
IEEE P2800—Standard for Interconnection and 
Interoperability of Inverter-Based Resources 
Interconnecting with Associated Transmission 
Electric Power Systems
JENS C. BOEMER, WG CHAIR*
BOB CUMMINGS, BABAK ENAYATI, ROSS GUTTROMSON, 
MAHESH MORJARIA, MANISH PATEL, CHENHUI NIU, VICE-CHAIRS
DIWAKAR TEWARI, SECRETARY & TREASURER
February 16, 2021 – IEEE SA Ballot Update

General Information for the Interested Public - https://sagroups.ieee.org/2800/

*Also Chair of the sponsoring ED&PG Wind and Solar Plant Interconnection Working Group (Link to Website)

This effort is, in part, funded by the Alliance for 
Sustainable Energy, LLC, Managing and Operating 
Contractor for the National Renewable Energy 
Laboratory (NREL) for the U.S. Department of 
Energy (DOE) under the DOE project “Accelerating 
Systems Integration Standards II (ACCEL II)” under 
the grid performance and reliability topic area 
focusing on the distribution grid. 

https://sagroups.ieee.org/2800/
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Outline – Joint IEEE-ESIG-PSERC-CURENT Webinar – February 16, 2021
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 Welcome by IEEE SA – 1 min.
– Jason Allnutt, IEEE SA

 Presentation by Jens C. Boemer (WG Chair) – 35 min.
– IEEE P2800: purpose, scope, schedule
– High-level review of selected draft requirements
– Potential adoption of IEEE 2800 in North America

 How to join the ballot group? (Step-by-Step Instructions) – 5 min.
– Malia Zaman, IEEE SA Staff Liaison

 Comments by hosting organizations – 4 min.
– Jason Allnutt, IEEE SA

– Jason MacDowell, ESIG 

 Q&A - 15 min.

– Raja Ayyanar, PSERC

– Yilu Liu, CURENT



Summary of IEEE P2800 Draft Standard
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 The draft standard harmonizes Interconnection Requirements 
for Large Solar, Wind and Storage Plants 

 It is based on consensus developed by over ~200 participants 
from all utilities, system operators, transmission planners, 
OEMs and others over 2 years

 You can further influence the draft standard by participating in 
the IEEE Ballot Pool – invitation closes March 3, 2021



Solar, Wind & Storage Interconnection Requirements 
– Status Quo
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Diverse & different requirements across 
responsible entities

Inverter-based resources are different 
from synchronous generators

Requirements may not be balanced

Source: https://www.natf.net/

https://www.natf.net/
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IEEE P2800 Objective: Filling Gaps in North American Interconnection Standards

• FERC Orders
• NERC Reliability Standards 

& Guidelines

• Not available

• IEEE Std 1547-2018

• NERC compliance 
monitoring & 
enforcement

Performance Test & Verification & 
Model Validation

• Not available

• IEEE 1547.1-2020
• Ul 1741 (SB)
• IEEE ICAP

IEEE 
P2800



IEEE 
P2800.1
and/or .x

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

Transmission

Sub-
Transmission


DER: Distributed 

Energy Resources

Distribution
(for DER)



IEEE Standards Classification and Consensus Building
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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)

IEEE 
P1547.2

IEEE 1547

IEEE 
P1547.9

IEEE 
P2800

IEEE 
P2800.1

IEEE 
1547.1

IEEE 
P1547.3

IEEE 
P2800.x



What to expect from IEEE P2800?
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 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 ≠ 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



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

Default Reference Point of 
Applicability (RPA) is 

Point of Measurement (POM)

inverter

PV

ACDC
TS

POIRPA
PV

Plant

WTGs

AC
TS

POIAC RPA
Wind 
Plant

bidirectional 
converterESS

DC
TS

POIAC
RPA

Storage 
Plant

POI: Point of Interconnection
TS: Transmission System



inverter

bidirectional 
converter

WTGs

ESS

PV

ACDC

DC

AC

Example hybrid IBR plant, ac-coupled in scope

TS
POIRPA

Hybrid 
Plant

Default Reference Point of 
Applicability (RPA) is 

Point of Measurement (POM)

