) 858.005

MHajian@epri.com
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