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Agenda 
Reliability and Security Technical Committee 
June 8, 2022 | 10:00 a.m.–4:00 p.m. Eastern 
Virtual via WebEx 
 
Attendee WebEx Link: Join Meeting 
 
Call to Order 
 
NERC Antitrust Compliance Guidelines and Public Announcement* 
 
Introductions and Chair’s Remarks  

1. Administrative items 
a. Arrangements 
b. Announcement of Quorum  
c. Reliability and Security Technical Committee (RSTC) Membership 2020-2023*  

i. RSTC Roster 
ii. RSTC Organization 

iii. RSTC Charter  
iv. Parliamentary Procedures* 
v. Participant Conduct Policy  

 
2. Consent Agenda  

• Minutes – March 8-9, 2022 RSTC Meeting*- Approve  

• EAS Membership Election*- Approve 
 

Regular Agenda 
3. Remarks and Reports  

a. Remarks – Greg Ford, RSTC Chair 
i. Subcommittee Reports* 

ii. RSTC Work Plan 
b. Report of May 11, 2022 Member Representatives Committee (MRC) Meeting and May 12, 

2022 Board of Trustees Meeting – Chair Ford 

4. Energy Reliability Assessments Task Force (ERATF) Standard Authorization Requests (SARs)* – 
Endorse – Peter Brandien, ERATF Chair   

The ERATF is assessing risks associated with unassured energy supplies, including the timing and 
inconsistent output from variable renewable energy resources, fuel location, and volatility in 
forecasted load, which can result in insufficient amounts of energy on the system to serve 
electrical demand. The ERATF provided an update of their work at an Industry Webinar that was 

https://nerc.webex.com/nerc/onstage/g.php?MTID=e617dde191caafb6c7225391aa5af0acb
https://www.nerc.com/comm/RSTC/Documents/RSTC_2022_Roster_EC_NS_February_2022_Board_Approved.pdf
https://www.nerc.com/comm/RSTC/Pages/default.aspx
https://www.nerc.com/comm/RSTC/RelatedFiles/RSTC_Charter_Board_Approved_Nov_4_2021.pdf
https://www.nerc.com/gov/Annual%20Reports/NERC_Participant_Conduct_Policy.pdf
https://www.nerc.com/comm/RSTC/Pages/default.aspx
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held on Thursday May 19, 2022. The ERATF has incorporated comments received on the original 
SAR and it was separated into two: a Planning SAR and an Operations/Operations Planning SAR. 
The ERATF is requesting RSTC endorsement and subsequent submission to the NERC Standards 
Committee. 

5. GMD Monitoring Reference Document* –  Approve – Jimmy Hartmann, RTOS Chair | Todd Lucas, 
Sponsor
As part of the three-year review cycle for Reference Documents, the GMD Monitoring Reference 
Document was reviewed and updated. The RTOS posted the reference document for a 45-day 
comment period and addressed comments received during the comment period. The RTOS made 
conforming revisions to the reference document and is seeking RSTC approval.

6. Reliability Coordinator Reliability Plan Reference Document* –  Approve – Jimmy Hartmann, 
RTOS Chair | Todd Lucas, Sponsor
As part of the three-year review cycle for Reference Documents, the Reliability Coordinator 
Reliability Plan Reference Document was reviewed and updated. The RTOS is seeking RSTC 
approval of the Reference Document.

7. 2022 State of Reliability Report* – Information – John Moura and Donna Pratt, NERC Staff
An embargoed version of the 2022 State of Reliability Report (SOR) will be provided to RSTC 
members for their review and comment. This presentation will provide information regarding the 
contents, commenting period and action dates for the SOR.

8. GADS Section 1600 Data Request* – Accept to Post for a 45-day Public Comment Period –
Donna Pratt, NERC Staff
As an addition to the existing Section 1600 Generator Availability Data System (GADS) data 
request, the RSTC is requested to accept posting for a 45-day public comment period the following 
proposed data collection:

• GADS Conventional – Additional design and event data.

• GADS Photovoltaic (PV) – Configuration, performance and event data as well as outage 
detail.

• GADS Wind – Configuration, performance and event data as well as outage detail.  Clarify 
reporting requirements related to plant size and commissioning date. 

The Data Request was previously posted for a public comment period. Comments were 
incorporated into the updated Data Request.  

9. White Paper: BPS Reliability Perspectives for Distributed Energy Resource Aggregators* -
Approve - Shayan Rizvi, SPIDERWG Chair | Wayne Guttormson, Sponsor

This white paper provides bulk power system (BPS) reliability perspectives and considerations
regarding distributed energy resource (DER) aggregation in light of Federal Energy Regulatory
Commission (FERC) Order No. 2222, which introduces the concept of DER aggregation in wholesale
electricity markets. The SPIDERWG sought RSTC members to review and provide comment on the
white paper in March and have updated the white paper based on that feedback. The SPIDERWG
is seeking RSTC approval of the white paper.
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10. White Paper: Recommendations for Simulation Improvement and Techniques Related to DER 
Planning* - Approve - Shayan Rizvi, SPIDERWG Chair | Wayne Guttormson, Sponsor  

The increasing penetration of DERs is already having an impact on BPS planning, operations, and 
design, and it is paramount that NERC Reliability Standards remain effective and efficient in 
ensuring an adequate level of reliability for the BPS. As a result, the NERC System Planning Impacts 
from Distributed Energy Resources Working Group (SPIDERWG) has evaluated the current body of 
NERC Reliability Standards and the requirements within those standards for their applicability and 
effectiveness to remain relevant with increasing levels of DERs. This white paper details the 
findings of the SPIDERWG review and makes recommendations for actions that should be taken to 
address identified issues. The SPIDERWG sought RSTC members to review and provide comment 
on the white paper in March and have updated the white paper based on that feedback. The 
SPIDERWG is seeking RSTC approval of the white paper. 

11. White Paper: DER Impacts to Under Voltage Load Shedding Program Design* – Request for 
RSTC Reviewers- Shayan Rizvi, SPIDERWG Chair | Wayne Guttormson, Sponsor  

SPIDERWG initially set out to provide guidance regarding the aggregate impacts of distributed 
energy resources (DERs) on Under Voltage Load Shedding (UVLS) programs. After a cursory review 
of industry UVLS practices, the SPIDERWG recognized that there are very few (if any) currently 
active UVLS programs in place today. Therefore, the SPIDERWG provided general points for 
coordination of voltage-sensitive equipment in a short white paper to address UVLS design. The 
SPIDERWG is seeking RSTC reviewers at this time. 

12. Technical Report: Beyond Positive Sequence RMS Simulations for High DER Penetration 
Conditions* – Request for RSTC Reviewers- Shayan Rizvi, SPIDERWG Chair | Wayne 
Guttormson, Sponsor  

The SPIDERWG studied various limitations of the current set of positive sequence tools to 
determine what, if any, boundary cases can be identified to switch between a positive sequence 
tool into a “beyond positive sequence” framework. The capabilities of current Transmission and 
Distribution co-simulation tools were determined to be capable of modeling the complexities of 
both systems. Simulations were performed on a set of reduced cases rather than the current 
Interconnection-wide base cases in order to provide a technical baseline for further investigation. 
This report initially was on the SPIDERWG work plan as a white paper, but is moved to a technical 
report as it fits with the content more appropriately. The SPIDERWG is seeking RSTC reviewers at 
this time. 

13. June-August 2021 CAISO Solar PV Disturbance Report – Information – Ryan Quint, NERC Staff  

NERC and the Regional Entities continue to analyze disturbances that involve widespread 
reductions of solar photovoltaic (PV) resources to identify any systemic reliability issues, to 
support affected facilities in developing mitigating measures, and to share key findings and 
recommendations with industry for increased awareness and action. The ongoing widespread 
reduction of solar PV resources continues to be a notable reliability risk to the BPS, particularly 
when combined with the additional loss of other generating resources on the BPS and in aggregate 
on the distribution system. This report contains the ERO analysis of four BPS disturbances with 
widespread reductions of solar PV output that occurred in the California Independent System 
Operator (CAISO) footprint between June and August of 2021.  
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14. Standard Authorization Request: EMT Models in NERC MOD, TPL, and FAC Standards* –Endorse 
– Julia Matevosyan, IRPS Vice Chair | Jody Green, Sponsor
The BPS in North America is undergoing a rapid transformation towards high penetrations of 
inverter-based resources. Transmission Planners (TP) and Planning Coordinators (PC) are 
concerned about the lack of accurate modeling data and the need to perform electromagnetic 
transient (EMT) studies during the interconnection process and long-term planning horizon. The 
growth of inverter technology has pushed conventional planning tools to their limits in many 
ways, and TPs and PCs are now faced with the need to conduct more detailed studies using EMT 
models for issues related to inverter-based resource integration issues. This SAR proposes 
including EMT models and studies in planning-related NERC Standards to ensure reliable operation 
of the BPS moving forward. The Inverter-based Resources Performance Subcommittee is seeking 
RSTC endorsement of the SAR to be submitted to the NERC Standards Committee.

15. TOCC Field Test Update* – Information – Megan Sauter, Drafting Team Chair
During the September RSTC meeting, the RSTC was presented with information regarding a 
proposed CIP-002 Transmission Owner Control Centers (TOCCs) Field Test. The Field Test 
document was sent to RSTC members for a comment period ending on Thursday, September 30, 
2021. Comments were considered and incorporated into the TOCC Field Test document. The RSTC 
endorsed the Field Test document which was then approved by the Standards Committee (SC) for 
implementation. This agenda item will provide an update on the implementation of the Field Test.

16. Strengthening Industry Action to Address Emerging Issues – Information – John Moura, NERC 
Staff
Recently, NERC promulgated and initiated a number of Reliability Standards related to seasonal 
preparations for extreme weather and environmental conditions. This effort results after many 
years of industry engagement through Alerts, Events Analysis, annual/semi-annual webinars on 
weatherization, visits to generating plants to share practices, and multiple FERC/ERO Enterprise 
inquiry reports.

17. Inter-Area Short Circuit paper – Request for RSTC Reviewers- Bill Crossland, SPCWG Chair 
The SPCWG developed the paper to provide guidance with respect to updating inter-entity short-
circuit model data at the boundaries connecting to other entities. Initially set to be a technical 
reference for industry. Safe and reliable operation of electrical power systems requires the ability 
to predict and simulate sources of fault current. SPCWG requests RSTC Reviewers for this this 
technical report.

18. Standing Committee Coordination Group (SCCG) Update* - Information – Stephen Crutchfield, 
NERC Staff
Per the SCCG scope document, the SCCG is to “provide quarterly reports to the standing 
committees for inclusion in their public Agenda posting on cross-cutting initiatives addressing risks 
to the reliability, security, and resilience of the BPS.  This report shall be prepared in advance and 
voted on by the SCCG at the SCCG’s quarterly meetings.” 
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19. Facility Ratings Task Force Update- Information – Al McMeekin, NERC Staff | Ian Grant, Sponsor  

The Facility Ratings Task Force (FRTF) is a former Joint Task Force between the RSTC and CCC. In 
December 2021, the FRTF scope document and work plan were approved and placed under the 
RSTC. A new NERC staff coordinator was assigned to the FRTF to resume the work of the task 
force. This presentation will provide an update on current and planned activities. 

20. Chair’s Closing Remarks and Adjournment 

 
 

*Background materials included. 

 



 
 
 
 

Antitrust Compliance Guidelines 
 
I. General 
It is NERC’s policy and practice to obey the antitrust laws and to avoid all conduct that unreasonably 
restrains competition. This policy requires the avoidance of any conduct that violates, or that might 
appear to violate, the antitrust laws. Among other things, the antitrust laws forbid any agreement 
between or among competitors regarding prices, availability of service, product design, terms of sale, 
division of markets, allocation of customers or any other activity that unreasonably restrains 
competition. 

 
It is the responsibility of every NERC participant and employee who may in any way affect NERC’s 
compliance with the antitrust laws to carry out this commitment. 

 
Antitrust laws are complex and subject to court interpretation that can vary over time and from one 
court to another. The purpose of these guidelines is to alert NERC participants and employees to 
potential antitrust problems and to set forth policies to be followed with respect to activities that may 
involve antitrust considerations. In some instances, the NERC policy contained in these guidelines is 
stricter than the applicable antitrust laws. Any NERC participant or employee who is uncertain about 
the legal ramifications of a particular course of conduct or who has doubts or concerns about whether 
NERC’s antitrust compliance policy is implicated in any situation should consult NERC’s General Counsel 
immediately. 

 
II. Prohibited Activities 
Participants in NERC activities (including those of its committees and subgroups) should refrain from 
the following when acting in their capacity as participants in NERC activities (e.g., at NERC meetings, 
conference calls and in informal discussions): 

· Discussions involving pricing information, especially margin (profit) and internal cost 
information and participants’ expectations as to their future prices or internal costs. 

· Discussions of a participant’s marketing strategies. 

· Discussions regarding how customers and geographical areas are to be divided among 
competitors. 

· Discussions concerning the exclusion of competitors from markets. 

· Discussions concerning boycotting or group refusals to deal with competitors, vendors or 
suppliers. 



 
 
 
 
 
 
 
 
 
 

· Any other matters that do not clearly fall within these guidelines should be reviewed with 
NERC’s General Counsel before being discussed. 

 
III. Activities That Are Permitted 
From time to time decisions or actions of NERC (including those of its committees and subgroups) may 
have a negative impact on particular entities and thus in that sense adversely impact competition. 
Decisions and actions by NERC (including its committees and subgroups) should only be undertaken for 
the purpose of promoting and maintaining the reliability and adequacy of the bulk power system. If 
you do not have a legitimate purpose consistent with this objective for discussing a matter, please 
refrain from discussing the matter during NERC meetings and in other NERC-related communications. 

 
You should also ensure that NERC procedures, including those set forth in NERC’s Certificate of 
Incorporation, Bylaws, and Rules of Procedure are followed in conducting NERC business. 

 
In addition, all discussions in NERC meetings and other NERC-related communications should be within 
the scope of the mandate for or assignment to the particular NERC committee or subgroup, as well as 
within the scope of the published agenda for the meeting. 