POI: Point of Interconnection
TS: Transmission System



Example hybrid plant: operated as a single resource in scope

bidirectional 
converter

WTGs

ESS

conventional 
generator or non-

IBR ESS

IBR plant RPA

non-IBR
RPA

hybrid IBR plant

AC

AC

DC

AC

TS
POI

Default Reference Point of 
Applicability (RPA) is 

Point of Measurement (POM)

RPA

POI: Point of Interconnection
TS: Transmission System
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IEEE P2800 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

Capability
Required
in P2800

Raising 
the 

minimum 
bar

©EPRI

Utilization of these capabilities is outside the purview of P2800

TS owner
can require
additional
capability

>99% 
Approval



Voltage And Reactive Power Control Modes
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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 or better 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
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Reactive power (Q) capability at RPA vs Active Power
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0.3287: Equivalent to 0.95 PF

RPA: Reference Point of Application



Reactive power (Q) capability at RPA Vs Voltage

14ICR: Interconnection Continuous Rating
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Vc30-max

0.7*Qmin

<=30 Minutes

Continuous 
Operation

0.95

Continuous 
Operation

|Qmin | = 0.3287*ICR

0.90

|Qmin | = 0.3287*ICR

Vc-min



Voltage Ride-Through Capability
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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.
16 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
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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)

No specification of 
Current magnitude

Note 1: Initial response is driven by 
machine characteristics, & not the 
control system.

Slower response/settling time is permitted
with mutual agreement between TS owner and
IBR owner.

The 1-cycle time required for DFT (to derive phasor 
quantities) is included in specified response/settling time. 



Frequency Ride-Through Capability
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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
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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.

ICR: Interconnection Continuous Rating



Clause 12 (Test and Verification) Framework
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PCC 
or 

PoC

Ride-
Through

Require-
ment

Voltage 
Control

Where’s the 
reference point of 

applicability (RPA)?

What’s the 
requirement?

Required path to 
verification

Category of test and 
verification needed

Validated 
Unit Model(s)

Plant-Level
Model(s)

Type tests IBR 
evaluation2

Post-
commissioning 

model validation

Periodic 
test or 

verification

Post-
commissioning 

monitoring

Commissioning Test
Post-

commissioning 
monitoring

Periodic 
test or 

verification

Path 
to Verifi-
cation

Plant-Level 
Testing

Plant-Level 
Modeling

(IBR units) (Design & As-Built)



Anticipated Timeline to Publication
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P2800 Kick-Off
WG Drafting

in Parallel 
SubGroups

Initial 
Sponsor 

Ballot
Recirculation Submit to 

RevCom Publication

P2800.1 Kick-Off … … …
WG Drafting

in Parallel 
SubGroups

…
Initial 

Sponsor 
Ballot

Related 
activities

IEEE 1547.1 
is published

NERC IRPWG 
Guidelines

Possible 
NERC SARs IEEE P2882 IEEE P2800.x

Jan 2019
May 2019-
Dec 2020 Q1/2021 Q2/2021 Q3/2021 Q4/2021 2022

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



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

• Goal is to form a balanced ballot group by March 3, 
2021, with no one stakeholder group having 
dominance
• Follow instructions available on the P2800 website at 

https://sagroups.ieee.org/2800/members/
• General information on the (public) IEEE-SA ballot is 

available at 
https://standards.ieee.org/faqs/balloting.html

Milestone: SA Initial Ballot 
+ Public Review

March 4, 2021* (30 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*

Consensus =
 ≥75% Quorum
 ≥75% Approval

− WG Chair’s goal is ≥90%!
* tentative dates

https://sagroups.ieee.org/2800/members/
https://standards.ieee.org/faqs/balloting.html


IEEE SA Ballot – SA ballot group
MALIA ZAMAN
SENIOR PROGRAM MANAGER

IEEE STANDARDS ASSOCIATION
Presentation Date Feb 16th, 2021



Standards Development Lifecycle

This presentation provides an overview of Stage 4 of the standards development 
lifecycle –Balloting the Standard

23



AGENDA 
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1. Invitation  Process step by Step  
2. Balloting Flow Chart 
3. Public Review 
4. SA Ballot - Response & approval rate



MyProject Sign in
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• MyProject • IEEE SA Membership

https://development.standards.ieee.org/myproject-web/public/view.html#landing
https://www.ieee.org/membership-catalog/productdetail/showProductDetailPage.html?product=MEMSTDIND


Manage Profile and Interest
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If this is the first time you have signed in, you will be asked to add personal and professional info 
and preferences and to save the profile.



Menu – Click on Invitations/Ballots
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Click on the Menu bottom on the right, select Invitation/Ballots



Invitations/Ballot – All Invitations
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Click on the Open Invitations TAB, then click on the button that shows All Invitations to see all 
open invitations. 
If you have added interest for this project, it will show up in the my Invitations listing 



Join the BALLOT GROUP
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Click on Join the Ballot button on the right



Add your affiliation
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Add your affiliation, you can type it in or select it, next click on the select Classification button



AFFILIATION Confirmation SCREEN
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Confirm your affiliation by clicking ok



SELECT classification
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Select a voter classification that best suits your interest in this ballot. 



Submit Your selection For Voter Classification
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Scroll down the page the list and click on the submit button



Confirmation of joining SA Ballot
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A confirmation screen pops up to confirms showing you have joined the Ballot group

P2800

P2800



Confirmation on JOINING Ballot Group
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The Check indicates you have joined the ballot group successfully. 
When the Ballot is initiated  and once the invitation period closes, you will be informed to ballot on the 
document. Invitation is open for 30 days. 



Balloting Flow chart
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Please see section 6.10 of the myProject user guide for steps on how to Ballot 

https://app.box.com/s/xo7a5kwc3ku0xaxqyuoz8ou6xycyvgqc


Public Review Process Overview
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A 60 day Public Review period begins automatically with the opening of the SA Ballot
The IEEE SA Public Review process provides an opportunity for any interested party to submit comments on any 
eligible initial ballot draft, and obtain responses from the IEEE Working Group. 
All comments received from the Public Review period shall be considered and responded to. Public Review 
comments do not have votes associated with them. 
■ Consensus is not based on Public Review comments
■ Working Group/Comment Resolution Group will identify in their response if they have determined that they 

will make a change in the draft
■ If responses identify a change to the draft, the Public Review commenter can request a revised draft
■ Each public review commenter receives only their responses
■ As normally required, changes to the draft must be recirculated in a SA Ballot recirculation
■ All Public Review comments and responses shall be submitted to RevCom



IEEE SA Ballot consensus: Response & approval rate
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IEEE SA Ballot Consensus is achieved when:
 At least 75% of the ballot group voted (Response rate)
 The number of Approve votes is 75% or more of the total Approve and Do Not Approve (with Comments) votes. 

(Approval Rate)
 Fewer than 30% of the ballot group voted Abstain
Response Rate:
■ If the response rate is not met:
 The ballot can be extended by the Program Manager (PM)
 WG Officers and PM can work together to reach out to those that have not responded
■ The response rate must be met in order to continue with the balloting process. 

Approval Rate: 
■ If the approval rate is not met, the entire draft is open for comments on the next ballot (recirculation).
■ During a recirculation ballot, SA balloting group members shall have an opportunity to cast votes or change their previously cast 

votes.



SA Ballot Next Steps - Recirculation Overview
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When is a recirculation ballot required?
• All unresolved Do Not Approve votes with comments shall be recirculated to the Standards Association 

balloting group.
• All substantive changes made since the last ballot of the proposed standard shall be identified and 

recirculated to the Standards Association balloting group. If there are significant changes made to the draft 
you may consider opening:

• The entire draft for comments on the next ballot recirculation
• The recirculation for a longer period of time

Recirculation ballot(s):
• Minimum of 10 days
• During a recirculation ballot, SA balloting group members shall have an opportunity to cast votes or change 

their previously cast votes
• Once the proposed standard has achieved 75% approval, comments in recirculation ballot(s) shall be based 

on: 
• Only on the changed portions of the draft
• Portions affected by the changes
• Portions subject to unresolved comments associated with Do Not Approve votes.



SA Ballot – Comment Resolution Guidelines
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 The Comment Resolution Group will review and consider all comments that are received by the close of the 
ballot.  This includes comments received outside of the myProject system and mandatory coordination 
comments.

 Evidence of Consideration
• Comments that advocate changes in the proposed standard, whether technical or editorial, may be accepted, 

revised, or rejected. 
 Until the proposed standard has achieved 75% approval, comments can be based on any portion of the proposed 

standard
 Comments not based on the proposed standard may be rejected and deemed out-of-scope of the standards 

balloting process by the Standards Committee.

Comments received by the WG after the close of the ballot
 Shall be acknowledged and may be considered
 The Standards Committee shall acknowledge the receipt of these late comments 
 Take action as the Standards Committee deems appropriate. 

For more information, see the IEEE SASB Operations Manual Clause 5.4.3.3 - Comments in the ballot 



Additional Resources

41

The SA Balloting Process
https://standards.ieee.org/develop/balloting-standard/balloting.html

RevCom Ballot and Comment Resolution Process Guidelines
https://standards.ieee.org/content/dam/ieee-standards/standards/web/governance/revcom/guidelines.pdf

RevCom Comment Resolution Preparation Guidelines
https://standards.ieee.org/content/dam/ieee-
standards/standards/web/governance/revcom/Comment_Resolution_Preparation_Guidelines.pdf

IEEE SA Standards Working Group Chair Fundamentals Course, Module 10 “Balloting Your Standard” 

https://standards.ieee.org/develop/balloting-standard/balloting.html
https://standards.ieee.org/content/dam/ieee-standards/standards/web/governance/revcom/guidelines.pdf
https://iln.ieee.org/Public/ContentDetails.aspx?id=AE404C2328DA4A39AAD7AB5117681F05#:%7E:text=Course%20Program&text=Consisting%20of%20twelve%20modules%2C%20Standards,of%20the%20standards%20development%20process.


Questions?

Malia Zaman
Senior Program Manager

IEEE Standards Association

Phone: 732 850 6608

Email: m.zaman@ieee.org

www.standards.ieee.org
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Comments by hosting 
organizations
JASON ALLNUTT, IEEE SA
JASON MACDOWELL, ESIG
RAJA AYYANAR, PSERC
YILU LIU, CURENT
February 16, 2021 – IEEE SA Ballot Update

General Information for the Interested Public - https://sagroups.ieee.org/2800/

*Also Chair of the sponsoring ED&PG Wind and Solar Plant Interconnection Working Group (Link to Website)

This effort is, in part, funded by the Alliance for 
Sustainable Energy, LLC, Managing and Operating 
Contractor for the National Renewable Energy 
Laboratory (NREL) for the U.S. Department of 
Energy (DOE) under the DOE project “Accelerating 
Systems Integration Standards II (ACCEL II)” under 
the grid performance and reliability topic area 
focusing on the distribution grid. 

https://sagroups.ieee.org/2800/
https://site.ieee.org/pes-edpgcom-wsppidsc/working-groups-and-task-forces/wind-and-solar-plant-interconnection-working-group/


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

• Goal is to form a balanced ballot group by March 3, 
2021, with no one stakeholder group having 
dominance
• Follow instructions available on the P2800 website at 

https://sagroups.ieee.org/2800/members/
• General information on the (public) IEEE-SA ballot is 

available at 
https://standards.ieee.org/faqs/balloting.html

Milestone: SA Initial Ballot 
+ Public Review

March 4, 2021* (30 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*

Consensus =
 ≥75% Quorum
 ≥75% Approval

− WG Chair’s goal is ≥90%!
* tentative dates

https://sagroups.ieee.org/2800/members/
https://standards.ieee.org/faqs/balloting.html
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