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From: Julia Matevosyan, ERCOT – Introduction
Session 3: Grid Forming Inverter Research 
Landscape, ESIG 2021 Spring Technical Workshop

Why We Are Here.

Adequate Technical Minimum Interconnection Requirements Can Be One Answer

From: Ryan Quint, NERC – IRPWG Update
Session 4: The Advent of the Inverter Based System, 

ESIG 2021 Spring Technical Workshop

From: Mahesh Morjaria, Terabase Energy – P2800 Update
Joint Industry Webinar hosted by SEIA and ACP (AWEA) 

February 2021

http://www.epri.com/
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Continuation Model Development, Improvement, and 

Validation of Inverter-Based Resources

Unit Performance 
Verification

Standards
- IEEE P2800.1/.2
- IEEE 1547.1
Laboratory  Testing
- Unit level
Certification
- UL 1741 | SA | SB

Performance 
Requirements

Interconnection standards
- IEEE P2800
- IEEE 1547
Interconnection requirements
- Transmission
- Distribution

Plant Performance Verification
Standards
- IEEE P2800.1/.2 | P2882
- IEEE 1547.1
- NERC MOD (revised)
Design Evaluation
- Plant level
- May use detailed / proprietary (EMT) models

Studies

Interconnection studies
- Utility Model (local)
Integration studies
- System Model (regional)

Events

Bulk system resources
- Post-commissioning 
performance monitoring
Distributed energy resources

Generic Models

Public specs (white box)
Available in all software 
Configurable (plant specific)
- Modular control blocks
- Control parameters

http://www.epri.com/
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Summary of IEEE P2800 Draft Standard

▪ The draft standard harmonizes Interconnection 
Requirements for Large Solar, Wind and Storage Plants 

▪ It is a consensus-based draft developed by over 
~175 Working Group participants from utilities, system 
operators, transmission planners, & OEMs over 2 years

▪ You can further influence the draft standard by

1) providing comments via IEEE Public Review (ends on May 9, 2021)

2) supporting adoption of the standard

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

http://www.epri.com/
https://sagroups.ieee.org/2800/
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What to expect from IEEE P2800?

Provides Value
– widely-accepted, unified technical minimum requirements for IBR

– simplification and speed-up of technical interconnection negotiations

– flexibility for IBR plant developers ➔ not an equipment design standard

Specifies
– performance and functional capabilities and not utilization & services

– functional default settings and ranges of available settings

– performance monitoring and model validation

– type of tests, plant-level evaluations, and other verifications means, but 
not detailed procedures (➔ IEEE P2800.1 and/or P2800.x)

▪ Scope

– Limited to all transmission and sub-transmission connected, large-scale 
wind, solar, energy storage and HVDC-VSC

http://www.epri.com/


© 2021 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m6

N
A

R
U

C
 /

 

S
ta

te
 P

U
C

s
?

F
E

R
C

 /
 

N
E

R
C

?

Transmission

Sub-
Transmission

Distribution
(for DER)

How IEEE P2800 May Complement North American Electric 

Reliability Standards & Guidelines

• FERC Orders

• NERC Reliability Standards 
& Guidelines

• Not available

•NERC compliance 
monitoring & enforcement

Performance
Test & Verification & 

Model Validation

•Not available

IEEE 

P2800

• IEEE 1547-2018

• IEEE 1547a-2020 ✓

IEEE 

P2800.1 

and/or .2

When adopted by the appropriate authority (e.g., Transmission Owners, NERC, FERC), 

IEEE standards become mandatory

•IEEE 1547.1-2020

•Ul 1741 (SB)

•IEEE ICAP
✓

http://www.epri.com/
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IEEE P2800 Consensus Technical Minimum Capability Requirements