 
No decisions should be made nor any actions taken in NERC activities for the purpose of giving an 
industry participant or group of participants a competitive advantage over other participants. In 
particular, decisions with respect to setting, revising, or assessing compliance with NERC reliability 
standards should not be influenced by anti-competitive motivations. 

 
Subject to the foregoing restrictions, participants in NERC activities may discuss: 

· Reliability matters relating to the bulk power system, including operation and planning matters 
such as establishing or revising reliability standards, special operating procedures, operating 
transfer capabilities, and plans for new facilities. 

· Matters relating to the impact of reliability standards for the bulk power system on electricity 
markets, and the impact of electricity market operations on the reliability of the bulk power 
system. 

· Proposed filings or other communications with state or federal regulatory authorities or other 
governmental entities. 

· Matters relating to the internal governance, management and operation of NERC, such as 
nominations for vacant committee positions, budgeting and assessments, and employment 
matters; and procedural matters such as planning and scheduling meetings. 
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RSTC Meetings – Governance Management 
 
Chair will state the governance management of the meeting as follows: 

1. For each topic, the Chair will introduce the topic and allow for discussion.  

2. At the conclusion of the discussion, the Chair will state the primary motion, and ask for 
first/second. 

3. The Chair will then call for any additional discussion. 

 During such discussion, a secondary motion can be offered,  

 The Chair will ask for first/second, discussion/debate; the Chair will then call for a 
vote.  

 If the secondary motion does not receive a second or is voted down, the Chair will 
go back and restate the primary motion.   

4. At this point, the following actions may proceed: 

 Debate on that primary motion again; 

 Another secondary motion can be offered; 

 Motion could be offered to postpone, table, etc.  Management of next action will 
follow Steps 3 and 4.  

 
The Chair is able to initiate a motion to end a debate. 
 
Motions can encompass accepting minor revisions as provided during the discussions and 
reflected in the words of the motion. 
 
Guiding principle is one thing at a time. 
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Reliability & Security 
Guidelines

•Formulated from
best and/or optimal
practices

•Suggested
approaches or
behaviors

•“HOW” certain 
objectives can be 
met

•Recommendations
for how objectives
“could” or “should”
be accomplished

Reference 
Documents, 

Whitepapers and 
Technical Reports

•Documented
technical concepts

•Definitions of
technical terms

•Defined methods or
approaches

•Can be used as
justification to
support “WHY”
certain practices are
needed

Implementation 
Guidance

•Provides examples
or approaches for
“HOW” Registered
Entities could
demonstrate
compliance with
Reliability Standard
requirements.

•Used in Compliance
Monitoring and
Enforcement
activities

Standard 
Authorization 

Request

•Defines scope,
reliability benefit,
and technical
justification for a
new or modified
Reliability Standard
or definition.

• Identifies “WHAT”
requirements are
needed to ensure
the reliable
operation of the BPS

Types of Documents

Reliability Assessment Reports

•Independent and objective evaluations of BPS reliability conducted by the ERO
•Subgroup used to gain industry perspectives, expertise, and validation
•Requires BOT approval

Submitted to ERO Submitted to SC
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Reliability & Security 
Guidelines

•ACCEPT for public
comment
• Is guidance needed

on this topic?
• Are there major

flaws?

•APPROVE
• Has the public and

committee
comments been
sufficiently
addressed?

• Do you agree with
the recommended
guidance?

Reference 
Documents, 

Whitepapers and 
Technical Reports

•APPROVE
• Does it provide

sufficient detail to
support technical,
security, and
engineering SMEs?

• Has it been peer
reviewed and
supported by a
technical subgroup?

• Is it foundational
and/or conceptual

• Does it contain
specific
recommendations?

Implementation 
Guidance

•ENDORSE
•Does it provide

examples or
approaches on
how to implement
a Reliability
Standard?

•Does it meet the
expectations
identified in the
Implementation
Guidance
Development and
Review Aid?

Standard 
Authorization 

Request

•ENDORSE
• Is the SAR form

complete?
•Does it contain

technical
justification?

Types of Documents: Member 
Considerations 

Reliability Assessment Reports

•ENDORSE
• Is there general agreement with findings and recommendations?
• Was the process followed?
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• Approve: The RSTC has reviewed the deliverable and supports the content and
development process, including any recommendations.

• Accept: The RSTC has reviewed the deliverable and supports the development
process used to complete the deliverable.

• Remand: The RSTC remands the deliverable to the originating subcommittee, refer it
to another group, or direct other action by the RSTC or one of its subcommittees or
groups.

• Endorse: The RSTC agrees with the content of the document or action, and
recommends the deliverable for the approving authority to act on. This includes
deliverables that are provided to the RSTC by other NERC committees. RSTC
endorsements will be made with recognition that the deliverable is subject to further
modifications by NERC Executive Management and/or the NERC Board. Changes
made to the deliverable subsequent to RSTC endorsement will be presented to the
RSTC in a timely manner. If the RSTC does not agree with the deliverable or its
recommendations, it may decline endorsement. It is recognized that this does not
prevent an approval authority from further action.

RSTC Actions
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EAS Membership Election

Ralph Rufrano, EAS Chair
Reliability and Security Technical Committee Meeting
June 8, 2022  
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• The EAS Scope document calls for RSTC approval of its 
membership

• The EAS has vacancies for a MRO Regional Entity Representative 
and a Texas RE Regional Entity Representative 

• The EAS proposes and seeks RSTC approve of the following 
candidate slate:
 Jake Bernhagen (MRO) – MRO Representative
 Freddy Garcia (ERCOT) – Texas RE Representative

EAS Membership Election 
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Internal Use Only 

Processes: Status Reports

RSTC Status Report 6 GHZ Task Force (6GHZTF)

Purpose: Provide to the RSTC: 
determine scope of issue, gather 
information related to risk of 
harmful interference in the 6 GHz 
spectrum, evaluate options for 
industry outreach, and 
recommendations related to the 
issue

Recent Activity

• Review survey results and
revise work plan accordingly.

Workplan Status (6-month look-ahead)Items for RSTC Approval/Discussion:

• Accept: None
• Approve: None

Upcoming Activity

• Items for consideration to include in the
work plan:

• Develop a ‘white paper’ on how
to conduct an interference test
in three key areas (urban,
suburban, rural)

• Develop a webinar to raise
awareness for the industry

• Develop a reporting tool for
documenting/tracking
interference incidents

• Based on survey results, consider
conducting an extent of condition

On Track

Schedule at risk

Milestone delayed

Chair: Jennifer Flandermeyer
Vice Chair: Larry Butts

June 7-8, 2022

Milestone Sta
tus Comments

Analyze Survey
Results

In progress, 
Q2/2022

Preliminary Impact 
Assessment

Planning phase 
Q2/2022

Additional Outreach 
Opportunities

Planning phase 
Q3/2022

Assess need for 
Alert/Add’l Data

Planning phase 
Q3/2022

Recommendations Planning phase 
Q4/2022

Info Sharing Planning phase 
Q4/2022
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Milestone Status Comments

EAP Periodic 
Review

On-Going

Event Analysis 
Data & Trends 
for 2022 SOR

In coordination 
with the PAS

Winter Weather 
Webinar

Scheduled for 
September 1st

Lessons Learned 
for 2022

On-Going

10th Annual 
SA Conference

Under 
Development

FMM Diagrams 
for 2022

On-Going

Processes: Status Reports

RSTC Status Report – Event Analysis Subcommittee (EAS)

Purpose: The EAS will support and 
maintain a cohesive and coordinated 
event analysis (EA) process across 
North America with industry 
stakeholders.  EAS will develop 
lessons learned, promote industry-
wide sharing of event causal factors 
and assist NERC in implementation of 
related initiatives to lessen reliability 
risks to the Bulk Electric System.

Recent Activity
• Seven Lessons Learned 

completed & endorsed in 2022; 
Additional five under 
development

• Sub-team performing EAP 
periodic review

• Sub-team performing Reliability 
Guideline review

• EAS, EMSWG, & FMMTF 2022 
Work Plans developed

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:

• EAS MRO Regional Representative 
• Jake Bernhagen (MRO)

• EAS TRE Entity Representative 
• Freddy Garcia (ERCOT)

Ongoing & Upcoming Activities

• EAP Periodic Review

• 2022 State of Reliability Report

• Winter Weather Webinar

• EMSWG Biennial Review of Risk & 
Mitigations for Losing EMS Functions 
Reference Document 

• EMSWG to host 10th Annual Monitoring 
& Situational Awareness Conference

• Development of Lessons Learned

• FMMTF Development of Failure Mode 
& Mechanism Diagrams

On Track
Schedule at risk
Milestone delayed

Chair: Ralph Rufrano
Vice-Chair: Chris Moran

June 7, 2022
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EGWG

EGWG Status Report 

Purpose: The EGWG was formed 
to address fuel assurance issues as a 
result of the RISC identified Grid 
Transformation. 

Recent Activity

• The EGWG completed its 
Design Basis Criteria for Natural 
Gas.  Additionally, the EGWG 
has developed a 
comprehensive survey to gauge 
the effectiveness of the Fuel 
Assurance Guideline that was 
approved by the RSTC..  

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:

• The EGWG has completed a Design Basis 
Criteria for Natural Gas Related Studies.  
This document will be presented to the 
RSTC at its March Meeting.  The EGWG 
will be asking for RSTC approval.

Milestone Status Comments

Gauge
efficacy of 
Fuel 
Assurance 
guideline

In progress

FERC/NERC 
joint inquiry 
coordination

In progress

Design Basis 
Criteria RSTC 
approval

In progress

Upcoming Activity

• Develop Coordination Plan with NAESB 
for potential electric related 
risks/objectives in natural gas related 
standards.

• Distribute survey for Fuel Assurance 
Guideline

• Develop Strategy for FERC/NERC 
inquiry items where EGWG can add 
value in regards to recommendations.

On Track

Schedule at risk

Milestone delayed

Chair: Mike Knowland
Vice-Chair: Daniel Farmer

May 16, 2022
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Processes: Status Reports

RSTC Status Report – Electromagnetic Pulse Working Group (EMPWG)

Purpose: The purpose of the 
EMPWG is to address key points of 
interest related to system planning, 
risks and assessments, modeling, and 
reliability impacts to the bulk power 
system (BPS).

Recent Activity

• Each EMPWG subteam is 
Working on their upcoming 
deliverables/reports

• Increasing activity and 
participation from National 
Laboratories with EMPWG

• Employee retirements and utility 
reorgs have resulted in less 
participation in the NERC 
EMPWG and the vacancy of two 
subteam leaders (Policy and 
Vulnerability Assessments).

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:

• N/A Milestone Status Comments

Policy - Report of 
Findings

Completion of 
policy draft by Q2 
2022.

R&D - Report of 
Findings

Completion of 
draft documents 
by Q2 2022.

Vulnerability 
Assessment -
Report of Findings

Completion of 
draft documents 
by Q2 2022.

Mitigation -
Technical Report

Completion of 
hardening draft 
by Q2 2022.

Response & 
Recovery - Report 
of Findings

Initial drafts 
expected by Q4 
2022.

Upcoming Activity

• Solicitation is being sent out to industry 
to get more engagement/participation 
into the EMPWG

• Finalization and review of 
reports/deliverables end of Q2. 

On Track

Schedule at risk

Milestone delayed

Chair: Aaron Shaw
Vice-Chair: Rey Ramos

February 9th, 2021



RELIABILITY | RESILIENCE | SECURITY1
Internal Use Only 

Processes: Status Reports

RSTC Status Report: Inverter-Based Resource Performance  
Subcommittee (IRPS)

Purpose: To explore the 
performance characteristics of 
utility-scale inverter-based 
resources (e.g., solar photovoltaic 
(PV) and wind power resources) 
directly connected to the bulk 
power system (BPS). 

Recent Activity
• Discussed Work Item #20 

Assessment: Gap Analysis of Any 
IBR-Related Issues Not Addressed 
by NERC Standards.

• Discussed Work Item #8 Reliability 
Guideline: Recommended 
Approach to Interconnection 
Studies for BPS-Connected 
Inverter-Based Resources.

• SAR Development for EOP-004-4 
Gen Loss Criteria for IBRs, SAR: 
Revisions to PRC-004, Model 
Quality Checks in FAC-002 and 
MOD-032 Standards/Inclusion of 
EMT Models into MOD, TPL, and 
FAC Standards.

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:
• Item 14 - SAR: Inclusion of EMT Models 

into MOD, TPL, and FAC Standards.
• Item 21 - SAR: Model Quality Checks in 

FAC-002 and MOD-032 Standards.

Milestone Status Comments

Item 6 - Reliability 
Guideline: 
Electromagnetic Transient 
Modeling and Simulations

In progress

Item 8 - Reliability 
Guideline: Recommended 
Approach to 
Interconnection Studies 
for BPS-Connected 
Inverter-Based Resources

In progress

Items 17 & 18 - 2021 NERC 
Cold Weather Report 
Recommendations SAR 
Development (PRC-004 
and PRC-024)

In Progress

Item 20 - Assessment: 
Gap Analysis of Any IBR-
Related Issues Not 
Addressed by NERC 
Standards 

In Progress

Upcoming Activity
• Item 13 - SAR: EOP-004-4 Gen Loss 

Criteria for IBRs.
• Triennial review of Reliability Guidelines for 

BPS-Connected Inverter-Based Resource 
Performance and Improvements to 
Interconnection Requirements for BPS-
Connected Inverter-Based Resources.

• Item 16 - SAR: Revisions to FAC-001 and 
FAC-002.

• Item 17 - SAR: Revisions to PRC-024.
• Item 18 - SAR: Revisions to PRC-004.

On Track

Schedule at risk

Milestone delayed

Chair: Al Schriver
Vice-Chair: Julia Matevosyan
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Processes: Status Reports

RSTC Status Report – Load Modeling Working Group (LMWG)

Purpose:
The LMWG is transitioning utilities 
from the CLOD model to the CMLD 
Composite Load Model. The CLOD 
model lacks the capability to model 
events like FIDVR, which can have 
significant consequences on 
planning decisions. 

Recent Activity

• Updated Motor D parameters
• Posted Motor Data Standard 

Parameters to LMWG 
Restricted Access Site

• Continued work on Phasor 
model

• Continued LMDT tool 
development for PSS/E

• Update model to take care of 
“Extra Vars” based on 
discussion with vendors

• Revised the Transient Voltage 
Response Whitepaper

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:

• Approve: LMWG Work Plan
Milestone Sta

tus Comments

Phasor Model 
Development In progress

Modular CMLD 
Development In progress

Update CMLD 
model to 
address the
“Extra Vars”

In progress

Transient 
Voltage 
Response
Whitepaper

In progress

Upcoming Activity

• Develop specifications for 
Modularization of CMLD 

• Continue Phasor Model Development
• Request review of Transient Voltage 

Response Whitepaper in June
• Work with entities to use Motor Data 

Standard Parameters 
• Update model to address the “Extra 

Vars” based on discussion with vendors 
• Continue LMDT tool development for 

PSS/E

On Track

Schedule at risk

Milestone delayed

Chair: Kannan Sreenivasachar, 
Vice-Chair: 
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Processes: Status Reports

RSTC Status Report – Performance Analysis Subcommittee (PAS)

Purpose: The PAS reviews, 
assesses, and reports on reliability of 
the North American Bulk Power 
System (BPS) based on historic 
performance, risk and measures of 
resilience. 

Recent Activity

• Continued annual metric review

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:
• 2022 State of Reliability Report
• GADS Section 1600 data request posting Milestone Status Comments

2022 State of 
Reliability 
Report

RSTC 
endorsement 
being requested

GADS Section 
1600 Data 
Request

RSTC 
authorization for 
second round of 
public comments 
being requested.

Review 
proposed new 
metrics

Through end of 
2022 

Conduct annual 
metric review

Completed

Upcoming Activity

• June: Post GADS Section 1600 data
request for comments in June

• July: Publish 2022 State of Reliability 
Report

• August: Elect Chair and Vice Chair

On Track

Schedule at risk

Milestone delayed

Chair: Brantley TiIlis
Vice-Chair: David Penney

September 16, 2020

Not started

Complete
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Processes: Status Reports

RSTC Status Report – Probabilistic Assessment Working Group 
(PAWG)

Purpose: The primary function of the 
NERC Probabilistic Assessment Working 
Group (PAWG) is to advance and 
continually improve the probabilistic 
components of the resource adequacy 
work of the ERO Enterprise in assessing 
the reliability of the North American Bulk 
Power System. 

Recent Activity
.
• Met in March to finalize 

scenarios for the 2022 
Probabilistic Assessment 
Scenario Case.

• Ongoing engagement with RAS 
with probabilistic components of 
their seasonal assessments.

• Continued work on the biennial 
ProbA process.

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:

• None Milestone Status Comments

Upcoming Activity

• White Paper: Probabilistic Planning for 
the Tails – Plan to complete by 2023 

• 2022 Probabilistic Assessment – Both 
the Base Case and Scenario Case to 
continue work in 2022. Actions follow 
LTRA development schedule.

On Track

Schedule at risk

Milestone delayed

Chair: Alex Crawford
Vice-Chair: Bryon Domgaard

June 7-8, 2022
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Processes: Status Reports

RSTC Status Report – Reliability Assessment Subcommittee (RAS)

Purpose: The RAS reviews, 
assesses, and reports on the overall 
reliability (adequacy and security) of 
the BPS, both existing and as 
planned. Reliability assessment 
program is governed by NERC RoP
Section 800.

Recent Activity
• RAS Meeting April 13-14: topics 

included RAS Workplan update, 
2022 SRA initial review, 2022 
LTRA planning, 2022 ProbA
request material review, ERATF 
SAR update, and 2022-2023 
WRA planning

• 2022 ProbA request materials 
for LTRA sent to the Regional 
Entities in May

• 2022 SRA published in May

Items for RSTC Approval/Discussion:
Milestone Status Comments

2022 Long-
Term Reliability 
Assessment 
(LTRA)

Preliminary 
Assessment area 
info responses due 
back June 17 

Upcoming Activity
• Coordination with the RTOS on 

development of WRA Request 
Materials that address the Cold 
Weather Inquiry Report 
recommendations

On Track

Schedule at risk

Milestone delayed

Chair: Anna Lafoyiannis (11/2021)
Vice-Chair: Andreas Klaube (11/2021)

June 7-8, 2022

2022-2023 
Winter 
Reliability 
Assessment 
(WRA)

Assessment area 
info request 
planned for 
July/August

Workplan Status (6 month look-ahead)
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Processes: Status Reports

RSTC Status Report – Resources Subcommittee (RS)
\

Purpose: The RS assists the NERC 
RSTC in enhancing Bulk Electric System 
reliability by implementing the goals and 
objectives of the RSTC Strategic Plan with 
respect to issues in the areas of balancing 
resources and demand, interconnection 
frequency, and control performance.

Recent Activity

• Joint RTOS/RS Meeting April 
27, 2022 Held

• Quarterly review of 
interconnection performance

• Set up RS Team to review and 
update “Generator Loss of 
Communication Reliability 
Guideline”- Currently Assigned 
to EAS

• Reviewed L10 and Frequency 
Bias settings for BAs update 
scheduled for June 1, 2022

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:

• RSTC Chair Appointment of Chair 
and Vice Chair (2 Year Terms): 

• RS recommends Greg Park 
(Western Power Pool) – Chair

• RS recommends William 
Henson (New England ISO) –
Vice Chair

Milestone Status Comments

Support 
ERSWG 
Measures 
1,2,4, and 6

Periodic review 
and consultation 
with NERC staff 
ongoing

2022 RS M6 
outreach to 
BAs indicating 
a year over 
year decline in 
performance.

RS leadership and 
regional 
representatives 
are meeting with 
identified BAs

Upcoming Activity

• In Person/Hybrid Meetings Scheduled
• July 20-21 Spokane, WA 

(Avista Corporation)
• October 19-20 Birmingham, AL 

(Southern Company)

On Track

Schedule at risk

Milestone delayed

Chair: Greg Park
Vice-Chair: William Henson

June 2022
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Processes: Status Reports

RSTC Status Report – Real Time Operating Subcommittee (RTOS)

Purpose: The RTOS assists in 
enhancing BES reliability by providing 
operational guidance to industry; 
oversight to the management of 
NERC-sponsored IT tools and 
services which support operational 
coordination, and providing technical 
support and advice as requested.

Recent Activity

• RTOS approved updated 
Reliability Plan for SeRC

• Formed task force(s) for 
guideline metrics project

• Joint RS/RTOS Meeting

Workplan Status (6 month look-ahead)

Milestone Status Comments

Monitor development of 
common tools and act as 
point of contact for EIDSN.

On-going

Frequency Monitor 
Reporting (Standing RTOS 
agenda item to discuss).

On-going

Reliability Guideline: Cyber 
Intrusion Guide for System 
Operators under scheduled 
review and updating 
metrics/template.

In-progress

Reliability Coordinator Plan 
Reference Document Complete

Items for RSTC 
Approval/Discussion:

• GMD Monitoring Reference 
Document

• Reliability Coordinator Plan 
Reference Document

Upcoming Activity

• RG - Add Metrics; place on RG 
Template to RTOS 
guidelines/reference docs Q3/Q4 
2022

On Track

Schedule at risk

Milestone delayed

Chair: Jimmy Hartmann 
Vice-Chair: Tim Beach

June 2022
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Processes: Status Reports

RSTC Status Report – Supply Chain Working Group (SCWG)

Purpose: To Identify known supply 
chain risks and address through 
guidance documentation or other 
appropriate vehicles. Partner with 
National Laboratories to address cyber 
security supply chain risk.

Recent Activity
• Met virtually on March 21st, April 

18th, and May 16th

• Provided the Supply Chain 
Standard Effectiveness Survey 
results to the NERC BOT May 
12th)

• Full survey results 
provided during ERO 
Webinar on April 12th

Calendar - MRO SAC Webinar on 
Supply Chain Effectiveness...

• Working on the periodic reviews 
of five Security Guidelines -
implementing new template

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:

• None Milestone Status Comments

Supply Chain 
Standard 
Effectiveness Survey 

Complete

Periodic Review of 
Supply Chain Security 
Guidelines

In Progress

Guidance 
documentation on 
supply chain risk 
management issues 
and topics

In Progress

Upcoming Activity
• Continue periodic review of Security 

Guidelines
• Work on metrics; development 

of metrics is delaying the 
periodic reviews

• Engage with National Labs to 
participate in SCWG meetings

• Monitor the development of the Central 
Repository 

• Monitor the Software Bill of Materials 
(SBoM) Project by CISA

• Monitoring FERC, Executive Orders,  
DOE, and CISA for future directions

On Track

Schedule at risk

Milestone delayed

Chair: Tony Eddleman 
Vice-Chair: Wally Magda

June 7-8, 2022

https://www.mro.net/Lists/Calendar/DispForm_New.aspx?ID=572
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Processes: Status Reports

RSTC Status Report
Security Integration and Technology Enablement Subcommittee (SITES) 

Purpose: To identify, assess, 
recommend, and support the 
integration of technologies on the 
bulk power system (BPS) in a 
secure, reliable, and effective 
manner.

Recent Activity

• BES operations in the cloud 
whitepaper: Subgroup has 
been formed and initial working 
draft has been developed. 

• Zero-trust 
whitepaper: Subgroup has 
been formed; draft is nearly 
complete.

Workplan Status (6-month look-ahead)Items for RSTC Approval/Discussion:

• Accept: None
• Approve: None

Upcoming Activity

• BES operations in the cloud team is 
drafting the white paper; it will be 
circulated for public comment period. 
Date TBD.

• Zero-trust whitepaper initial draft and 
prep for public comment period.  Date 
TBD.

On Track

Schedule at risk

Milestone delayed

Chair: Brian Burnett
Vice Chair: Thomas Peterson

June 2022

Milestone Sta
tus Comments

BES Operations 
in the Cloud

In progress 
Q3/2022

Zero-Trust 
Concepts 

In progress 
Q2/2022

Security 
Integration

Planning phase 
Q1/2022

IT/OT 
Convergence

Planning phase 
Q1/2022

Reliability/Resili
ence/Security 
balance

Planning phase 
Q1/2022

Emerging 
Technologies

Planning phase 
Q1/2022

Risk 
Identification

Planning phase 
Q1/2022

Security 
Implementation

Planning phase 
Q1/2022
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Processes: Status Reports

RSTC Status Report – Synchronized Measurement Working Group (SMWG)

Purpose: The SMWG will develop 
guidelines, technical reports, white 
papers, and recommendations to the 
Real Time Operating Subcommittee 
(RTOS) on oscillation events, 
synchronized measurement data, 
analysis tools, system performance, 
data sharing, and other topics.

Recent Activity

• Posted Updated Technical 
Reference Document: 
Oscillation Analysis Monitoring 
and Mitigation Q1 2022

• Held spring meeting to discuss 
several topics including ESAMs 
efforts and realtime application 
examples

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:

• None
Milestone Status Comments

Grid Oscillations 
Report-out(Standing 
RTOS agenda item to 
discuss).

On-going

Oscillation Event 
Analysis Template
Creation of a 
template for 
reporting, tracking, 
and analyzing 
oscillation events. 

In Progress

Analyzing 3/21/2022 
Oscillation event  In Progress

Upcoming Activity

• Reliability Guideline: Forced 
Oscillations - convert to TRD Q3 2022

• Reliability Guideline: Power Plant 
Model Verification using PMUs -
convert to TRD Q3 2022

On Track

Schedule at risk

Milestone delayed

Chair: Tim Fritch 
Vice-Chair: Qiang “Frankie” Zhang

June 2022
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Processes: Status Reports

RSTC Status Report – System Protection and Control Working Group 
(SPCWG)

Purpose: The SPCWG will promote 
the reliable and efficient operation of 
the North American power system 
through technical excellence in 
protection and control system design, 
coordination, and practices.

Recent Activity
• Cold Weather Recommendation 13 

complete, continuing to refine Rec. 
22

• Developing  PRC-023-4 SAR
• Developing PRC- 019-2 CIG
• Enter-Entity Short Circuit Modeling 

paper finalized 5/19
• Reviewing SAR for PRC-025 for 

IRPS
• Initial Discussion of FERC 881 and 

how it impacts PRC-023
• Reviewed PRC-025-2 in context of 

hybrid plants. Return to NERC staff 
for further development of issue

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:

• Asking for RSTC review team for: 
Inter-Entity Short Circuit Paper

• Accept Cold Weather recommendation 
13 proposal

• Discussion: Request removal of PRC-
025 review from work plan.

Milestone Status Comments

Revising Scope 
Document

Behind schedule 
anticipate SPCWG 
vote 6/2022

Inter-Entity
short circuit 
paper

On schedule

Cold weather 
Rec. 13

On schedule

Cold weather 
Rec. 22 On schedule

PRC-025 
review

No action, remove 
from work plan

PRC-019-2
Tech paper done,
imp. Working on imp 
guide

PRC-024-3 Restarted with new 
leadership

Upcoming Activity

• Finalizing Scope Document
• Continuing to identify work for 2022 and 

beyond
• Continue to review FERC 881 to see if 

it impacts PRC-023
• Finalize cold weather recommendation 

22 proposal and send to RSTC at Sept 
meeting.

• Continue work on PRC-019-2 and 
PRC-024-3 guidance documents

On Track

Schedule at risk

Milestone delayed

Chair: Bill Crossland
Vice-Chair: Lynn Schroeder

As of May 17, 2022
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Processes: Status Reports

RSTC Status Report – System Planning Impacts from DER 
Working Group (SPIDERWG)

Purpose: The NERC Planning Committee (PC) 
identified key points of interest that should be addressed related 
to a growing penetration of distributed energy resources (DER). 
The purpose of the System Planning Impacts from Distributed 
Energy Resources )SPIDERWG) is to address aspects of these 
key points of interest related to system planning, modeling, and 
reliability impacts to the Bulk Power System (BPS). This effort 
builds off of the work accomplished by the NERC Distributed 
Energy Resources Task Force (DERTF) and the NERC
Essential Reliability Services Task Force/Working Group 
(ERSTF/ERSWG), and addresses some of the key
goals in the ERO Enterprise Operating Plan.

Recent Activity
• Met in April 2022 to update work 

products and focus on high 
priority items.

• Added and kicked off the RSTC 
reliability guideline reviews to 
move the 6 identified into 3 
more holistic guidelines.

Workplan Status (6 month look-ahead)Items for RSTC Approval/Discussion:
• Approval: White Paper: BPS Reliability Perspectives for 

Distributed Energy Resource Aggregators
• Approval: White Paper: Recommendations for Simulation 

Improvements and Techniques Related to DER Planning
• RSTC Review: White Paper: DER Impacts to Under Voltage 

Load Shedding Program Design
• RSTC Review: Technical Report: Beyond Positive Sequence 

RMS Simulations for High PER Penetration Conditions

Upcoming Activity
• Many deliverables targeted for RSTC 

action in 2022.
• Seeking engagement with SITES to 

answer request from RSTC members to 
seek answers related to cybersecurity 
impact of DER aggregators.

• SPIDERWG meeting in August to:
• Respond to RSTC comments 

from standards review white 
paper

• Provide document on modeling 
of BESS

• Return responses from this 
meeting’s reviews.

On Track

Schedule at risk

Milestone delayed

Chair: Shayan Rizvi
Vice-Chair: Bill Quaintance 

June XX, 2022

See next slide
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Work Look Ahead

Workplan Status (6 month look-ahead)

Milestone Status Comments

C6 – NERC Reliability Standards Review Anticipated response and edits to document complete by Q3 2022.

S1 – Reliability Guideline: Bulk Power system Planning 
under Increasing Penetration of Distributed Energy 
Resources

Milestone delayed due to prioritizing of review of RSTC reliability 
guidelines to meet Tranche deadlines.

S4b – Whitepaper: DER impacts to UVLS Programs Return reviews from this meeting on track for Q3 2022 deadline.

S5 – Technical Report: Beyond Positive Sequence RMS 
Simulations for High DER Penetration Conditions

Return of response to comments on track for Q3 to Q4 2022 deadline 
depending on quantity and length of comments. 

M6 – Modeling Distributed Energy Storage and Multiple 
Types of DERs

Reorganization of material and reprioritization to other documents 
may impact this deadline of Q3 2022.

Reliability Guideline Review: Tranche 2 – Analysis Merging all 3 Tranche 2 SPIDERWG reliability guidelines into one. 
Drafting underway and on track for Q4 2022 approval deadline.

Reliability Guideline Review: Tranche 3 – Analysis Merging 2 of the 3 SPIDERWG reliability guidelines into one. On track 
for Q1 2023 approval date.

Reliability Guideline Review: Tranche 3 – Coordination Coordination team underway for review. On track for Q1 2023 
deadline

On Track

Schedule at risk

Milestone delayed

Note: Approval of NERC Reliability Standards Review or the BPS Perspectives to DER Aggregators 
adds many items to the SPIDERWG work plan which would extend this list greatly. 
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Processes: Status Reports

RSTC Status Report – Security Working Group (SWG) 

Purpose: Provides a formal input 
process to enhance collaboration 
between the ERO and industry with an 
ongoing working group. Provides 
technical expertise and feedback to 
the ERO with security compliance-
related products.

Recent Activity
• Reconstituted a new FERC CIP-

002 Lessons Learned team
• ERTv6 review cycle completed
• BCSI TTX paper being updated, 

process document being 
reviewed, ERO document 
review complete

• FERC NOPR paper completed
• Utilizing intake process for work 

plan assessment
• OLIR (CIP->NIST mapping tool) 

team formed:  Partnership with 
NIST

Workplan Status (6 month look-ahead)
Items for RSTC Approval/Discussion:
• FERC RM22-3 - NERC SWG White 

Paper

Milestone Stat
us Comments

BCSI in the Cloud 
Tabletop Lessons 

Q2 2022, 
need to 
complete 
changes 
identified by 
review team

Ongoing ERT 
comments Ongoing

CIP -> CSF OLIR 
Mapping Q4, 2022

FERC LL Paper Q3, 2022

FERC NOPR 
Comments Completed

Upcoming Activity
• Coordinate with SITES for review of 

BCSI in the Cloud TTX document 
package, and coordinate review 
process with RSTC

• Complete intake process for work plan
• Begin v3 of the encryption in the cloud 

compliance guidance using new review 
process

On Track

Schedule at risk

Milestone delayed

Co-Chair: Brent Sessions
Co-Chair:  Katherine Street

June, 2022
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Energy Assurance with Energy-Constrained Resources 

(As of May 17, 2022) 
 
Action 
Endorse 
 
Reference Material 
Standard Authorization Request: Energy Assessments with Energy–Constrained Resources in 
the Operations and Operations Planning Time Horizons 
 
Standard Authorization Request: Energy Assessments with Energy–Constrained Resources in 
the Planning Time Horizon 
 
Appendix A: Technical Justification 
Appendix B: Proposed Definitions to Key Terms 
 
Background 
Fuel assurance and forward energy supply planning are increasingly important as the Bulk 
Electric System transitions from coal and nuclear resources to wind, solar, natural gas, and 
hybrid resources. Operational uncertainty is increasing due to conditions under which fuel is 
unavailable. For this reason, the Reliability and Security Technical Committee (RSTC) formed the 
Energy Reliability Assessment Task Force (ERATF) to assess risks associated with energy-
constrained resources. The ERATF was created to analyze and collaborate with stakeholders to 
address the issues identified in the Ensuring Energy Adequacy with Energy-Constrained 
Resources whitepaper. This whitepaper was presented to the NERC Board of Trustees (Board) 
at its November 2020 meeting, and it identified energy sufficiency concerns related to the 
operations, operations planning, and mid- to long-term planning time frames.  
 
Based on the eleven questions formulated in the whitepaper, the ERATF created a survey that 
was distributed to subgroups of the RSTC and independent system operators (ISO)/regional 
transmission organizations (RTOs). Feedback was gathered on three focus areas: (1) energy 
assurance and flexibility of the evolving resource mix; (2) natural gas delivery assurance; and (3) 
metrics, procedures, and analysis. The goal of the survey was to understand how stakeholders 
are evaluating their energy constraint and fuel availability issues. Additionally, the ERATF 
reviewed the existing NERC Reliability Standards to determine if there is a requirement to 
complete energy reliability assessments. 
 
Based on this review, the ERATF developed a technical justification document which 
recommended enhancements to NERC Reliability Standards.  
 
Standard Authorization Request Vetting Process 
The ERATF developed an initial standard authorization request (SAR) to be submitted to the 
Standards Committee upon endorsement by the RSTC. The ERATF presented the SAR and 
technical justification to the RSTC at its December 15, 2021, meeting, and asked the RSTC for 

https://www.nerc.com/comm/RSTC/ERATF/ERATF%20Energy%20Adequacy%20White%20Paper.pdf
https://www.nerc.com/comm/RSTC/ERATF/ERATF%20Energy%20Adequacy%20White%20Paper.pdf


comments. In addition, as part of the January 5, 2022, Policy Input Letter, the NERC Board of 
Trustees requested Member Representatives Committee (MRC) for its input.  
Additional outreach occurred in multiple meetings with stakeholders during January 2022. On 
Feb 16, 2022, the ERATF conducted an industry workshop to provide further opportunity to vet 
the SAR and develop further technical justification. The industry workshop included three 
expert panels with teams of 5-6 panelists. The panels discussed planning-related issues, 
operations-related issues, and the research & development panel discussed their research 
experiences and solutions related to energy reliability assessments. On May 19, 2022, the 
ERATF conducted a follow-up industry webinar to provide an update on how the SAR comments 
were addressed. 
 
Between February and May 2022, the ERATF reviewed the RSTC and MRC Policy Input 
comments as well as stakeholder feedback. During the SAR review and feedback from the RSTC 
and MRC, the task force noted that many comments were concerned with regional/market 
issues and the need for more technical support and specificity. Commenters also raised the 
importance of cross-jurisdictional coordination. Based on further comments from the Dec 2021 
– Feb 2022 outreach plan, the original SAR was separated into two: a Planning SAR and an 
Operations/Operations Planning SAR. Additionally, a list of proposed working definitions has 
been created by the task force. The SARs and associated materials are attached, and the 
consideration of comments documents are available at the ERATF website.  
 
Summary 
As stated in the SARs, the purpose of this project is to enhance reliability by requiring entities to 
perform energy reliability assessments to evaluate energy assurance and develop Corrective 
Action Plan(s) to address the identified risks. The risks that are of concern are associated with 
unassured energy supplies, including the timing and inconsistent output from variable 
renewable energy resources, fuel location, and volatility in forecasted load, which can result in 
insufficient amounts of energy on the system to serve electrical demand. 
 
The scope of the project is to address the recommendations provided by the NERC Energy 
Reliability Assessment Task Force (ERATF) to create or modify NERC Reliability Standards across 
the operations/operational planning time horizon (Operations SAR) and the planning time 
horizon (Planning SAR). 
 
Upon endorsement, the SARs would go through the standards development process under 
Appendix 3A of the NERC Rules of Procedure.  The immediate next step would be a request that 
the Standards Committee accept the SARs for development by a standard drafting team. 
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Standard Authorization Request (SAR) 
 

The North American Electric Reliability Corporation 
(NERC) welcomes suggestions to improve the 
reliability of the bulk power system through 
improved Reliability Standards.  
 
 

Requested information 
SAR Title: Energy Assessments with Energy–Constrained Resources in the 

Operations and Operations Planning Time Horizons 
Date Submitted:  June 8, 2022 
SAR Requester  
Name: Chair Peter Brandien on behalf of the Energy Reliability Assessment Task Force (ERATF) 
Organization: The ERATF of the Reliability and Security Technical Committee (RSTC) 
Telephone: (413) 535-4022 Email: pbrandien@iso-ne.com 
SAR Type (Check as many as apply) 

     New Standard 
     Revision to Existing Standard 
     Add, Modify or Retire a Glossary Term 
     Withdraw/retire an Existing Standard 

     Imminent Action/ Confidential Issue (SPM 
Section 10) 

     Variance development or revision 
     Other (Please specify) 

 Justification for this proposed standard development project (Check all that apply to help NERC 
prioritize development) 

     Regulatory Initiation 
     Emerging Risk (Reliability Issues Steering 

Committee) Identified 
     Reliability Standard Development Plan  

     NERC Standing Committee Identified 
     Enhanced Periodic Review Initiated 
     Industry Stakeholder Identified 

Industry Need (What Bulk Electric System (BES) reliability benefit does the proposed project provide?): 
Unassured deliverability of fuel supplies, coincident with inconsistent output from variable renewable 
energy resources and volatility in forecasted load, can result in insufficient amounts of energy available 
from the BES needed to serve electrical demand and ensure the reliable operation of the BES 
throughout each hour of the time period being evaluated.1 
 
Historically, analyses of energy available to the BES focused on capacity reserve levels across peak-
demand time periods. Generating resources and the requisite fuel were assumed available. This was a 
logical assumption in the past as fuel availability was assured with either firm fuel contracts (commodity 
plus transportation capacity), or on-site storage (e.g., oil, coal, reservoir-based hydro), or required 
periodic and predictable fuel replacement (e.g., nuclear). The availability of dispatchable generation 

                                                       
1 The industry need is described in the Ensuring Energy Adequacy with Energy-Constrained Resources white paper, presented to the RSTC, 
December 2020. 

Complete and submit this form, with attachment(s) 
to the NERC Help Desk. Upon entering the Captcha, 
please type in your contact information, and attach 
the SAR to your ticket. Once submitted, you will 
receive a confirmation number which you can use 
to track your request. 
 

https://support.nerc.net/


 

Energy Assessments with Energy-Constrained Resources in the Operations and Operations Planning Time Horizons Standard Authorization 
Request (SAR) 2 

Requested information 
with diverse fuel types promoted flexibility in providing energy for the BES should one fuel type become 
unavailable. 
 
Today, the transition from coal and nuclear generation to wind, solar, natural gas (with and without oil 
back up), distributed energy resources, and hybrid (renewables plus energy storage) resources is 
creating a more complex scenario and highlighting the need for energy assurance. Installed generating 
capacity analysis alone is not sufficient to ensure a reliable supply of energy for the BES. The 
proliferation of intermittent renewable generation in the resource mix increases the importance of 
having precisely controllable resources with sufficient fuel available, ready to respond when needed. 
The increasing prevalence of distribution-level resources and flexible load programs introduces added 
volatility into energy forecasts, further complicating operations energy reliability assessments. Supply 
intermittency and demand volatility both require the dispatchable generating fleet to be available and 
flexible enough to respond when called upon. These factors can also lead to unexpected and unstudied 
energy issues in non-peak hours, a risk that would not be identified by traditional analyses focusing on 
capacity across the peak demand periods. 
 
The transition to more intermittent resources is increasing the reliance on natural gas as the fuel 
needed for dispatchable resources that can promote energy assurance; however, uncertainty is still an 
issue  if the natural gas-fueled resources are subject to fuel curtailment or interruption (by virtue of fuel 
acquisition contracts) during peak fuel demands which often correspond with winter-peak electric 
demands. Additionally, the design of natural gas pipeline systems and the availability of back-up natural 
gas feeders can impact individual generators and the BES under pipeline disruption scenarios. 
 
The intermittency of renewable generation, demand volatility, the need for sufficient flexibility from 
balancing generation resources, and the potential for natural gas supply interruptions all combine to 
highlight the need for energy reliability assessments that analyze all hours of a given study period rather 
than just the peak hours. 
 
Energy assurance and fuel assurance risks are becoming more apparent as extreme weather has 
resulted in energy deficits (as opposed to capacity deficits) in recent years. During the past 10 years, 
there have been multiple extreme events have jeopardized the BES.  
 
In February 20112, an arctic cold front in the southwest United States resulted in generation outages 
and natural gas facility outages. In January 20143, a polar vortex affected the central and eastern United 
States and Texas. Another event in 2014 triggered generation outages and natural gas availability issues. 
In January 20184, the southcentral United States experienced many generation outages resulting in 
emergency measures. In 2021, the Oroville hydroelectric facility was shut down when reservoir levels, 
due to drought conditions, dropped below its minimum operating elevation. Finally, the cold weather 

                                                       
2 Outages and Curtailments During the Southwest Cold Weather Event of February 1-5, 2011 - FERC and NERC 
3 Polar_Vortex_Review  
4 2019 FERC and NERC Staff Report: The South Central United States Cold Weather Bulk Electric System Event of January 17, 2018 

file://nercdfs01/users$/princee/Documents/_PRISM%202021/FERC-NERC%20Inquiry/SW_Cold_Weather_Event_Final.pdf
file://nercdfs01/users$/princee/Documents/_PRISM%202021/FERC-NERC%20Inquiry/Polar_Vortex_Review_29_Sept_2014_Final.pdf
file://nercdfs01/users$/princee/Documents/_PRISM%202021/FERC-NERC%20Inquiry/South_Central_Cold_Weather_Event_FERC-NERC-Report_20190718.pdf


 

Energy Assessments with Energy-Constrained Resources in the Operations and Operations Planning Time Horizons Standard Authorization 
Request (SAR) 3 

Requested information 
event of February 20215 impacted Mississippi, Louisiana, Arkansas, Oklahoma, and Texas. Events like 
these highlight the need for a new approach to reliability operations that considers the extreme 
conditions and variability that the BES is increasingly experiencing. 
 
As part of ongoing operations planning, many entities have started incorporating some limited energy 
reliability assessments (e.g., uncertainty around renewable output) into reliability studies that produce 
key metrics; however, there is inconsistency among entities in whether and how the assessments are 
performed. To achieve the level of consistency needed across the industry, energy reliability 
assessments for the operations (< one year) time horizon and the mitigation of identified risks must be 
mandated and codified in NERC Reliability Standard requirements. 
Purpose or Goal (How does this proposed project provide the reliability-related benefit described 
above?): 
This project will enhance reliability by requiring entities to perform energy reliability assessments to 
evaluate energy assurance and develop Corrective Action Plan(s) to address identified risks. Energy 
reliability assessments evaluate energy assurance across the operations time horizons6 by analyzing the 
expected resource mix availability (flexibility) and the expected availability of fuel during the study 
period. 
Project Scope (Define the parameters of the proposed project): 
The project scope is to create or modify NERC Reliability Standards to address the following: 

• Create requirement(s) to accomplish the following: 

 Create defined terms (e.g., energy reliability assessment, energy assurance, extreme event 
analysis) as needed (refer to Appendix B for proposed definitions to key terms). 

 Conduct an energy reliability assessment: 

o Define a period of time to be studied that appropriately considers the specific 
characteristics of the resources in the area being evaluated, including such properties as 
the logistics involved in the replenishment of fuel and the ability to accurately forecast or 
assume system conditions. Time periods are expected to differ between areas due to the 
notable differences in electric systems, interconnected fuel delivery systems, weather, 
climate, operating philosophies, and other contributing factors. 

o Account for uncertainty related to both supply and demand across all hours of a studied 
period. Potential sources of uncertainty to be considered include but are not limited to:  

- Time-coupled restrictions on the availability of fuel, including the limited capability to 
replenish fuel at or above the rate at which it is consumed. This includes transportation 
of stored fuels, such as oil and coal, as well as the delivery of fuels with continuous 

                                                       
5 February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations - FERC, NERC and Regional Entity Joint Staff 
Inquiry 
6 The phrases “Operations Planning” and “Same-day Operations” are not NERC glossary terms but are referenced in the NERC document:  
https://www.nerc.com/pa/Stand/Resources/Documents/Time_Horizons.pdf  

https://www.nerc.com/pa/Stand/Resources/Documents/Time_Horizons.pdf
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Requested information 
delivery, such as natural gas. Where relevant, incorporate potential contractual 
limitations on fuel availability.  

* Outage duration informed by potential failure modes. 

* Flexibility/operational constraints of resources. 

* Disruptions to fuel delivery supply chains (e.g., pipeline outages, constraints on 
natural gas availability due to extreme cold). 

* Coincident outages of multiple independent resources. 

* Common mode outages not connected to fuel supply. 

* Variability of potential renewable profiles/availability. 

* Impact of energy storage resources. 

* Transmission capacity and deliverability to the load centers, including imports. 

* Correlated impact of weather and other significant events on load and generation7. 

* Extreme weather. 

• Energy reliability assessments should be required to: 

 Include an evaluation of the unique characteristics of variable resources and their impact(s) 
on non-variable resources. 

 Be coordinated between areas to synchronize interchange assumptions. 

 Be conducted on a clearly defined periodic basis and performed in each of the NERC defined8 
operations time horizons.  

 Be periodically validated and updated, and updated when changes to assumptions and input 
data nullifies an existing assessment.  

• For energy reliability assessments, measurements and observations should be compared to 
predefined criteria, and results should be in terms of impact on the BES. The predefined criteria 
do not need to be specifically defined within the Standard. Instead, each entity will establish and 
document criteria as part of complying with the Standard.  

• When predefined criteria are not met, require development of Corrective Action Plans. 

• Coordinate with the drafting team that is working on the “Energy Assessments with Energy–
Constrained Resources in the Planning Time Horizons” SAR. 

• Coordinate with the NERC Electric-Gas Working Group, the North American Energy Standards 
Board, and the Project 2021-07 Extreme Cold Weather Grid Operations, Preparedness, and 

                                                       
7 For example, cascading series of issues (including an extreme cold weather event across a significant portion of the NERC footprint), 
multiple forced outages early in the morning (when there is a lack of solar resources), and inadequate availability of natural gas. A wide area 
impact makes depending on imports less available. 
8 https://www.nerc.com/pa/Stand/Resources/Documents/Time_Horizons.pdf 
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Requested information 
Coordination drafting team to minimize duplication of efforts and ensure that non-conflicting 
requirements are developed. 

Detailed Description (Describe the proposed deliverable(s) with sufficient detail for a drafting team to 
execute the project. If you propose a new or substantially revised Reliability Standard or definition, 
provide: (1) a technical justification9 which includes a discussion of the reliability-related benefits of 
developing a new or revised Reliability Standard or definition, and (2) a technical foundation document 
(e.g., research paper) to guide development of the Standard or definition): 
The basis for this SAR was first identified in the NERC white paper entitled Ensuring Energy Adequacy 
with Energy-Constrained Resources,10 which suggested several energy assurance concerns related to the 
operations, operations planning, and mid- to long-term planning time horizons.  
 
Based on eleven questions formulated in the whitepaper, the NERC ERATF developed and distributed a 
survey questionnaire to subgroups of the Reliability and Security Technical Committee and Independent 
System Operators/Regional Transmission Organizations. The purpose was to refine the understanding of 
the issues identified in the whitepaper and gather feedback on energy assurance for three focus areas:  

• Energy assurance and flexibility for the evolving resource mix 

• Natural gas delivery assurance  

• Metrics, procedures, and analysis 
 
The goal of the survey was for the ERATF members to better understand how stakeholders are 
evaluating their energy constraint and fuel availability issues. The survey was based on the original 
eleven questions from the whitepaper and tailored to obtain more specific answers. For example, sub-
questions were added to understand how specific assessment input assumptions were developed and 
how the impact of varying those assumptions was assessed. 
 
These responses provided a large amount of information to help evaluate the energy constraint issues. 
Summaries of the responses were presented to the ERATF in October 2021. Generally, the responses 
indicated the industry understands the purpose of energy analyses and performs energy studies. It was 
evident that energy issues vary from one area to another, and there are a multitude of variables to 
consider in terms of energy-related risks. The responses also pointed out that energy analysis is an 
imperative as the grid moves away from the traditional generation fleet to a resource mix that is 
weather dependent and energy constrained. 
 
In February 2021, the ERATF conducted a workshop to showcase the types of energy analyses already 
being performed in both the operations and planning time horizons, as well as the tools being 
developed to support such studies. A key takeaway was that energy analyses are crucial, achievable, 
and essential. The inter-regional impact of energy-related risks requires that a consistent base method 

                                                       
9 The NERC Rules of Procedure require a technical justification for new or substantially revised Reliability Standards. Please attach pertinent 
information to this form before submittal to NERC. 
10Energy_Assurance_White_Paper (nerc.com) 

https://www.nerc.com/comm/RSTC/ERATF/ERATF%20Energy%20Adequacy%20White%20Paper.pdf
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Requested information 
and metrics for studies be developed and employed to continue the reliable operation of the BES and 
providing essential reliability services. Refer to the ERATF Technical Justification document (Appendix A) 
for additional information. 
Cost Impact Assessment, if known (Provide a paragraph describing the potential cost impacts associated 
with the proposed project):  
It is not the ERATF’s intention to require specific solutions to the energy-related issues identified in the 
assessments. This SAR is intended to propose modifications to NERC Reliability Standards to require that 
responsible entities further evaluate risks related to energy availability. In addition, the SAR proposes 
revisions to Reliability Standards that would require responsible entities to create Corrective Action 
Plans to address risks related to energy availability. Using a performance-based approach would allow 
entities to take local, state, and regional needs, as well as federal regulations and other factors as 
appropriate into consideration. The costs associated with this assessment are expected to be 
comparable to those associated with the responsible entity’s activities to evaluate and address potential 
reliability risks to the System. 
 
The cost impact is unknown and will be considered during drafting team meetings. 
Please describe any unique characteristics of the BES facilities that may be impacted by this proposed 
standard development project (e.g., Dispersed Generation Resources): 
The characteristics of the BES facilities impacted by this project include: fuel type, delivery logistics (e.g., 
the ability to access additional fuel, sufficient road and rail networks, barges for waterway-based plants, 
liquefied natural gas deliveries), design, construction, and operational characteristics, etc. 
To assist the NERC Standards Committee in appointing a drafting team with the appropriate members, 
please indicate to which Functional Entities the proposed standard(s) should apply (e.g., Transmission 
Operator, Reliability Coordinator, etc. See the most recent version of the NERC Functional Model for 
definitions): 
Primary: Reliability Coordinator and Balancing Authority. 
Impacted: Distribution Provider, Transmission Operator, Transmission Owner, Generator Operator, and 
Generator Owner 
Do you know of any consensus building activities11 in connection with this SAR?  If so, please provide 
any recommendations or findings resulting from the consensus building activity. 
The ERATF’s SAR development process is a consensus building activity and includes input from its 
members and observers. Previous drafts of the SAR have been presented to and commented on by the 
Reliability and Security Technical Committee and the Member Representatives Committee members. 
Those comments are incorporated into the updated SAR. 
 
On February 16, 2022, the ERATF conducted an industry workshop that outlined the challenges and 
considerations concerning solutions for performing energy reliability assessments. On May 19, 2022, the 
ERATF conducted a follow-up industry webinar to provide an update on how the SAR comments were 
addressed. 

                                                       
11 Consensus building activities are occasionally conducted by NERC and/or project review teams.  They typically are conducted to obtain 
industry inputs prior to proposing any standard development project to revise, or develop a standard or definition. 



 

Energy Assessments with Energy-Constrained Resources in the Operations and Operations Planning Time Horizons Standard Authorization 
Request (SAR) 7 

Requested information 
Are there any related standards or SARs that should be assessed for impact as a result of this proposed 
project?  If so, which standard(s) or project number(s)? 
Coordinate with the Project 2021-07 Extreme Cold Weather Grid Operations, Preparedness, and 
Coordination drafting team to minimize duplication of efforts and ensure that non-conflicting 
requirements are developed specifically in the TPL, EOP and TOP Standards. Additionally, this team 
should coordinate with the "Energy Assessments with Energy–Constrained Resources in the Planning 
Time Horizons" SAR drafting team.  
Are there alternatives (e.g., guidelines, white paper, alerts, etc.) that have been considered or could 
meet the objectives? If so, please list the alternatives. 
Three reliability guidelines have been published in recent years that provide valuable tools for industry 
to assess and manage energy risks, particularly risks related to fuel assurance. However, the continued 
reoccurrence of extreme events and resulting impacts on fuel and energy supplies have demonstrated 
that Reliability Standard(s) are needed to provide consistency across the industry in performing energy 
reliability assessments and mitigating identified reliability risks. 
 
Reliability and Security Guidelines (nerc.com) 

• Reliability Guideline: Fuel Assurance and Fuel-Related Reliability Risk Analysis 

• Reliability Guideline: Generating Unit Winter Weather Readiness 

• Reliability Guideline: Gas and Electrical Operational Coordination Considerations 
 

Reliability Principles 
Does this proposed standard development project support at least one of the following Reliability 
Principles (Reliability Interface Principles)? Please check all those that apply. 

 
1. Interconnected bulk power systems shall be planned and operated in a coordinated 

manner to perform reliably under normal and abnormal conditions as defined in the NERC 
Standards. 

 2. The frequency and voltage of interconnected bulk power systems shall be controlled 
within defined limits through the balancing of real and reactive power supply and demand. 

 
3. Information necessary for the planning and operation of interconnected bulk power 

systems shall be made available to those entities responsible for planning and operating 
the systems reliably. 

 4. Plans for emergency operation and system restoration of interconnected bulk power 
systems shall be developed, coordinated, maintained, and implemented. 

 5. Facilities for communication, monitoring, and control shall be provided, used and 
maintained for the reliability of interconnected bulk power systems. 

 6. Personnel responsible for planning and operating interconnected bulk power systems shall 
be trained, qualified, and have the responsibility and authority to implement actions. 

https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx
http://www.nerc.com/pa/Stand/Standards/ReliabilityandMarketInterfacePrinciples.pdf
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Reliability Principles 

 7. The security of the interconnected bulk power systems shall be assessed, monitored, and 
maintained on a wide area basis. 

 8. Bulk power systems shall be protected from malicious physical or cyber-attacks. 
 

Market Interface Principles 
Does the proposed standard development project comply with all of the following 
Market Interface Principles? 

Enter 
(yes/no) 

1. A reliability standard shall not give any market participant an unfair competitive 
advantage. 

Yes 

2. A reliability standard shall neither mandate nor prohibit any specific market 
structure. 

Yes 

3. A reliability standard shall not preclude market solutions to achieving compliance 
with that standard. 

Yes 

4. A reliability standard shall not require the public disclosure of commercially 
sensitive information.  All market participants shall have equal opportunity to 
access commercially non-sensitive information that is required for compliance 
with reliability standards. 

Yes 

 
Identified Existing or Potential Regional or Interconnection Variances 

Region(s)/ 
Interconnection 

Explanation 

N/A None identified. 
 

For Use by NERC Only 
 

SAR Status Tracking (Check off as appropriate). 

     Draft SAR reviewed by NERC Staff 
     Draft SAR presented to SC for acceptance 
     DRAFT SAR approved for posting by the SC 

     Final SAR endorsed by the SC 
     SAR assigned a Standards Project by NERC 
 SAR denied or proposed as Guidance 

document 
 

Version History 

Version Date Owner Change Tracking 
1 June 3, 2013  Revised 

1 August 29, 2014 Standards Information Staff Updated template 

2 January 18, 2017  Standards Information Staff Revised 

2 June 28, 2017 Standards Information Staff Updated template 

http://www.nerc.com/pa/Stand/Resources/Documents/Market_Principles.pdf
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3 February 22, 2019 Standards Information Staff Added instructions to submit via Help 
Desk 

4 February 25, 2020 Standards Information Staff Updated template footer 

 



 

 
 

RELIABILITY | RESILIENCE | SECURITY 

Standard Authorization Request (SAR) 
 

The North American Electric Reliability Corporation 
(NERC) welcomes suggestions to improve the 
reliability of the bulk power system through 
improved Reliability Standards.  
 
 

Requested information 
SAR Title: Energy Assessments with Energy– Constrained Resources in the Planning 

Time Horizon 
Date Submitted:  June 8, 2022 
SAR Requester  
Name: Chair Peter Brandien on behalf of the Energy Reliability Assessment Task Force (ERATF) 
Organization: The ERATF of the Reliability and Security Technical Committee (RSTC) 
Telephone: (413) 535-4022 Email: pbrandien@iso-ne.com 
SAR Type (Check as many as apply) 

     New Standard 
     Revision to Existing Standard 
     Add, Modify or Retire a Glossary Term 
     Withdraw/retire an Existing Standard 

     Imminent Action/ Confidential Issue (SPM 
Section 10) 

     Variance development or revision 
     Other (Please specify) 

 Justification for this proposed standard development project (Check all that apply to help NERC 
prioritize development) 

     Regulatory Initiation 
     Emerging Risk (Reliability Issues Steering 

Committee) Identified 
     Reliability Standard Development Plan  

     NERC Standing Committee Identified 
     Enhanced Periodic Review Initiated 
     Industry Stakeholder Identified 

Industry Need (What Bulk Electric System (BES) reliability benefit does the proposed project provide?): 
Unassured deliverability of fuel supplies, coincident with inconsistent output from variable renewable 
energy resources and volatility in forecasted load, can result in insufficient amounts of energy available 
from the BES to serve electrical demand and ensure the reliable operation of the BES throughout each 
hour of the time period being evaluated1. 
 
Historically, analyses of energy available to the BES focused on capacity reserve levels across peak-
demand time periods. Generating resources and the requisite fuel were assumed available. This was a 
logical assumption in the past as fuel availability was assured with either firm fuel contracts (commodity 
plus transportation capacity), or on-site storage (e.g., oil, coal, reservoir-based hydro), or required 
periodic and predictable fuel replacement (e.g., nuclear). The availability of dispatchable generation 

                                                       
1 The industry need is described in the Ensuring Energy Adequacy with Energy-Constrained Resources white paper, presented to the RSTC, 
December 2020. 

Complete and submit this form, with attachment(s) 
to the NERC Help Desk. Upon entering the Captcha, 
please type in your contact information, and attach 
the SAR to your ticket. Once submitted, you will 
receive a confirmation number which you can use 
to track your request. 
 

https://support.nerc.net/
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Requested information 
with diverse fuel types promoted flexibility in providing energy for the BES should one fuel type become 
unavailable. 
 
Reserve margins are planned so that deficiency in capacity to meet daily peak demand (Loss of Load 
Expectation {LOLE}) did not exceed one day-in-ten-years. LOLE is calculated from probabilistic analysis, 
typically using generating unit forced outage rates based on random equipment failures derived from its 
historic performance. The targeted level of one event every ten years is traditionally based on daily 
peaks (rather than hourly energy obligations). Additional insights can be gained through these methods 
by calculating Loss-of-Load-Hours (LOLH) and expected unserved energy (EUE) based on the mean-time-
to-repair (MTTR) unit averages. 
 
Today, the transition from coal and nuclear generation to wind, solar, natural gas (with and without oil 
back up), distributed energy resources, and hybrid (renewables plus energy storage) resources is 
creating a more complex scenario and highlighting the need for energy assurance. Installed generating 
capacity analysis alone is not sufficient to ensure a reliable supply of energy for the BES. The 
proliferation of intermittent renewable generation in the resource mix increases the importance of 
having precisely controllable resources with sufficient fuel available, ready to respond when needed. 
The increasing prevalence of distribution-level resources and flexible load programs also introduces 
added volatility into energy forecasts, further complicating energy reliability assessments. Supply 
intermittency and demand volatility both require the dispatchable generation fleet to be available and 
flexible enough to respond when called upon. These factors can also lead to unexpected and unstudied 
energy issues in non-peak hours, a risk that would not be identified by traditional analyses focused on 
capacity reserve margins across peak demand periods. 
 
The transition to more intermittent resources is increasing the reliance on natural gas as the fuel 
needed for dispatchable resources that can promote energy assurance; however, uncertainty is still an 
issue if the natural gas-fueled resources are subject to fuel curtailment or interruption (by virtue of fuel 
acquisition contracts) during peak fuel demands which often correspond with winter-peak electric 
demands. Additionally, the design of natural gas pipeline systems and the availability of back-up natural 
gas feeders can impact individual generators and the BES under pipeline disruption scenarios. 
 
The intermittency of renewable generation, demand volatility, the need for sufficient flexibility from 
balancing generation resources, and the potential for natural gas supply interruptions all combine to 
highlight the need for energy reliability assessments that analyze all hours of a given study period rather 
than just across the peak hours. 
 
Energy assurance and fuel assurance risks are becoming more apparent as extreme weather has 
resulted in energy deficits (as opposed to capacity deficits) in recent years. During the past 10 years, 
multiple extreme events have jeopardized the BES. 
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Requested information 
In February 20112, an arctic cold front in the southwest United States resulted in generation outages 
and natural gas facility outages. In January 20143, a polar vortex affected the central and eastern United 
States and Texas. Another event in 2014 triggered generation outages and natural gas availability issues. 
In January 20184, the southcentral United States experienced many generation outages resulting in 
emergency measures. In 2021, the Oroville hydroelectric facility was shut down when reservoir levels, 
due to drought conditions, dropped below its minimum operating elevation. Finally, the cold weather 
event of February 20215 impacted Mississippi, Louisiana, Arkansas, Oklahoma, and Texas. Events like 
these highlight the need for a new approach to reliability planning that considers the extreme 
conditions and variability the BES is increasingly experiencing. 
 
As part of ongoing near and long-term planning, many entities have started incorporating some limited 
energy reliability assessments (e.g., uncertainty around renewable output) into reliability studies that 
produce key metrics: LOLE, LOLH, and EUE. However, there is inconsistency among entities in whether 
and how the assessments are performed. TPL-001-4 calls out the loss of a large natural gas pipeline as 
an extreme event that should be studied for areas with significant natural gas generation, but beyond 
this mention, identifying and mitigating risks identified by energy reliability assessments are not 
addressed in existing NERC Reliability Standards. To achieve the level of consistency needed across the 
industry, energy reliability assessments for the planning (> one year) time horizon and the mitigation of 
identified risks must be mandated and codified in NERC Reliability Standard requirements. 
Purpose or Goal (How does this proposed project provide the reliability-related benefit described 
above?): 
This project will enhance reliability by requiring industry to perform energy reliability assessments to 
evaluate energy assurance and develop Corrective Action Plan(s) to address identified risks. Energy 
reliability assessments evaluate energy assurance across the Near-Term Transmission Planning and 
Long-Term Transmission Planning or equivalent6 time horizon by analyzing the expected resource mix 
availability (flexibility) and the expected availability of fuel during the study period. 
Project Scope (Define the parameters of the proposed project): 
The project scope is to create or modify NERC Reliability Standards to address the following: 

• Create requirement(s) to accomplish the following:  

 Create defined terms (e.g., energy reliability assessment, energy assurance, extreme event 
analysis) as needed (refer to Appendix B for proposed definitions to key terms). 

 Conduct an energy reliability assessment: 

o Define a period of time to be studied that appropriately considers the specific 
characteristics of the resources in the area being evaluated, including such properties as 

                                                       
2 Outages and Curtailments During the Southwest Cold Weather Event of February 1-5, 2011 - FERC and NERC 
3 Polar_Vortex_Review  
4 2019 FERC and NERC Staff Report: The South Central United States Cold Weather Bulk Electric System Event of January 17, 2018 
5 February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations - FERC, NERC and Regional Entity Joint Staff 
Inquiry 
6 The phrases “Near-Term Transmission Planning” and “Long-Term Transmission Planning” are NERC Glossary terms. The drafting team may 
consider adding definitions to the NERC Glossary that are independent of transmission.  

file://nercdfs01/users$/princee/Documents/_PRISM%202021/FERC-NERC%20Inquiry/SW_Cold_Weather_Event_Final.pdf
file://nercdfs01/users$/princee/Documents/_PRISM%202021/FERC-NERC%20Inquiry/Polar_Vortex_Review_29_Sept_2014_Final.pdf
file://nercdfs01/users$/princee/Documents/_PRISM%202021/FERC-NERC%20Inquiry/South_Central_Cold_Weather_Event_FERC-NERC-Report_20190718.pdf
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Requested information 
the logistics involved in the replenishment of fuel and the ability to accurately forecast or 
assume system conditions. Time periods are expected to differ between areas due to the 
notable differences in electric systems, interconnected fuel delivery systems, weather, 
climate, operating philosophies, and other contributing factors. 

o Account for uncertainty related to both supply and demand across all hours of the 
studied period, probabilistically when appropriate. Potential sources of uncertainty to be 
considered include but are not limited to:  

- Time-coupled restrictions on the availability of fuel, including the limited capability to 
replenish fuel at or above the rate at which it is consumed. This includes 
transportation of stored fuels, such as oil and coal, as well as the delivery of fuels 
with continuous delivery, such as natural gas. Where relevant, incorporate potential 
contractual limitations on fuel availability.  

* Outage duration informed by potential failure modes. 

* Flexibility/operational constraints of resources.  

* Disruptions to fuel delivery supply chains (e.g., pipeline outages, constraints on 
natural gas availability due to extreme cold). 

* Coincident outages of multiple independent resources. 

* Common mode outages not connected to fuel supply. 

* Variability of potential renewable profiles/availability.  

* Impact of energy storage resources. 

* Transmission capacity and deliverability to the load centers, including imports. 

* Correlated impact of weather and other significant events on load and generation7. 

* Extreme weather. 

• Energy reliability assessments should be required to: 

 Include an evaluation of the unique characteristics of variable resources and their impact(s) 
on non-variable resources (probabilistically). 

 Be coordinated between areas to synchronize interchange assumptions. 

o Be conducted on a clearly defined periodic basis and performed in each of the NERC 
defined8 planning time horizons.  

o Be periodically validated and updated, and updated when changes to assumptions and 
input data nullifies an existing assessment.  

                                                       
7 For example, cascading series of issues including an extreme cold weather event across a significant portion of the NERC footprint, multiple 
forced outages early in the morning (when there is a lack of solar resources), and inadequate availability of natural gas. A wide area impact 
makes depending on imports less available. 
8 https://www.nerc.com/files/glossary_of_terms.pdf 
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Requested information 
• For energy reliability assessments, measurements and observations should be compared to 

predefined criteria, and results should be in terms of impact on the BES. The predefined criteria 
do not need to be specifically defined within the Standard. Instead, each entity will establish and 
document criteria as part of complying with the Standard.  

• When predefined criteria are not met, require development of Corrective Action Plans. 

• Coordinate with the drafting team that is working on the “Energy Assessments with Energy–
Constrained Resources in the Operations and Operations Planning Time Horizons” SAR. 

• Coordinate with the NERC Electric-Gas Working Group, the North American Energy Standards 
Board, and the Project 2021-07 Extreme Cold Weather Grid Operations, Preparedness, and 
Coordination drafting team to minimize duplication of efforts and ensure that non-conflicting 
requirements are developed. 

Detailed Description (Describe the proposed deliverable(s) with sufficient detail for a drafting team to 
execute the project. If you propose a new or substantially revised Reliability Standard or definition, 
provide: (1) a technical justification9 which includes a discussion of the reliability-related benefits of 
developing a new or revised Reliability Standard or definition, and (2) a technical foundation document 
(e.g., research paper) to guide development of the Standard or definition): 
The detailed description and requirements of proposed standards are included in the previous section 
of this SAR as part of the scope. 
 
Energy assurance is an increasingly important aspect of a reliable BPS, but it is inconsistently defined 
and measured, and energy reliability assessments to evaluate energy assurance as part of BPS long-term 
planning procedures are not included in existing NERC Reliability Standards. Current standards and 
practices focus on capacity assessments to evaluate whether sufficient power is available to supply the 
BPS at peak demand; however, an analysis of energy sufficiency is required to effectively identify BES 
risks because of the changing resource mix, the increasing volatility of demand, and the interconnected 
nature of the electric power system (with external supply chains, e.g., natural gas). The 2021 ERO 
Reliability Risk Priorities Report (produced by the Reliability Issues Steering Committee) and the 
Ensuring Energy Adequacy with Energy-Constrained Resources whitepaper identified these issues as 
significant risks to reliability for which solutions to evaluate and mitigate are required. Through a gap 
analysis of NERC Reliability Standards and a survey of industry stakeholders, the NERC ERATF more 
specifically identified the energy-related risks that need to be addressed through the Standards 
development process. Refer to the ERATF Technical Justification document (Appendix A) for additional 
information and a more detailed description of the justification. 
 
The following Reliability and Security Guidelines (available at nerc.com) and technical reference 
documents can serve as guides to develop standards by expanding upon the work of the EGWG to 
energy assurance standards: 

                                                       
9 The NERC Rules of Procedure require a technical justification for new or substantially revised Reliability Standards. Please attach pertinent 
information to this form before submittal to NERC. 

https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx
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Requested information 
• Reliability Guideline: Fuel Assurance and Fuel-Related Reliability Risk Analysis 

• Reliability Guideline: Generating Unit Winter Weather Readiness 

• Reliability Guideline: Gas and Electrical Operational Coordination Considerations 

• Data Collection: Approaches for Probabilistic Assessments 

• 2020 Probabilistic: Regional Risk Scenarios Sensitivity Case 

• Probabilistic Adequacy and Measures Report 
 
Additionally, the ERATF, Probabilistic Assessment Working Group (PAWG), Reliability Assessment 
Subcommittee (RAS), and other committees as well as their work can be consulted to facilitate the 
development of standards requirements. 
Cost Impact Assessment, if known (Provide a paragraph describing the potential cost impacts associated 
with the proposed project):  
It is not the ERATF’s intention to require specific solutions to the energy-related issues identified in the 
assessments. This SAR is intended to propose modifications to NERC’s suite of Reliability Standards to 
require that responsible entities further evaluate risks related to energy availability. In addition, the SAR 
proposes revisions to Reliability Standards that would require responsible entities to create Corrective 
Action Plans to address risks related to energy availability. Using a performance-based approach would 
allow entities to take local, state, and regional needs, as well as federal regulations and other factors as 
appropriate into consideration. The costs associated with this assessment are expected to be 
comparable to those associated with the responsible entity’s activities to evaluate and address potential 
reliability risks to the System. 
 
The cost impact is unknown and will be considered during drafting team meetings. 
Please describe any unique characteristics of the BES facilities that may be impacted by this proposed 
standard development project (e.g., Dispersed Generation Resources): 
The characteristics of the BES facilities impacted by this project include: fuel type, delivery logistics (e.g., 
the ability to access additional fuel, sufficient road and rail networks, barges for waterway-based plants, 
liquefied natural gas deliveries), design, construction, and operational characteristics, etc. 
To assist the NERC Standards Committee in appointing a drafting team with the appropriate members, 
please indicate to which Functional Entities the proposed standard(s) should apply (e.g., Transmission 
Operator, Reliability Coordinator, etc. See the most recent version of the NERC Functional Model for 
definitions): 
Primary: Planning Coordinator. 
Impacted: Reliability Coordinator, Distribution Provider, Balancing Authority, Transmission Operator, 
Transmission Owner, Transmission Planner, Generator Operator, and Generator Owner. 
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Requested information 
Do you know of any consensus building activities10 in connection with this SAR?  If so, please provide 
any recommendations or findings resulting from the consensus building activity. 
The ERATF’s SAR development process is a consensus building activity and includes input from its 
members and observers. Previous drafts of the SAR have been presented to and commented on by the 
Reliability and Security Technical Committee and the Member Representatives Committee members. 
Those comments are incorporated into the updated SAR. 
On February 16, 2022, the ERATF conducted an industry workshop that outlined the challenges and 
considerations concerning solutions for performing energy reliability assessments. On May 19, 2022, the 
ERATF conducted a follow up industry webinar to provide an update on how the SAR comments have 
been addressed. 
Are there any related standards or SARs that should be assessed for impact as a result of this proposed 
project?  If so, which standard(s) or project number(s)? 
Coordinate with the Project 2021-07 Extreme Cold Weather Grid Operations, Preparedness, and 
Coordination drafting team to minimize duplication of efforts and ensure that non-conflicting 
requirements are developed specifically in the TPL, EOP and TOP Standards. Additionally, this team 
should coordinate with the "Energy Assessments with Energy–Constrained Resources in the Operations 
and Operations Planning Time Horizons" SAR drafting team.  
Are there alternatives (e.g., guidelines, white paper, alerts, etc.) that have been considered or could 
meet the objectives? If so, please list the alternatives. 
Three reliability guidelines and three reference documents have been published in recent years that 
provide valuable tools for industry to assess and manage energy risks, particularly risks related to fuel 
assurance. However, the continued reoccurrence of extreme events and resulting impacts on fuel and 
energy supplies have demonstrated that Reliability Standard(s) are needed to provide consistency 
across the industry in performing energy reliability assessments and mitigating identified reliability risks.   
 
Reliability and Security Guidelines (nerc.com) 

• Reliability Guideline: Fuel Assurance and Fuel-Related Reliability Risk Analysis 

• Reliability Guideline: Generating Unit Winter Weather Readiness 

• Reliability Guideline: Gas and Electrical Operational Coordination Considerations 
 
Probabilistic Assessment Working Group (PAWG) (nerc.com) 

• Data Collection: Approaches for Probabilistic Assessments 

• 2020 Probabilistic: Regional Risk Scenarios Sensitivity Case 

• Probabilistic Adequacy and Measures Report 
 

                                                       
10 Consensus building activities are occasionally conducted by NERC and/or project review teams.  They typically are conducted to obtain 
industry inputs prior to proposing any standard development project to revise, or develop a standard or definition. 

https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx
https://www.nerc.com/comm/RSTC/Pages/PAWG.aspx
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Reliability Principles 
Does this proposed standard development project support at least one of the following Reliability 
Principles (Reliability Interface Principles)? Please check all those that apply. 

 
1. Interconnected bulk power systems shall be planned and operated in a coordinated 

manner to perform reliably under normal and abnormal conditions as defined in the NERC 
Standards. 

 2. The frequency and voltage of interconnected bulk power systems shall be controlled 
within defined limits through the balancing of real and reactive power supply and demand. 

 
3. Information necessary for the planning and operation of interconnected bulk power 

systems shall be made available to those entities responsible for planning and operating 
the systems reliably. 

 4. Plans for emergency operation and system restoration of interconnected bulk power 
systems shall be developed, coordinated, maintained, and implemented. 

 5. Facilities for communication, monitoring, and control shall be provided, used and 
maintained for the reliability of interconnected bulk power systems. 

 6. Personnel responsible for planning and operating interconnected bulk power systems shall 
be trained, qualified, and have the responsibility and authority to implement actions. 

 7. The security of the interconnected bulk power systems shall be assessed, monitored, and 
maintained on a wide area basis. 

 8. Bulk power systems shall be protected from malicious physical or cyber-attacks. 
 

Market Interface Principles 
Does the proposed standard development project comply with all of the following 
Market Interface Principles? 

Enter 
(yes/no) 

1. A reliability standard shall not give any market participant an unfair competitive 
advantage. 

Yes 

2. A reliability standard shall neither mandate nor prohibit any specific market 
structure. 

Yes 

3. A reliability standard shall not preclude market solutions to achieving compliance 
with that standard. 

Yes 

4. A reliability standard shall not require the public disclosure of commercially 
sensitive information.  All market participants shall have equal opportunity to 
access commercially non-sensitive information that is required for compliance 
with reliability standards. 

Yes 

 

http://www.nerc.com/pa/Stand/Standards/ReliabilityandMarketInterfacePrinciples.pdf
http://www.nerc.com/pa/Stand/Resources/Documents/Market_Principles.pdf
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Identified Existing or Potential Regional or Interconnection Variances 
Region(s)/ 

Interconnection 
Explanation 

N/A None identified. 
 
 

For Use by NERC Only 
 

SAR Status Tracking (Check off as appropriate). 

     Draft SAR reviewed by NERC Staff 
     Draft SAR presented to SC for acceptance 
     DRAFT SAR approved for posting by the SC 

     Final SAR endorsed by the SC 
     SAR assigned a Standards Project by NERC 
 SAR denied or proposed as Guidance 

document 
 
 
 
Version History 

Version Date Owner Change Tracking 
1 June 3, 2013  Revised 

1 August 29, 2014 Standards Information Staff Updated template 

2 January 18, 2017  Standards Information Staff Revised 

2 June 28, 2017 Standards Information Staff Updated template 

3 February 22, 2019 Standards Information Staff Added instructions to submit via Help 
Desk 

4 February 25, 2020 Standards Information Staff Updated template footer 
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Energy Assessment Technical Justification  
Updated May 5, 2022  
 
Introduction 
Energy assurance is an increasingly important aspect of a reliable Bulk Electric System (BES) but has been 
inconsistently defined and measured without explicit standards, including energy assessments as part of 
bulk power system (BPS) operations, operational planning, and long-term planning procedures. While 
current standards and practices focus on capacity assessments to evaluate sufficient power to supply the 
BPS at peak demand, the interconnected nature of the electric power system with external supply chains 
(e.g., natural gas), the changing resource mix, and the increasing volatility of demand require analysis of 
energy sufficiency to understand BPS risks adequately.  The 2021 ERO Reliability Risk Priorities Report, 
produced by the Reliability Issues Steering Committee (RISC), and the Ensuring Energy Adequacy with 
Energy-Constrained Resources1 whitepaper identify these issues as significant risks to reliability that require 
solutions to address and mitigate these risks. The Energy Reliability Assessment Task Force (ERATF) 
identified gaps in the standards through a review of NERC standards related to energy risks and a survey of 
industry stakeholders. These identified risks and gaps in standards highlight the need to revise Reliability 
Standards and/or to create new Reliability Standards to evaluate and mitigate energy risks. 
 
The ERATF was formed to assess risks associated with unassured energy supplies. The task force was created 
to provide a formal process to analyze and collaborate with stakeholders to address the issues identified in 
the Ensuring Energy Adequacy with Energy-Constrained Resources whitepaper. This whitepaper identified 
energy sufficiency concerns related to operations, operations planning, and mid- to long-term planning time 
frames.  
 
Based on the eleven questions formulated in the whitepaper, the task force created a survey questionnaire. 
The survey was distributed to the subgroups of the Reliability and Security Technical Committee (RSTC) and 
independent system operators/regional transmission organizations to gather feedback on energy 
assurance for three focus areas:  

• Energy adequacy and flexibility for evolving resource mix 

• Natural gas delivery assurance  

• Metrics, procedures, and analysis 
 
The goal of the survey was to better understand how stakeholders are evaluating their energy constraint 
issues and fuel availability issues by extension. The original 11 questions from the whitepaper were 
modified slightly to seek more specific answers that would inform the ERATF’s recommendations. For 
example, sub questions were added to understand how specific assessment input assumptions were 
developed and how the impact of varying those assumptions was assessed.  
 
                                                       
1Energy Assurance White Paper (nerc.com) 

https://www.nerc.com/comm/RSTC/ERATF/ERATF%20Energy%20Adequacy%20White%20Paper.pdf
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The survey questionnaire had 18 core questions, and NERC stakeholder groups, independent system 
operators, and individual utilities provided 12 responses. These responses provided a large amount of 
information (over 500 answers) to help evaluate the energy constraint issues.  
 
NERC ERATF Energy Assessment Survey 
In September 2021, the NERC ERATF formed a subgroup of volunteers to review all the survey responses 
and identify recommendations. The rigor and thoroughness of the responses was excellent, and it is clear 
that entities put a lot of work into their responses. On October 18, this subgroup presented high-level 
summaries of the responses to the 18 core questions and higher-level, generalized responses as described 
in the following: 

• Across many of the responses, it was not always clear if entities were addressing current practices 
for capacity assessments or energy assessments. Many entities responded that they modify capacity 
assessments with higher forced outage rates and extreme scenarios to evaluate a range of operating 
conditions, but these are not well defined and are performed inconsistently across industry based 
on the energy assessment responses.  

• The survey demonstrated differences in how energy assessments are performed in the three time 
frames (operations, operational planning, and mid- to long-term planning). 

• It was unclear what operating entities do with low likelihood, high impact energy assessment results. 
Some provide the results publicly to stakeholders for awareness, but most do not. For predicted 
energy deficiencies in the operational planning time frame of one to three days, almost all entities 
do schedule additional capacity. Most do not provide energy assessments reflective of low 
likelihood, high impact events in seasonal assessments. Some respondents mentioned reviewing 
extreme contingencies in the longer-term planning time frame, but it is unclear if any planning 
actions are taken. The following contain more detail:  

 Most of the responses were focused on extreme weather scenarios. Very few comments on the 
evaluation criteria included other potential failure modes, including cyber-attacks or other 
disruptions that could impact energy assurance, specifically cyber-attacks that impact the fuel 
supply chain.   

 Many entities use 30 years of history to develop planning forecasts, but others responded that 
“…the world climate and social policies (heating & transportation electrification) are changing 
fast…” and that entities should focus and forecast the future based predicted future events more 
so than history, including worse case extreme weather.  

• Many responded that developing forecasts and assumptions for the mid- and long-term 
assessments is very difficult, and it is challenging to assign levels of confidence in those forecasted 
assumptions. As an example, it is difficult to forecast fuel replenishment or renewable production 
in the 6–12 month time frame and more so in the long-term planning time frame.  

• Some entities responded that the worst conditions could be in the fall or spring seasons in the future 
with low renewable generation rather than heat wave peak conditions if those peak conditions also 
included high renewable generation.  
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• Some entities responded that there are regional differences that may result in energy assessment 
reliability issues. More specifically, some operating entities have wider ranges in peak loads for 
extreme temperatures, some have significant fuel risks, some have extreme storm risks, some have 
significant forest fire risks, and some have drought risks. The reliability implications can vary 
regionally, so risks can vary regionally. Most responded that it is important across all of the BES 
industry to “…develop common and consistent energy assessment methods…” 

• A few responded on the need to assess sufficient energy flexibility, including dispatch energy, 
reserves, and regulation.  

• Some offered that transitioning from capacity adequacy to energy assurance can initially be 
performed by considering more conservative assumptions with fuel, wind, and solar as well as 
modeling higher probabilities of derates and extreme weather. However, more sophisticated 
techniques need to be developed.  

• Some entities offered that, based on the February 2021 extreme cold weather events, it is clear that 
extreme peaks can be coincident with loss of fuel.  

• Many respondents indicated that energy assessments should be performed throughout the year, 
not just during peak conditions, to capture the risk for fuel unavailability.  

• Classic forced outage rate measurements, such as effective force outage rates demand metrics and 
unforced capacity constructs, are poor for assessing renewable energy assurance as they assume 
randomness for failures rather than coincidences. Many existing capacity valuation constructs, 
especially for longer term resource adequacy, do not value capacity that might support energy 
deficits that result from multiday loss of resources, such as loss of fuel for over a week, especially 
for common mode loss of regional fuel.    

• Some entities offered that significant issues in the planning horizon are the assumptions regarding 
retirements of legacy fossil fuel resources with flexibility.  

• Developing mid- to long-term assumptions is very important, like “what to assume for non-ICAP 
imports” or “what to assume for fuel replenishment” in seasonal time frames.  

• Some use 90–10 for extreme scenario assessments while others do not.  
 
NERC Reliability Standards Review  
A set of sub-teams of the ERATF was formed to review the existing NERC Reliability Standards from the 
viewpoint of energy assurance and identify any gaps. The perspective of this review was addressing the 
assumption Reliability Standards may have that energy is always available. This assumption is now under 
review with the new resource mix and may not be always true without having performed an energy 
assessment and without monitoring the resource’s ability to deliver. One team reviewed the operations 
planning time frame, and a second team assessed at the mid- and long-term planning time frame.  
 
The comments from the operations planning sub-team were the following observations: 

• The existing Reliability Standards do not explicitly define or require energy assessments. 
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• A number of the Reliability Standards depend on resources to deliver energy to adhere to the 
requirements, such as operating within system operating limits and interconnection reliability 
operating limits, contingency reserves to regulate the system, and energy characteristics—such as 
large ramps that may constrict or be limited by available energy. The timing of deploying energy 
resources to meet the demand is crucial. 

• There is little understanding of critical infrastructure interdependencies and their potential impacts 
on power generation. 

• Currently, there are insufficient tools to model and forecast wind, solar, etc. for energy assessments. 
Also mentioned was to consider power system modeling to create more accurate predictive tools 
and include dynamic modeling of the natural gas system.  

• As the majority of fuel infrastructure exists beyond a single area, there is a need to understand and 
model the fuel infrastructure on a larger basis (i.e., effects from events outside of a specific area 
that can have impact on that area), so the impacts can be understood.  

• Considering that NERC Reliability Standards that require the use of generation assume that fuel is 
available, situational awareness was mentioned. The emergency operations and transmission 
operations Reliability Standards and transmission operational requirements should require energy 
assessments. With the current Reliability Standards, an adequate analysis of the transmission 
system can be conducted while still not meeting the energy requirements needed for the reliable 
operations of the BES. It is unclear whether or not the standards are assuming that there is adequate 
situational awareness and it is possible to maintain sufficient energy supply. There is an energy 
aspect of situational awareness that is missing from the current set of Reliability Standards. 

• Consider moving some elements of the NERC reliability and security guidelines2 into NERC’s 
Reliability Standards.  

 
The comments and recommendations from the mid- to long-term planning sub-team include the following 
observations: 

• The existing Reliability Standards do not explicitly require energy assessments. In a new or revised 
standard, consider the following attributes: 

 Add requirement(s) for extreme weather or environmental3 events 

 Determine how much time is required to recover and prepare for the next stress event 

 Create an approach to support assessments of the impact of decarbonization plans 

 Consider the risk to natural gas supply disruption, such as natural gas being unavailable due to 
high demand 

 Ensure that there is adequate coordination between the operations and planning teams 

                                                       
2 https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx 
3 Extreme environmental events includes long-duration environments, such as cloud cover, smoke, no wind, etc. 

https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx
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 When writing transmission planning studies, consider including other transmission equipment 
along with transformers 

 Studies need to account for additional characteristics (e.g., ramp rate, start/stop of units) 

 Consideration is needed for dynamic load model studies 

• It was noted that the transmission planning Reliability Standards are potentially the most 
appropriate location to add an energy assurance requirement or that a new class of standards would 
need to be created.  

 
RISC Recommendations 
The 2021 ERO Reliability Risk Priorities Report4 developed by the RISC identifies risks related to energy 
security as a significant risk to the BES that needs to be managed,5 and energy assurance metrics and 
standards that require energy assessment would help to mitigate these risks. The report also makes 
recommendations for the RSTC to address these risks. 
 
Based on survey results of emerging risk, three of the top four ranked risks are connected to energy security 
and assessment issues (i.e., changing resource mix, resource adequacy and performance, and critical 
infrastructure interdependencies).6 These identified risks are consistent with the risks highlighted by the 
ERATF’s survey and standards review. The RISC’s conclusions explicitly recommend the following: 

“The RSTC should develop methods, processes, tools, metrics, and/or standard authorization 
requests that are needed to address energy security. Recent experiences have demonstrated that 
capacity alone, given the grid transformation, is not sufficient to ensure sufficient energy is available 
to serve consumer needs. Capacity analysis is vital but now must be buttressed with energy 
assessments to ensure that the system is planned and operated in a way that provides sufficient 
energy during widespread, long-duration extreme conditions.” 

 
This recommendation points out that capacity analysis is insufficient for planning and operational energy 
assurance and the need for energy assessment to fill in gaps. 
 
Recent Reliability Events 
Energy assurance and fuel assurance risks are becoming more apparent as extreme weather has resulted 
in deficits in energy (rather than capacity) in recent years. During the past 10 years, there have been 
multiple extreme events that jeopardized the BES where energy assessments could have helped identify 
and mitigate them. In February 2011, there was an arctic cold front in Southwest United States that resulted 
in generation outages and natural gas facility outages. In January 2014, there was a polar vortex that 
affected Central and Eastern United States and Texas. Again, the 2014 event triggered generation outages 
and natural gas availability issues. In January 2018, Southcentral United States experienced many 
generation outages that resulted in emergency measures. Due to drought conditions, the Oroville 

                                                       
4 2021 ERO Reliability Risk Priorities Report Source.  
5 2021 ERO Reliability Risk Priorities Report classifies risks to “manage” as risks that “are emerging, imminent, and pose significant threats and 
where thorough strategic planning and industry collaboration are needed for risk mitigation.” 
6 See figure on page 15 of the 2021 ERO Reliability Risk Priorities Report. 

https://www.nerc.com/comm/RISC/Documents/RISC%20ERO%20Priorities%20Report_Final_RISC_Approved_July_8_2021_Board_Submitted_Copy.pdf
https://www.nerc.com/comm/RISC/Documents/RISC%20ERO%20Priorities%20Report_Final_RISC_Approved_July_8_2021_Board_Submitted_Copy.pdf
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hydroelectric facility was shut down when reservoir levels dropped below its minimum operating elevation 
in 2021. In addition, load service on the Gulf and Atlantic Coasts were also disrupted by flooding and high 
winds generated by Hurricane Katrina (2005) and Hurricane Sandy (2012). Finally, the February 2021 event 
resulted from a cold air mass that impacted Mississippi, Louisiana, Arkansas, Oklahoma, and Texas. Events 
like these highlight the need for a new approach to reliability planning that sufficiently considers the 
extremes and variability that the BES is increasingly subject to.   
 
Recommendations 
Based on the review of the questionnaire and the NERC Reliability Standards gap review by the ERATF sub-
teams #1 and #2 as well as the RISC recommendations,7 standards authorization requests shall be 
submitted to the RSTC. The standards authorization requests for the operations and planning horizons 
should request new standards or revised standards to require the following:  

• Energy assessments should be conducted at regular intervals. 

• Energy assessments should meet set target criteria. 

• If energy assurance targets are not met, impacted entities should submit corrective action plans. 

 

                                                       
7 2021 RISC Report: 
https://www.nerc.com/comm/RISC/Documents/RISC%20ERO%20Priorities%20Report_Final_RISC_Approved_July_8_2021_Board_Submitted
_Copy.pdf  

https://www.nerc.com/comm/RISC/Documents/RISC%20ERO%20Priorities%20Report_Final_RISC_Approved_July_8_2021_Board_Submitted_Copy.pdf
https://www.nerc.com/comm/RISC/Documents/RISC%20ERO%20Priorities%20Report_Final_RISC_Approved_July_8_2021_Board_Submitted_Copy.pdf
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Energy Reliability Assessment Task Force 
Working Definitions  
 
Fuel 
This is any energy resource input that is converted to electrical power. The material used to produce electric 
power includes (but is not limited to) traditional fossil fuels (e.g., coal, oil, and natural gas) and other fuels 
(e.g., nuclear, hydro, wind, solar, wood, geothermal, and biomass). 
 
Energy Assurance 
Energy assurance refers to the reasonable confidence that steps have been taken during both normal times 
and during contingences to minimize negative impacts on transmission, fuel, and emissions as well as 
capacity analyses in order to maintain reliable BPS performance (see Figure 1, which shows the relationship 
between the energy assurance elements) in order to maintain reliable BPS performance. 
 

 
Figure 1: Energy Assurance Element Diagram 

 
Energy Reliability Assessment 
This is an evaluation of resources that supply electrical energy and ancillary services for the Bulk Electric System. This 
evaluation should include the following:  

• Consideration of impacts associated with limited resource (see indented bullet below) availability, 
including constraints imposed by the unassured and limited  supply of consumable resources 



 

 Energy Reliability Assessment Task Force Working Definitions 2 

 Resources include fuel (e.g., oil, natural gas, wind, sunlight, distributed energy resources), 
demand-side management, and anything else that is required for the reliable operation of a 
power plant (e.g., cooling water) that may be depleted (e.g., those depleted by multiple 
generators simultaneously).  

• Consideration of the combined limitations (including emissions limitations) applicable to all 
resources and transmission 

• Calculation of the potential impact of resource depletion 
 
Energy reliability assessments are different from capacity assessments in that they examine a span of time 
over all hours rather than a single point in time.  
 



GMD Monitoring Reference Document 

Action 
Approve 

Summary 
As part of the three-year review cycle for Reference Documents, the GMD Monitoring 
Reference Document was reviewed and updated. The RTOS posted the reference document for 
a 45-day comment period and addressed comments received during the comment period. The 
RTOS made conforming revisions to the reference document and is seeking RSTC approval. 

Agenda Item 5
 Reliability and Security Technical 

Committee Meeting
 June 8, 2022 
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Geomagnetic Disturbance Monitoring 
Reference Document v6 DRAFT 
 
Introduction 
This procedure outlines responsibilities of Reliability Coordinators (RCs) serving as Geomagnetic 
Disturbance (GMD) monitors in the North American Interconnections. Changes to this reference document 
will be at the direction of the Reliability and Security Technical Committee (RSTC) with the participation of 
the Real Time Operating Subcommittee (RTOS). 
 
This document applies to current and future GMD related procedural responsibilities assigned to the GMD 
monitor as outlined in NERC Reliability Standards (EOP-010). The GMD monitor supports dissemination of 
space weather alerts and warnings to operating entities in the Interconnection. 
 
Designation of GMD Monitor 
There will be one GMD monitor within each Interconnection. NERC RTOS will nominate a GMD monitor for 
each Interconnection. The RTOS will notify the NERC RSTC at its December meeting of the designated GMD 
monitors for the next two GMD monitor terms.  
 
The term of each GMD monitor shall be one (1) year. With the exception of the Eastern and Western 
Interconnections, the GMD monitor term shall be automatically renewed unless requested otherwise by 
providing a minimum of six (6) months’ notice to the NERC RTOS. The Eastern and Western Interconnection 
GMD monitors will rotate on an annual basis as listed in the Interconnection GMD Monitors section. Should 
an existing or future GMD monitor no longer be willing or able to fulfill its responsibilities, the NERC RSTC 
will direct the NERC RTOS to nominate a replacement and communicate the transition plan.  
 
If a GMD monitor fails to fulfill its responsibilities, the NERC RTOS will work with the GMD monitor to resolve 
the problem. The NERC RTOS will submit a report to the NERC RSTC either identifying corrective measures 
taken or provide a recommendation for a new GMD monitor.  
 
Responsibilities of the GMD Monitor 
The GMD monitors will receive GMD watches, alerts, and warnings through subscription to U.S. National 
Oceanographic and Atmospheric Administration (NOAA) Space Weather Prediction Center (SWPC) emails. 
All K-7 (G3 on the NOAA Scale1) or higher GMD warnings and alerts shall be routed by established 
procedures to operating entities within the applicable Interconnection. The SWPC is expected to initiate a 
NERC Hotline call for all K-7 or higher GMD warnings and/or alerts. Appendix B documents the expected 
call script during the SWPC initiated NERC Hotline call. Periodic testing of the GMD NERC Hotline process 
will be conducted at least once per calendar quarter as detailed in Appendix C.  

                                                      
1 https://www.swpc.noaa.gov/noaa-scales-explanation  

https://www.swpc.noaa.gov/noaa-scales-explanation
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Following a GMD event that results in hotline notification, GMD monitors should provide feedback to the 
RTOS on the execution of the notification procedures and provide recommendations, if any. They should 
also offer significant operating insights from the GMD Event, if any, for discussion with RTOS.  
 
Eastern Interconnection GMD Monitors 
The Eastern Interconnection GMD monitor will participate in the SWPC initiated phone communication with 
other RCs via the NERC Hotline. The GMD monitor will perform a roll call of RCs (all Interconnections) 
expected to participate. The GMD monitor will repeat back the GMD information provided by the SWPC 
during the call for clarity and correct any errors. The Eastern Interconnection GMD monitor will call the RC’s 
in the Eastern Interconnection, ERCOT, Hydro Quebec and/or Western Interconnection GMD monitor who 
did not participate in the SWPC call (unacknowledged during the roll call). 
 
The GMD monitor will post a message to the RC Information System (RCIS) outlining the GMD event 
information (level, time, including time zone, etc.). 
 
Western Interconnection (WECC) GMD Monitors 
The Western Interconnection GMD monitor will participate in the SWPC initiated phone communication 
with other RCs via the NERC Hotline. If the Eastern Interconnection GMD monitor is not present, the 
Western Interconnection GMD monitor will perform a roll call of RCs (all Interconnections) expected to 
participate. The Western Interconnection GMD monitor will call those RC’s in the WECC, ERCOT, