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Meetings to Date with IEEE 2800-2022 Scope
oxe  fseee  Preean

Mar 18, 2022 - IBRTF Meeting by Webex Only

Apr 08, 2022 - IBRTF Meeting by Webex Only

May 23, 2022 - IBRTF Meeting by Webex Only

TBD

Recap on discussion from April 8, 2022
= Reactive vs. active power/current priority
- Reactive priority needed for LVRT?

General Overview Posted
Voltage Ride-Through, Reactive Power, and Not posted
Voltage Support

Primary Frequency Response, Fast Frequency Not posted

Response, Frequency Ride-Through, RoCoF Ride-
Through, etc.

Requirements in Scope of Transmission Service Provider (TSP) and not of ERCOT
Other Requirements of IEEE 2800 by Mutual Agreement (Optional)
Conformity Assessment: OEM equipment readiness, self-certification, etc.

—  Active power/current withdrawal at HVRT may lead to further voltage increase?
= Coordination of IBR unit and IBR plant controller during and after faults?

= Feedback received for further action:
- PG 7.5-PGRR 75 and 85 Update? No!?

- NOG 2.9.1 — voltage recovery to 90% in 1.75 seconds?

- NOG2.6.2and 2.9?
-~ TrOV requirement only for HVDC ties today?

4 - This is an ongoing assessment: please provide feedback at jpoemer@epri.com
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Resources and Media

A IEEE.org | IEEE Xplore Digital Library | IEEE Standards | IEEE Spectrum | More Sites eTools
IEEE SA 5580w $IEEE

Standards Products & Programs Focuses Get Involved Resources MAC ADDRESS Q

IEEE 2800-2022

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

https://standards.ieee.org/project/2800.html

EEEorg  IEEE Aplore Dighta Library IEEE Standards  EEE Spectrum  More Sites 6 vin@o N

IEEE SA

BEYOND STANDARDS <IEEE

INDUSTRY >  TOPIC~ TYPE~ WORKING GROUPS - % TRENDING ~  ABOUT -

4
/

Energy IEEE Standards Working Groups  News & Articles — Sustainable Development

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

WG IEEE SA Working Groups + 26 April2022 0 read

https://beyondstandards.ieee.org/addressing-grid-reliability-as-renewable-energy-integration-speeds-up/

T4 IRENA “Grid Codes for Renewable Powered Systems”

GRID CODES

FOR RENEWABLE POWERED SYSTEMS

report by the International Renewable Energy
Agency, published April 2022; pages 87-88:

"[IEEE 2800] will be [a] regional grid cod[e] for North
America, with the main area of applicability being the United
States, but [is] designed to go beyond this scope. [It] can
clearly be recommended as [an] optio[n] for internationally
standardised technical requirements for generators."

https://www.irena.org/publications/2022/Apr/Grid-codes-for-
renewable-powered-systems

N MEMBERS AREA

ESIG About Blog Resources Membership  Working / Users Groups  Contact Events
ENERGY SYSTEMS
INTEGRATION GROUP

Q  Search this website

IEEE P2800: Enhancing the Dynamic Performance of High-
IBR Grids with Capability and Performance Standards for
Large-Scale Solar, Wind, and Energy Storage Plants

October 5, 2020 by Jens Boemer - EPRI and Wes Baker - EPRI

https://www.esig.energy/ieee-p2800-enhancing-the-dynamic-performance-of-high-ibr-grids/

Webinar Recording Available:

https://engagestandards.ieee.org/IEEE-2800-Update-Reqgistration-LP.html

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

=~,r2l


mailto:jboemer@epri.com
https://engagestandards.ieee.org/IEEE-2800-Update-Registration-LP.html
https://beyondstandards.ieee.org/addressing-grid-reliability-as-renewable-energy-integration-speeds-up/
https://www.irena.org/publications/2022/Apr/Grid-codes-for-renewable-powered-systems
https://standards.ieee.org/project/2800.html
https://www.esig.energy/ieee-p2800-enhancing-the-dynamic-performance-of-high-ibr-grids/

IRENA Report: Key Messages

Figure ii Categories of grid codes in Europe, functionality and main actors

MARKET CODES OPERATION CODES CONNECTION CODES
“Power System tranSformation towards decentralisation, @ « Electricity Balancing - System Operation « Requirements for Generators f
. . . . i . - - = Capacity Allocation = Electricity Emergency « Loads Connection
digitalisation and electrification calls for evolving grid codes”
= [Inverter-based resources, IBR] impact the way power systems are operated MaretOpaator ety Suppers s
- Project Developers
= The role of grid codes in building trust between different actors ol Brover
= An imperfect grid code is, in many cases, better than no grid code at all | Comumer !

Note: HVDC = high voltage direct current.

= Grid codes should be technology-neutral and should evolve to meet system

n ee d S Figure iii }Grid code parameter development and revision process
= Grid codes should enable innovations to connect safely to the grid % B O
As soon As soon )
. . . . as possible T as possible \
= Ensuring compliance with the code is key 2 inie e
INITIAL REQUIREMENTS POWER SYSTEM STUDIES FULIIQ-ESQYSF:EN;EZE'(S:IFIC
= |International standardization and regional grid codes facilitate sharing of cuick development

Evaluate adequacy

of existing requirements

flexibility and increased economy of scale for equipment manufacturers

What does that mean for IEEE 2800-20227?

» Cornerstone in a transforming power system
» Tailored to North American context

© IRENA (2022), Grid codes for renewable powered systems, International
Renewable Energy Agency, Abu Dhabi. [Online]

Reflect the needs of
the system of today and
in expected future

Based on international
experience

development scenarios

Develop more adequate
requirements and
parameters

Ensure minimum
functionality
for secure operation
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org/project/2800.html

.org/document/9762253/
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ERCOT > IEEE 2800:
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Scope and Language of 2800 Requirements
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Examples for Inverter -Bases Resources (IBR)Plants IN scope
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ERCOT > |IEEE 2800: adopt and exceed 2800 with POl as RPA?
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Example hybrid IBR plant , ac -coupled INn scope
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ERCOT > |IEEE 2800: adopt and exceed 2800 with POl as RPA?
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> Example hybrid plant : operated as a single resource INn scope
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Default Reference Point of
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56"#$%&$% POI: Point of
Interconnection
TS: Transmission

System
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ERCOT > IEEE 2800: adopt and exceed 2800 with POl as RPA?
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IEEE 28002022 Test and Verification Methods

IEEE 28002022 requires IBR plant -level conformity more than just IBR unit conformity
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ERCOT > IEEE 2800: adopt and exceed 2800 with POl as RPA?
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IEEE 28002022 Technical Minimum Capabillity Re1 uirements
To be reviewed in a future meeting
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Utilization of these capabilities is outside the purview of 2800

Post -
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Tests
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Preliminary High -Level Gap Assessment of ERCOT Nodal Protocols (4/8/22)

X Prohibited, V Allowed by Mutual Agreement, ¥ Capability Required, NR Not Required

I"H#"S0
PS%e () Procedural Step Required as specified, A Test and Verification Defined, !!! Important Gap "#$%8&'()*(+($,-./%0."%$,0123,1%%$-.4$). 5@ 71(&8.93'14L(7%-;4$ <=>7@A
56078 <555 56078 <555
"#$%& #()*% +,- #8*, ("#$%&'#/(0.1.2&38&%4 9',.3( —o@== "#3%&#()*% +,- #8*, ("#$%&'#/(0.1.2&38&%4 9'.3( —o@==
5'%'$'3/ e 5'%'$H -
Definitions A A Frequency Ride-Through (FRT) F F
Reference Point of Applicability < 7B Rate-of-Change-of-Frequency (RO(?OF) Ride-Through| 96(CDDDE F
General : — : : Voltage Ride-Through (VRT) F F
Adjustability in Ranges of Available Settings)] 96(CDDDE F Transient Overvoltage Ride-Throughl G(CDDDE F
Prioritization of Functions F F Bulk System Consecutive Voltage Dip Ride-Through| 96(CDDDE F
Ramp Rate Control Rl ol Restore Output After Voltage Ride-Through| 96(CDDDE F
Communication Interface F F Fre ﬁenc Voltage Phase Angle Jump Ride-Through| 96(CDDDE F
I?isable Permit Service = = Su(:)porty Frequency Droop / Frequency-Watt F F
Monitoring, (Remote Shut-Off, Remote Disconnect/Reconnect) Fast Frequency Response /|  Underfrequency FFR| G(CDDDE F
Control, and Limit Active Power, F F Inertial Response Overfrequency FFR 96 G
Scheduling Monitor Key Data F F Return to Service (Enter Service) A F
Remote Configurability G Black Start 96 G
Set Active Power F G Abnormal Frequency Trip 96 G
Scheduling Power Values F G ) Rate of Change of Frequency (ROCOF) Protection A G
Constant Power Factor F F Prot.ectlon Abnormal Voltage Trip 96 G
Voltage-Reactive Power (Volt-Var) F F Functions ?nd AC Overcurrent Protection A G
Reactive [ A tonemaucly Ad e Coordination . - : ‘ _
Autonomously Adjustable Voltage Reference A Unintentional Islanding Detection and Trip 96 G
Poé\;ver Capability at zero active power (“VArs at night”)) 96(CDDDE F Interconnection System Protection A G
(Breriid Active Power-Reactive Power (Watt-Var) Limitation of DC Current Injection
Voltage Constant Reactive Power| 96(CDDDE F Limitation of Voltage Fluctuations| 96(CDDDE F
Support Voltage-Active Power (Volt-Watt) 96 96 Power Quality Limitation of Current Distortion| 96(CDDDE F
Dynamic Voltage Support / Balanced F F Limitation of Voltage Distortion 96 G
Current Injection during VRT Unbalanced] 96(CDDDE F Limitation of (Transient) Overvoltage] 96(CDDDE F

Thirteen (13) high -level gaps in ERCOT relate to 2800 mandatory requirements
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Detailed Gap Assessment
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19 - This is an ongoing assessment: please provide feedback at jpoemer@epri.co

Objective and Approach
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Comparison Basis and Remarks
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Question: shall comparison be relative to current language or approved revisions _’?
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Focus Today:
Voltage Ride-Through, Reactive Power, and Voltage Suppori
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Recent NERC/WECC Event Analysis and Engineering
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VTR Plant Controller Interactions Persist 0 ( ( =>?7@?==+II*1*#%
RELIABILITY CORPORATION Frequency Ride_Through (FRT) F
Rate-of-Change-of-Frequency (ROCOF) Ride-Through F
K'3%.L*(6&,8M;"LM(CK6 F N/
_ 220 Transient Overvoltage Ride-Through F
3 200 Bulk System - . .
2 150 Fault Occurs Reliabilit Consecutive Voltage Dip Ride-Through F
% 160 { g y 6*/%";*(7"%1"%(+1%*;(K'3%.L*(6@M;"'LM F 1.&3
S 140 Voltage Drops Voltage Phase Angle Jump Ride-Through F
£ 10 Iyl Frequency F b IT: Watt =
B 100 Inverters Enter Momentary Cessation Support requency LToop 7 TTequeney wa
15:19:09 15:19:52 15:20:36 15:21:19 15:22:02 15:22:45 15:23:28 @ Fast FrequenCY ReSponSG / Underfrequency FFR F
Plant Controller Pauses Control Inertial Response Overfrequency FFR G
Example: Plant with Legacy Inverters 4 Return to Service (Enter Service) F
Fault CI
e Momentary cessation settings: s t@C e Black Start G
A it g e et ho 0 B TS b ifareltcovers Dynamic Voltage N4#.J&$(K'3%.L*()"11";% Q.3.4%*, F 1.&3
* Delay to recover: 1.020 sec & Support 0" *#%(<H#P*$%&'#(,"; &#L R#2.3.#%*, F 1.&3
= R :8.2%/ .
e Ex :::ZV:Zc:::rrat:o re-s;cisturbance in about 13-14 Rlant Eontroller Regains Contral Abnormal Frequency Trip =
P ytop ) Rate of Change of Frequency (ROCOF) Protection G
seconds = Protection .
. . Plant Controller Limits Inverter Recovery : Abnormal Voltage Trip G
e Plant requires about 4 minutes to restore output Functions and B
L AC Overcurrent Protection G
Coordination - - - - -
o o ) Unintentional Islanding Detection and Trip G
e Systemic issue seen across many facilities — big and small, old and new Interconnection System Protection G

19 RELIABILITY | RESILIENCE | SECURITY

$%%%& (&, 2MGA,242<.;:&'BBD @&.8&.92&$7Q&BD!<.R

1 o
> Momentary cessation occurs above 10% pu voltage \ $70&GA=870Q&BDI<.&38<. 8DD2,&1S&T:GBBD242<.ID&$TQ&:

> Plant controller slows restore output after fault beyond 1 s
* with exception of ‘current injection during VRT” which applies to IBR unit
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Focus Today:
Primary Frequency Response, Fast Frequency Response,
Frequency Ride-Through, RoCoF Ride-Through, etc.

ongoing assessment: please provide feedback at jpoemer@epri.col
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Example: Two PV plants in an existing strong network

30.0 MW
5.79 Mvar

13.5 MW T

5.79 Mvar

39.0 MW
5.79 Mvar

14.89 MW
4.98 Mvar

Bus 13 T Bus 14
3.5 MW
1.8 Mvar
Bus 12
Bus 11
= 2949MW
Bus 10 T @ 16.59 Mvar
11.19 MW
Bus 6

7.59 MW

Bus 1 1.59 Mvar
VAN

..|||H l_

JBAIN Z)

4779 MW
-3.9 Mvar

Bus 2 J7 Bus 3
KLL.:M! 21.69 MW
12.69 Mvar
PV2

94.2 MW
18.99 Mvar

= Each 200 MVA PV plant is a full switching model*
= Frequency control with 17mHz dead band and 5% droop at inverter level

JBAW Z )

Active Power (MW)

= Comparison with 1pu/s and 10pu/s ramp rate on active power command

"https://www.pscad.com/knowledge-base/article/521

43 - This is an ongoing assessment: please provide feedback at jpoemer@epri.com

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

164 -

162 -

160 -

158 -

156 -

154 ~

152 -

150 -

Poutput -- 10puy/s
Pref - 10pu!5
Poutput -- 1pu/s

Pref == 1pufS

I
3.2 3.4 3.6 3.8 4.0

Time (s)

2.6 2.8 3.0

\
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Source behind resource may influence delivery of response

! !"#$%"&'()*&+",$%()I"(*%$)'"g 160 -
(" 0+H*"&'1(2*8&$0"23))(*" % v e
n n I o — PV1--10pu/s
S ARFREHH("RABHI2(IT ¢ | i ,
b —— PVi--5pufs
| 83&*+6HAOS&2("$0")+4,")+*("
HE&ALH"6)&'5"+6P3*" A HO6H# (" F o1
| o 641
N M
£ 60+ Ayﬁ — -
<O+ (8e( "HS%&" (), %. &) &) | T s / N\
O/&)!nl&'O&' E 56 100% IBR network formed 10% load increase
$*&&-)1-.(>*1(&Y67-)*&-(1@"-) ()*+, ()*&-.(*.(%, ,%.-2( -0 -2 Py > +0
&%(Al12(&0)B!1-.
\ J | GDDH$IIKS.(0>"#=$5#(&0(/$8&0$0LCML
| 9%"&J$-.5#(&2($8&0$0LNMD2
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Lower ramp rate requires more responsive resources

| S ()" ("Y0) "+ (H)*N0&( _ > / \
- /+01(O"+) "&($+(*(2334( % 140 - _/ -
5*27}(*,2;?; 0:89)(&'8-( Fuo B,
Y % 100 - ~ )
| 7 /$ #(<|| |( #n/ O#()"( < :_;“‘
" '() O +>'($+(+->1(  _ |
0/' % 60.4 / ;?)Zi'?g,;ease " Load decrease
L @+1(,"-<(",(567 5 =+ network in 100% IBR
’_@A$(§'BO"(+)(_"&((()*+(;*A'( i;, 60.2 L:_ network\ P |
S+ (F<=(-4) (&S<$)H  E° M
£ 59.8 '“
4 6 8 10 12 14
3+,%)&*1&(&%()->%@1!J-(&'!.(1:(1-A-) (3$K . Time (s)
" H#-(&%(*22!&1%1*??L(.0,,%)&(%?2-)(3$K. [ C,0D.EFA%(5G(,2*1&.(%:(688(<GH(-*>' J
6,0D.EF")--(5G(,?*1&.(%:(188(<GH(-*>'
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Primary Frequency Response

ERCOT - Nodal Protocols: 8.5 Primary Frequency Response

Requirements and Monitoring

(2

[NPRR863, NPRR989, NPRR995, and NPRR1011: Insert applicable portions of paragraph
(2) below upon system implementation for NPRR863, NPRR989, and NPRR995; or upon
system implementation of the Real-Time Co-Optimization (RTC) project for NPRR1011:]

Generation Resources and ESRs that do not have an RRS or Regulation Service
Ancillary Service award shall set their Governor Dead-Band no greater than +0.036 Hz
from nominal frequency of 60 Hz. A Generation Resource or ESR that widens its
Governor Dead-Band greater than what is prescribed in Nodal Operating Guide
Section 2.2.7, Turbine Speed Governors, must update its Resource Registration data
with the new dead-band value.

ERCOT - Nodal Operating Guide: 2.2.7 Turbine Speed Governors

ERCOT - NOG: Section 8, Attachment C, Turbine Governor Speed Tests

>2-'-4,'04'25.40)-1-) 4@ ?2-446@;'*6,-I' 2-'40: %' A-253-4'+2 O<L'BEYI&"# ()6’ 2-' 2% 2@;* )’
BC'?5.,/0A@,05.'04")-,0<-/-}+" +-#./#8%601-28%,2-  3%&A1-&YoH+&H5!+-"1+- Y 2HRLEBB.*;'

7(#&%01-2&

Table 1: Maximum Governor Dead-Band Settings
Resource Type Max. Deadband
Steam Turbines with

Mechanical Governors e AE R
Hydro Turbines with Mechanical Governors +/- 0.034 Hz
All Other Generating

Units/Generating Facilities/ESRs e W7
Controllable Load Resources +/- 0.036 Hz

Table 2: Maximum Governor Droop Settings

Max. Droop %

Generator Type

Setting
Combustion Turbine (Combined Cycle) 4%
All Other Generating
Units/Generating 50
Facilities/ESRs/Controllable Load :
Resources

BYSBESH
R |

(O*+,-)*.)"/-+/0.,-)'10,2'+-/304405.'6/53'

"R 7'85+0/0:2, 1" $&$ST7'(;;1/0:2,4'/-4-]<-)

IEEE 2800 - 6.1 Primary Frequency Response (PFR)

Prin e The PFR capability shall meet the performance requirement as shown

Frequency (f)

Over-Frequency

P

pre

Pre-disturbance
Active Power

Continuous and mandatory operation region for frequency & voltage.

. J Active
)y (]
dbo; 1 [ i Power (P)
fnom . y $ 2 ‘ 1 ’: %

1 ; i

— LT ; 1 i IR

. : Slope - 1 (or ISR)

f I Example ! Sk .
1 Under-Frequency
: P P

ICR: Interconnection Continuous Rating

Y P42'(.QL.-5("1/1(+1$1+3+"45421'1,;.,%.2(.+(,
Y RB4$*(.1$.?NH.5'4$,.5%8&(0.%3,53,.+4:.$%,.2(.0(1310().,%.
2(*0(4,(0.,B4$.+4G1+3+.04+5.04,(.%/.5'4$,

Y >B%3").2(.4-./4-,.4-.,("B$1"4";./(4-12'(
Y QS+TWBVW+T4)24$) &1,B.KX6SX.)0%%5

&'
l)-
[
!

N3'#.>:- (+
H(1421'1,;
o)
FO(I3($";
>355%0),

0+
10.-.12+3++4)
"HSHYoRH
)+, +
x40
#12'
3%,
445627+
grrky!
"5 4]0
#12

Table 8—Parameters of active power-frequency response dynamic performance

rise time
(10-90%)

1"#$%&'()*+',%-."/000'1233'4%* 5'678')4&9&.:&%232;+

for IBR plant
Parameter Units Default value Rr{nges of available Se”f L
Minimum Maximum

Reaction time Seconds 0.50 0.20 1

(0.5 for WIG)
Rise time Seconds 4.0 20 20

(4.0 for WTG)
Settling time Seconds 10.0 10 30
Damping ratio Unitless 0.3 0.2 1.0
Settling band % of change Max (2.5% of change or 0.5% of ICR) 1 5

ERCOT < IEEE 2800: raise to 2800 and specify shorter PFR response times?

46 - This is an ongoing assessment: please provide feedback at jpoemer@epri.com
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Fast Frequency Response

"#$%& ()&*&+,-./.0.1/2&3/4&5671/892:&;,<=><*&",2?1/12.@,&",2,7@,
A7@.6,:&;,<=B&",21C76,&D.9.02&./&)71@.4./E&5A:&B<=<=<=&5/6.
A 7@.6,&GC3F.-.630.1/&3/4&%,20./E

I Fast Frequency Response (FFR): The "#$%!#&'()*+;.*/+$0%*1#(@and !
provision by a Resource of their obligated 2*)/$1)*(3&#4&1(56('0'+%fter
frequency meets or drops below a preset threshold, or a deployment in

response to an ERCOT Verbal Dispatch Instruction (VDI) within 10 minutes. 8
Resources capable of automatically self-deploying and /2$7&.&18heir ,"++ § ~,
Ancillary Service Resource 9%)/$1)&:&+&#0(3&#4&1(56('6fte) frequency QY
meets or drops below a preset threshold and sustaining that full response S Y
for at least 15 minutes may provide Responsive Reserve (RRS). (Section 2) ? N
I RRS may be provided by resources capable of providing Fast Frequency g ]
Respo;\se (FFR) and )")#1&1&18(#4*&2(2*)/$1)*(,$2("/(#$(56(%&1($Qtion < =
3.17.2 b
o
o
I The &1&#&#&$1()*#Bf&A8 automatic self-deployment of the Resource I
providing RRS as FFR must be 1$(+$3*2(#4!1(6;<=6(>TSection 3.18) Z =
I A Resource providing RRS as FFR that is deployed shall 1$#(2*'1++(&#)('I/!" &#O(;+ S
"1#&+()0)#*%(, 2*@"*1 0(&)(82*1#*2(#4!1(6;<;t8e®ion 3.18) §£ !
I Once recalled, a Resource providing RRS as FFR must 2*)#$2%ts ,"++(99A( 3
Ancillary Service Resource Responsibility 38#4&1(56(%&1"#tdr cessation % : |
of deployment or as otherwise directed by ERCOT. (Section 3.18) % |

I Resource’s response )4!++(1$#(:*(+*))(#4!1(;6B($,(#4*(2*@"*)#*.(CD(
deployment, nor more than 105% of the lesser of the Resource’s RRS award
or MW deployment (8.1.1.1). :

N3'#.>:- (+

H('1421'1,;
@)
FO(I3($";
>355%0,
&"()*)'+
)-.10.5.12+3*+4)
! "HEHY&H'
ope mn . n ) ) ' (#)*+|*+'
All IBR shall have FFR capability I';("#,*; @*S"*#$4($'#,&%&'#/ kg pR]O*
84%0+6+0#99:#3%;<+3%5%-"&#613#=+-2#><3?+-%#@%-%3!"13#A=>@QB gg}f-
19%;<+3%65%-"#6 1 SHIBIWIRY6o-OE#+-#6<"<3Y6H3%C+&+1- , aeoerr
Utilization of FFR capability of IBR plant /M.33(#'%(2*(*#.23*,(24(,*1."3% ;#i—;+.+*/0*
FFR capability may be deployed for the purposes of ancillary service offering
:%;<+3%5%-"& RS S Y 70T S W) Yor - T
'!..#., ™ "y B () Jra I H&! W&y
" 5 5 )%

DDE'?*+*A0;0,9'42%;;'A1€"1-151<&#6<-0"+1-

>2-'99:#3%&41-&Yo#"¥HYH0;0,9F ' 42%;; \BF<&"17$%#" 1#-1#G3%!"%3#" |- #.48060,1390..',2-'
/-*?,05.",03-'65/',/0::-/0..'DDE

>2-'[-4+5.4-'42%;;'A-' &"1?$%.)'*.9'6470;;*,05.4'42%;;'A-'+540,0<-;9)*3+-)'10,2'*2!54+-G#3!"+ 1 #16#
(H7#13#?%""%3

G A% )')*34-) [-A+5 A-'42%;;! *H-"+[-7-)- 2-'5<-['[-4+5 4 03-

HE'+;*.,'42%; ' A-"2*+*A;-'56' &<&"I+-+-G#IBBH#*4",5.:*4" 2-'1|[E'+;*.'-.-[:9'[-45@/?-'04"*<*0;*A;-'
5'@.,0;'4@++;*.,-)'A9'+/03*/9F'4-?5.)*/9'5/',-/,0*/9'6/-I@-.?9'/-4+5.4-F'120?2-<-/'04";-44'

(?,0<-'+51-/'/-4+5.4-"Y@/0.:'DDE™*?,@*,055!E#"%54 1 3!3+$E#%I0%%2#",%0# IK #01-"+-<1<&#3!"+-GH#
AJL:BHD&,1$$#-1"#%I 0% % 24", %o# IKEB&IBE3!"+-G#AJI8:B

DDE™*.)’KDE'3*9"*?,@%*,-'0.)-+-.)-.,;9'6/53'-*?2'5,2-/'5/'3*9'?53+;-3-.,'-*?2'5,2-/

ERCOT < IEEE 2800: raise to 2800 and make FFRfor UF capability mandatory?
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IEEE 2800 Terminology

NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

| | Not defined
Utilizing the Excess Capability of BPS-
Connected Inverter-Based Resources
Frequency Support

NERC Inverter-Based Resource Performance Working Group (IRPWG).
White Paper

September 2021

Steady-State Interconnection Limit (SSIL)

Short-Term Interconnection Limit (STIL)

The Federal Energy Regulatory Commission (FERC) issued Order No. 842 in 2018, amending the pro forma
Large Generator Interconnection Agreement (LGIA) and Small Generator Interconnection Agreement (SGIA)
to require all “newly interconnecting large and small generating facilities, both synchronous and non-

NERC White Paper IEEE 2800

Available Active Power (Pavl)

IBR Continuous Rating (ICR)
IBR Continuous Absorption Rating (ICAR)

IBR Short-Term Rating (ISR)

synchronous, to install, maintain, and operate equipment capable of providing primary frequency response
(PFR) as a condition of interconnection.”* On the same subject, NERC recently published a white paper, Fast

Frequency Response Concepts and Bulk Power System Reliability Needs,? in March 2020 describing the C 1 . IC R P I
interrelationships between primary frequency response (PFR) and fast frequency response (FFR). This work a Se " > a V

extends on the FERC Order NO. 842 and the NERC white paper and recommends leveraging PFR and FFR

Case 2: Pavl > ICR

capabilities from inverter-based resources to the extent possible to support BPS frequency as an essential

reliability service. ISR = IBR temporary, short-term active power rating

Specifically, inverter-based resources operating at their maximum contractual agreement, also referred to

as the steady-state interconnection limit (SSIL), may be able to support the grid during underfrequency . 5
events beyond their SSIL. This situation is most likely to occur in ac-coupled® hybrid plants (i.e., the Pa | aggregate active power nameplate of IBR units
combination of battery energy storage and wind or solar PV) or in standalone wind, solar PV, and battery g g

energy storage plants where additional capacity is available but not presently utilized due to the SSIL

constraints imposed by interconnection agreements. It should be noted that this paper only focuses on the

excess capability of inverter-based resources that is limited by the SSIL; it does not consider the short-term I< R n IBR Steady State, Continuous aCtive
overload capability of individual inverters. power rating,
By establishing a short-term interconnection limit (STIL)* in interconnection agreements, inverter-based - registered with TEPS or AGIR

resources with excess active power capability beyond SSIL can use this capability to better support the grid - configured by plant controller
frequency. However, once the system frequency recovers to nominal, the MW output of the plant should

* hittps-/jwww.nere com/FilingsOrders/us/FERCOrdersRules/E-2_Order%200n%20Primary320Frequency®20Response odf
2 "White Paper: Fast Frequency Response Concepts and Bulk Power System Reliability Needs,” March 2020:
https-//www.nere com/comm/PC/inverterBased® 20Resource’20Performance® 20Task% 20Force%20IRPT/Fast Frequency Response Conce
pts and BPS Reliability Needs White Paper.pdf

®  primary source of energy
PaVI limitations

3 De-coupled hybrid plants can be deemed similar to the standalone IBR facilities for the topic of this paper. ™ IBR u nitsl se rvice status

4 A similar concept is also introduced in IEEE P2800 standard. However, there are some differences. A prudent reader is encouraged to refer
to the IEEE P2800 standard to fully understand the similarities and differences
https-//standards ieee org/project/2800 htmilh:~text=1EE E%20P2800%20%2 0% 20EEE %200raft320Standard Associated%20Transmission%2

QElectricX20Power%20Systems

®  Operating mode

RELIABILITY | RESILIENCE | SECURITY PaCt - current priority mode
- curtailment

ISR m IBR temporary, short-term active power rating

® aggregate active power nameplate of IBR units
Pagg

Pav| ®  primary source of energy limitations

®  IBR units’ service status

ICR = IBR steady state, continuous
active power rating,
- registered with TEPS or AGIR
- configured by plant controller

P ®  Operating mode
aCt - current priority mode

- curtailment

NERC White Paper Available:

https://www.nerc.com/comm/RSTC Reliability Guidelines/White Paper IBR Hybrid Plant Fre

"#$$$"%& %%
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ERCOT > IEEE 2800: adopt and exceed 2800 with specification of V/Hz values?
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Discussion
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Focus at Next Meeting:
Requirements in
Scope of Transmission Service Provider (TSP)
and not of ERCOT
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TogetherEShaping the Future of Energy !
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Other Requirements of IEEE 2800
by Mutual Agreement (Optional)
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