General 
Requirements

Measurement 
accuracy

Controls 
Prioritization

Control 
responses

Applicability 
to Diverse 
IBR Plants

Frequency 
Response

Fast 
Frequency 
Response

Primary 
Frequency 
Response

Reactive 
Power 

– Voltage 
Control

Q for voltage 
control at 
zero active 

power

Automatic 
Voltage 

Regulation 
Functions

Reactive 
Power

Power 
Quality

Harmonic 
Voltage 

Limitations

Prevent 
Transient 

Overvoltage

Harmonic 
Current 

Limitations

Phase 
Unbalance

Rapid Voltage 
Change

Flicker 
Limitations

Ride-Through 
Capability and 
Performance, 

Protection

Unbalanced 
Current 
Injection

Balanced 
Current 
Injection

Voltage Ride-
through

Frequency & 
Phase-jump 
Ride-through

Coordination 
Of Protection

Modeling & 
Validation, 

Measurement 
Data, and 

Performance 
Monitoring

Process and 
criteria for 

model 
validation

High Fidelity 
Performance 
Monitoring

Validated 
Models

Tests and 
verification 

requirements

Post-
commissioning 

Monitoring

Plant-level 
Evaluation & 

Modeling

Commissioning 
Tests

Type tests

Raising 

the 

minimum 

bar

Utilization of these capabilities is outside the purview of P2800

TS owner

can require

additional

capability

>99% 
Approval
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© 2021 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m8

Anticipated Timeline, and What Comes Next?

As soon as IEEE P2800 has been successfully balloted, the drafting of conformance 
procedures will commence in projects like IEEE P2800.1, P2800.2, and P2882.

P2800
WG Drafting

in Parallel 
SubGroups

Initial 
Sponsor 

Ballot
Recirculation

Submit to 
RevCom

Publication

P2800.1

entity
project

WG Drafting
in Parallel 

SubGroups

Balloting & 
Publication

P2800.2

individual 
project

Kick-off
WG Drafting 

in Parallel 
SubGroups

Balloting Publication

Related 
activities

IEEE 1547.1 
is published

NERC IRPWG 
Guidelines

NERC SARs IEEE P2882 …

Jan 2019-

Dec 2020 Q1/2021 Q2/2021 Q3/2021 Q4/2021 2022 2023 2024

http://www.epri.com/
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IEEE P2800 Clause 12 (Test and Verification) Framework

Where’s the 
reference point of 

applicability (RPA)?

What’s the 
requirement?

Required path to 
verification

Category of test and 
verification needed

PCC 

or 

PoC

Post-

commissioning 

model validation

Periodic 

test or 

verification

Post-

commissioning 

monitoring

Commissioning Test
Post-

commissioning 

monitoring

Periodic 

test or 

verification

Require-

ment

Voltage 
Control

Path 
to Verifi-

cation

Plant-Level 
Testing

Ride-
Through

Plant-Level 
Modeling

Validated 

Unit Model(s)
Plant-Level

Model(s)

Type tests IBR 

evaluation2

(IBR units) (Design & As-Built)

http://www.epri.com/
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IEEE P2882

(acceptance criteria)

EPRI Research; PV-MOD

EPRI Guidelines
NERC Reliability Standards

EPRI Research; not in PV-MOD

FERC  LGIP/SGIP
NERC Reliability Guidelines

PV-MOD 2.8.1

IEEE P2800.2 Test Methods 
and Evaluation Procedures

A Potential Future? One Streamlined Model Application 

Example
• Verify combination of units and plant 

comply with interconnection requirements 

• May require some grid data at RPA

➢Likely requires detailed equipment models, 
e.g., black-box EMT model*
*validated based on unit type test measurements

Step 1: 
Interconnection 

Request

Verification of 
Plant Performance

• Verify plant operates stable with adjacent 
utility assets and other plants

• Verify plant meets utility criteria

➢May require detailed or reduced models, 
e.g., black-box or generic EMT model

Step 2: 
Interconnection & 

Periodic Review

Plant-Specific 
Grid Integration

• Assess regional and system-wide stability

• Plan transmission upgrades and reliability

➢Likely requires reduced models, e.g., 
generic RMS models

Step 3: 
Post-Commissioning 

Modeling

Transmission 
Planning Studies

Interconnection 
Capability and 
Performance 

Requirements

IEEE 2800, 1547
VDE-AR-N 41xx

Adequately 
Configured 

Generic Performance-
Based Models

RE__ models, 
DER_A model

✓ Verified Plant-
Level Capabilities 
and Performance

✓ System reliability 
assessment

✓ Transmission 
expansion plans

✓ Interconnection 
approval

Adequately 
Configured 

Hardware-Based 
Models

RE__ models, DER_A 
model

http://www.epri.com/
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Questions & Answers | Discussion

▪ Would IEEE 2800 apply to offshore wind 
plants?

▪ Clarify “nature” of ride-through 
requirements?

▪ Is fast frequency response capability needed 
for all IBRs?

▪ How could a plant-level performance 
verification look like?

▪ Why are there no requirements for IBR 
interconnection to low system strength?

▪ …
Contact: Jens Boemer

jboemer@epri.com | 206.471.1180

http://www.epri.com/
mailto:jboemer@epri.com
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Together…Shaping the Future of Electricity

http://www.epri.com/


© 2021 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m13

IEEE-SA Sponsor Ballot & Public Review

• IEEE SA Ballot Group invitation was sent to >2,500 subject 
matter experts within IEEE societies and their committees

• Formed a balanced ballot group with 466 balloters

• Initial ballot ends on April 10, 2021, draft is available to balloters on 
myProject at https://development.standards.ieee.org/

• Public review ends on May 9, 2021, search for “2800” at 
https://publicreview.standards.ieee.org/

• More information is available on the P2800 website at 
https://sagroups.ieee.org/2800/members/

• Upcoming Milestones:

Milestone: SA Initial Ballot 

+ Public Review

March 10, 2021 (31 days for SA ballot, WG/CRG resolves 

comments, 60 days for public review)

Recirculation 1 June 2021* (10 days + comment resolution)

Recirculation 2 July 2021* (10 days + comment resolution)

Recirculation n-th Aug 2021* (10 days + comment resolution)

Milestone: Submission to 

RevCom

Aug 13 / Sep 10 / Oct 18, 2021*

Milestone: Publication December 2021*

▪

▪

−

TOP 10 Balloter Groups (n=466)

1. Consulting (25%)

2. General Interest (14%)

3. Other (11%)

4. Producer – System / Manufacturer (8%)

5. Research (6%)

6. Service Provider – Design Services (5%)

7. Producer – Component (5%)

8. User – Industrial (5%)

9. Academic – Researcher (4%)

10. Government (3%)
466 Balloters

http://www.epri.com/
https://development.standards.ieee.org/
https://publicreview.standards.ieee.org/
https://sagroups.ieee.org/2800/members/
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Function Set Advanced Functions Capability
IEEE 1547-

2018
IEEE

P2800

General
Adjustability in Ranges of Allowable Settings ‡ ‡

Prioritization of Functions ‡ ‡

Monitoring,  
Control, and 
Scheduling

Ramp Rate Control

Communication Interface ‡ ‡

Disable Permit Service 
(Remote Shut-Off, Remote Disconnect/Reconnect)

‡ ‡

Limit Active Power ‡ ‡

Monitor Key DER Data ‡ ‡

Remote Configurability ‡ ‡

Set Active Power ‡

Scheduling Power Values and Models √

Reactive
Power

&
(Dynamic) 

Voltage
Support

Constant Power Factor ‡ ‡

Voltage-Reactive Power (Volt-Var) ‡ ‡

Autonomously Adjustable Voltage Reference ‡

Capability at zero active power (“VArs at night”) ‡

Active Power-Reactive Power (Watt-Var) ‡

Constant Reactive Power ‡ ‡

Voltage-Active Power (Volt-Watt) ‡

Dynamic Voltage Support during VRT √ ‡

Unbalanced Dynamic Voltage Support during VRT ‡

Function Set Advanced Functions Capability
IEEE 1547-

2018
IEEE

P2800

Bulk System
Reliability

&
Frequency

Support

Frequency Ride-Through (FRT) ‡ ‡

Rate-of-Change-of-Frequency Ride-Through ‡ ‡

Voltage Ride-Through (VRT) ‡ ‡

Transient Overvoltage Ride-Through ‡ ‡

Consecutive Voltage Dip Ride-Through ‡ ‡

Voltage Phase Angle Jump Ride-Through ‡ ‡

Frequency-Watt ‡ ‡

Fast Frequency Response / Inertial Response √ ‡

Return to Service (Enter Service) ‡ ‡

Black Start √ √

Protection & 
Power Quality

Abnormal Frequency Trip ‡ √

Abnormal Voltage Trip ‡ √

Unintentional Islanding Detection and Trip ‡ √

Limitation of DC Current Injection ‡

Limitation of Voltage Fluctuations ‡ ‡

Limitation of Current Distortion ‡ ‡

Limitation of Voltage Distortion √

Limitation of (Transient) Overvoltage ‡ ‡

Test, 
Verification, 
Modeling & 

Measurements

Provision of Verified Models (‡)

Collection of Measurement Data (‡) (‡)

Type Tests (‡) (‡)

Production Tests (‡)

Plant-Level Design Evaluation (‡) (‡)

Commissioning Tests (‡) (‡)

Model Validation (‡)

Performance Monitoring (‡)

Periodic Tests (‡) (‡)

Periodic Verification (‡) (‡)

Legend:
X Prohibited, √ Allowed by Mutual Agreement, ‡ Capability Required, 

(‡) Procedural Step Required as specified, ∆ Test and Verification Defined

Comparison of P2800 Initial Ballot Draft with IEEE 1547-2018

http://www.epri.com/
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Clause 12 (Test and Verification) Framework

Potential Benefits

▪ Raising the bar of existing plant-level 
capability and performance verification 
procedures.

▪ Reducing the uncertainty of plant-level 
performance.

– The smaller the grid, the higher the impact of 
uncertainty.

▪ Improve the validity and accuracy of 
plant-level models and their 
parameterization.

Potential Challenges

▪ Does not replace engineering judgement 
and experience.

▪ Could create a false perception of 
modeling accuracy.

▪ Finding the right balance between 
standardization and flexibility.

Way forward

▪ Recommended Practice

▪ IEEE P2800.2 and P2882

http://www.epri.com/
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Related IEEE Standard Association activities

P2800.2: Recommended Practice for Test and 
Verification Procedures for Inverter-based Resources 
(IBRs) Interconnecting with Bulk Power Systems 

▪ Type: recommended practice, individual project

▪ Sponsor(s): IEEE/PES/EDPG+EMC+PSRC+AMPS

▪ Tentative timeline: June 2023 (initial ballot), Dec 2023 
(RevCom approval)

▪ Scope: recommends leading practices for test and 
verification procedures that should be used to confirm 
plant-level conformance of IBRs interconnecting with BPSs 
under IEEE Std 2800. 

– complements the IEEE 2800 test and verification framework 
with specifications for the equipment, conditions, tests, 
modeling methods, and other verification procedures

– may specify design and as-built evaluations procedures for 
verification of plant-level capabilities and performance

– may also specify verification procedures for IBR plant-level 
generic models applied for different time frames including S/C 
models, RMS models, and EMT models

P2882: Guide for Validation of Software Models of 
Renewable and Conventional Generators for Power 
System Studies

▪ Type: guide, individual project

▪ Sponsor(s): IEEE/PES/AMPS+EMC+EDPG

▪ Tentative timeline: Dec 2021 (initial ballot), Dec 2022 
(RevCom approval)

▪ Scope: guidelines for the validation of software models for 
renewable and conventional generators used for power 
system studies. 

– … ‘validation’ is a procedure and set of acceptance criteria ... 
to confirm that the models perform well numerically and 
provide the intended response(s).

– does not cover … validation of generator software models 
against field measurements and other types of site or factory 
tests

16

http://www.epri.com/
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DOE PV-MOD

This deliverable is, in part, supported by the U.S. Department of Energy, 

Solar Energy Technologies Office under Award Number DE-EE0009019 

Adaptive Protection and Validated MODels to Enable Deployment of High 

Penetrations of Solar PV (PV-MOD).

This deliverable is, in part, supported by the North American Electric 

Reliability Corporation (NERC) under EPRI contract 20011165 Inverter-

Based Resources Dynamic Response Characterization for Bulk Power 

System Protection, Planning, and Power Quality.

Resource 
Characterization

Existing Models

Lab Testing

Field Data

Gap Analysis

Model Development

Develop

Test

Verify

Stability

EMT

Protection

Power Quality

QSTS

Model 
Commercialization

Software Vendors

Validated; publicly available models for various types of studies, reports detailing the research, 
close collaboration with industry stakeholders (NERC, WECC, IEEE, etc.)

http://www.epri.com/


Additional IEEE P2800 Slides
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IEEE Standards Classification and Consensus Building

19

Standards
documents 

specifying mandatory 
requirements (shall)

Recommended Practices
documents in which procedures and positions 
preferred by the IEEE are presented (should)

Guides
documents that furnish information – e.g., provide alternative approaches for good 

practice, suggestions stated but no clear-cut recommendations are made (may)



Examples for Inverter-Bases Resources (IBR) Plants in scope

inverter

PV

ACDC

TS

POI

WTGs

AC

TS

POIAC

bidirectional 

converterESS

DC

TS

POI
AC



inverter

bidirectional 

converter

WTGs

ESS

PV

ACDC

DC

AC

Example hybrid IBR plant, ac-coupled in scope

TS

POI



Example hybrid plant: operated as a single resource in scope

bidirectional 

converter

WTGs

ESS

conventional 

generator or non-

IBR ESS

non-IBR

RPA

hybrid IBR plant

AC

AC

DC

AC

TS

POI



Approximately 300 Interested Parties and 175+ WG Members

23

Broad Collaboration & Coordination

• IEEE/PES/EDPG Main Sponsor

• IEEE/PES/EMC & PSRC Joint Sponsors

• HVDC-VSC Subject Matter Experts

• IEEE/PES/Substations Committee SMEs

• IEEE/PES/Analytic Methods for Power Systems 
(AMPS) SMEs

• NERC Inverter-Based Resources Performance WG 
SMEs

Project Sub-Working Groups

Sponsors

Liaisons

Joint 
Working
Group

Joint
Task
Force

ED&PG
Com

(Sponsor)

Wind and Solar PP 
Interc. & Design

SubCom

Wind and Solar Plant 
Interc.

WG

P2800 - Individual

(performance)

P2800.1 - Entity
(test & verif.)

EM Com
(Joint Sponsor)

RE Machines and 
Systems
SubCom

Wind and Solar Plant 
Interc. 

WG (Mirror)

PSRC Com
(P2800 Joint Sponsor, 

P2800.1 Liaison)

C - System 
Protection

SubCom

C.24 (Modeling) & C.32 
(Impact of IBR)

WGs

NERC IRPWG (Liaison)

PSDP
(Liaison)

Power System Stability 
Controls SubCom

WG on Dyn. Perf. of 
RES

Wind and Solar Power 
Coordinating Com 

(Liaison)

T&D
Com

(Liaison)

Distribution SubCom

Distributed Resources 
Integration WG

SCC21
(Liaison)

IEC

AMPS/VPSMGCS 
for P2882

Substation
Committee

Others?



Scope and Language of P2800 Requirements
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one alternate RPA: point of 
interconnection (POI)

collector
bus

main IBR 
transformer(s)

Default RPA: point of 
measurement (POM)

supplemental 
IBR device,

e.g., compensation

interconnection 
system

IBR unit,
e.g., inverter

collector system

transmission 
system (TS)

POC (EITHER)

IBR plant1

hybrid IBR plant2

hybrid plant3

+ other electric generating units and equipment, 
e.g., synchronous condensers,  synchronous generators, compensation

supplemental 
IBR device,

e.g., compensation

feeder(s)

Legend

1: inverter-based resource (IBR): 
any parts that are within the scope of 
this standard, including IBR plant, IBR 
units, supplemental IBR devices, 
feeders, collector bus, main IBR 
transformer, etc.

2: hybrid IBR plant: IBR with various 
resources like wind, solar, and/or 
energy storage systems

3: hybrid plant: only the IBR are within 
the scope of this standard

IBR unit,
e.g., string-

inverter

POC

supplemental 
IBR device,

e.g., power plant 
controller

IBR
tie line

RPA for a subset of requirements: 
POC: point of connection

IBR unit,
e.g., string-

inverter

supplemental 
IBR device,
e.g., string 
controller

IBR unit,
e.g., string-

inverter

+ wind, solar, and/or energy storage systems

Important Terms

▪ point of connection (POC)

− IBR unit terminals

▪ point of measurement (POM)

− IBR plant

▪ point of interconnection (POI)

− interconnection system

− IBR tie line

▪ transmission system (TS)

− Transmission

− Sub-transmission

▪ supplemental IBR device

− Compensation

− Plant controller

− Etc.



Scope and Language of P2800 Requirements
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In Scope

▪ “Shall” requirements for isolated IBR connected via 
dedicated HVDC-VSC link

▪ “May” requirements for non-IBR resources 
connected via dedicated HVDC-VSC link

Out of Scope
(no “shall” requirements, “may” at discretion of TS owner)

▪ Isolated non-IBR connected via dedicated HVDC-VSC link

− Manitoba Hydro: Pole 3 at Dorsey

▪ HVDC-VSC that connect two points in a synchronous area

▪ Any interconnections involving HVDC-LLC

transmission system

(TS)

DC Line2

AC-DC VSC

Converting

Station2

DC-AC VSC

Converting

Station2

One alternate RPA: point of

interconnection (POI)IBR plant

Isolated

IBR1,2

Isolated

IBR1,2

…

interconnection

system

IBR tie linecollector

system

collector

system

These would be the POMs of isolated AC-connected IBRs.

Default RPA: point

of measurement (POM)

1 Includes IBR units like type IV wind turbine generators

point of connection

(PoC)

2 May serve as a supplemental IBR device that is necessary for the IBR plant with HVDC-VSC to 

meet the requirements of this standard at the RPA



Voltage And Reactive Power Control Modes

26

The IBR plant shall provide the following mutually exclusive modes of reactive power
control functions:

⎯ RPA voltage control mode
⎯ Power factor control mode
⎯ Reactive power set point control mode

RPA voltage control

• Closed-loop automatic voltage control mode to regulate the voltage at the RPA

• Stable response & any oscillations shall be positively damped (>0.3 damping ratio)

• Capable of reactive power droop to ensure a stable and coordinated response

Parameter Performance Target Notes
Reaction Time <200 ms

Maximum  Step 
Response Time

As Required by TS Operator range between 1 s and 30 s

Damping Damping ratio of 0.3 or better



Reactive power (Q) capability at RPA vs Active Power
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Reactive power (Q) capability at RPA vs Active Power

28

ICAR: IBR continuous absorption rating 



Reactive power (Q) capability at RPA Vs Voltage

29



Voltage Ride-Through Capability
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V
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n
ta
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)

Cumulative Time (Seconds)

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

110%

Continuous Operation – Infinite time

Continuous Operation - 30 minutes

120%

Permissive 
Operation

Mandatory Operation

Mandatory 
Operation

1
.0

2
.0

3
.0 4
.0 5
.0

6
.0

0
.1

6

1
.2 2
.5

Wind Based Resources
(except for 500kV IC)

Mandatory Operation or May Trip

Mandatory Operation or May Trip

Voltage 
(p.u.) at POM

Operating mode/response
Minimum ride-

through time (s)
(design criteria)

V > 1.20 Mandatory Operation or 
May Trip

NA

V > 1.10 Mandatory Operation 1.0
V > 1.05 Continuous Operation 1800
V < 0.90 Mandatory Operation 3.00
V < 0.70 Mandatory Operation 2.50
V < 0.50 Mandatory Operation 1.20
V < 0.25 Mandatory Operation 0.16
V < 0.10 Permissive Operation 0.16



Voltage Ride-Through Performance

31

Type III WTGs All other IBR Units
Step Response 
Time

NA1 ≤ 2.5 cycles

Settling Time ≤ 6 cycles ≤ 4 cycles

Settling Band
Max of (10% of required 

change or 2.5% of IBR unit 
maximum current)

Max of (10% of required 
change or 2.5% of IBR unit 

maximum current)



Frequency Ride-Through Capability

32

Frequency 
Range (Hz)

% from 
fnom

Minimum Time (s)
Design Criteria

Operation

f1 , f4 +3, -5 299.0 (t1) Mandatory

f2 , f3 +2, -2 ∞ Continuous



Primary Frequency Response (PFR) of an IBR at RPA

33

Fr
e

q
u

e
n

cy
 (

f)

Active
Power (P)

0

PpreP

PPpre

ICR
(or ISR)

Example
Under-Frequency

Example
Over-Frequency

dbOF

dbOF

f

f

fnom

Pmin

• The PFR capability shall meet the performance requirement as shown

• Continuous and mandatory operation region for frequency & voltage.



Fast Frequency Response (FFR)
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FFR Capability of an IBR

• All IBR shall have FFR capability for
under-frequency conditions

• FFR capability may be deployed for
the purposes of ancillary service
offering

• The FFR response time capability,
shall be adjustable from 1 second or
below including the reaction time
for triggering FFR



Transient overvoltage ride-through requirements 
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Cumulative Time (ms)
3.0 15.0

1.8

1.7

1.6

1.5

1.4

1.3

1.2
1.6

Current 
Blocking 

permitted

may ride-through or may trip

Voltage 
(p.u.) at POM

Minimum ride-through 
time (ms)

(design criteria)
V > 1.80 See Note 1
V > 1.70 1.6

V > 1.40 3.0
V > 1.20 15.0

Over Voltage Ride-Through

• The IBR plant shall be capable to ride-
through the higher of each phase-
phase or phase-ground instantaneous
voltages except for voltage
magnitudes and cumulative durations
specified in Table and illustrated in
the informative Figure
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Time

X

Y

Z

Cumulative duration exceeding  magnitude threshold is the sum of periods X, Y, and Z

Example

 magnitude 
thresholds 

One fundamental-frequency period



Scope and Language of P2800 Requirements
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Scope of 
IEEE 2800

reference point 
of applicability (RPA)

IBR plant
a single IBR generating resource or 

energy storage system

inverter-based 
resource

in scope

generating resource(s)
wind, solar, etc.

in scope

energy storage system(s)

in scope

hybrid IBR plant
syn. mixed IBR plant

multiple IBR operated as one

generating resource(s)
wind, solar, etc.

in scope

energy storage system(s)

in scope

hybrid plant
multiple IBR and non-IBR resources 

operated as one 
by TS operator

inverter-based resource(s)

generation and/or storage

in scope

conventional 
resource(s)

out of scope

co-located plant
multiple resources operated 

separately by TS operator

inverter-based resource(s)

generation and/or storage

in scope

conventional 
resource(s)

out of scope



inverter

bidirectional 

converter

WTGs

ESS

PV

ACDC

DC

AC

Example hybrid IBR plant, ac-coupled

hybrid IBR plant: A hybrid plant that is comprised of only inverter-based resources or

energy storage systems. Syn. mixed IBR plant

•A common hybrid IBR plant combines renewable energy (solar PV or wind) and energy

storage systems.

•Two examples for hybrid IBR plants are shown in Figure 3. The requirements of this

standard apply to both ac-coupled hybrid IBR plants (couples each form of generation or

storage at a common collection bus after it has been converted from dc to ac at each

individual inverter) and dc-coupled hybrid IBR plants (couples both sources at a dc bus

that is tied to the grid via a dc-ac inverter).

Default RPA for hybrid IBR plant:

point of measurement

(POM)

TS

POI



Example hybrid plant

bidirectional 

converter

WTGs

ESS

conventional 

generator or non-

IBR ESS

IBR plant

RPA

non-IBR

RPA

hybrid plant: A generating or storage facility that is comprised of multiple types of

resources or energy storage systems controlled and operated as a single resource

behind a single point of interconnection (POI). Syn. hybrid power plant; Contrast:

co-located plant

• The resources in a hybrid plant may include conventional electric generating units

(such as fossil fuel-driven synchronous generators, hydro-electric generation,), and

inverter-based resources (such as wind, solar PV, energy storage systems).

Examples for other equipment in a hybrid resource includes synchronous

condensers and compensation not part of the IBR plant(s).

• The requirements of this standard only apply to the IBR plant(s) in a hybrid plant.

Other standards’ requirements may be applicable to the conventional generation

resources.

• The generating facilities may have a single main transformer with a common POM

and POI to facilitate operations as a single resource, but separate RPAs may be

required for the IBR generating facilities and the conventional generating facilities

to facilitate measurement of compliance to applicable standards.

hybrid IBR plant

AC

AC

DC

AC

Default RPA for hybrid plant:

point of measurement

(POM)

TS

POI



Example co-located plant : operated as separate resources in scope

bidirectional 

converter

WTGs

ESS

conventional 

generator or non-

IBR ESS

non-IBR

RPA

hybrid IBR plant

AC

AC

DC

AC

TS

POI



Example co-located plant

bidirectional 

converter

WTGs

ESS

conventional 

generator or non-

IBR ESS

Default RPA for IBR plant:

point of measurement

(POM)

non-IBR

RPA

hybrid IBR plant

AC

AC

DC

AC

Default RPA for co-located plant:

point of measurement

(POM)

co-located plant: Two or more generation or storage resources that are operated and

controlled as separate entities yet are connected behind a single point of interconnection

(POI). Syn. co-located power plant; Contrast: hybrid plant

•The resources of a co-located plant may require separate POMs behind the single POI.

•See Figure 4 for further details.

TS

POI



Example IBR plant with Sync. condenser as supplemental IBR device

WTGs

synchronous condenser

as a supplemental IBR device

IBR plant

AC

AC

AC

Default RPA for IBR plant:

point of measurement

(POM)

supplemental inverter-based resources device (supplemental IBR device): Any

equipment within an IBR plant, which may or may not be inverter-based, that is only used

to obtain compliance with some or all of the interconnection requirements of this standard.

NOTE 1—Examples include capacitor banks, STATCOMs, harmonic filters, protective

devices, plant controllers, synchronous condenser, etc.

NOTE 2— Supplemental IBR devices may meet or exceed applicable equipment

standards, as determined by an IBR plant design evaluation (see 12.2.3).

TS

POI


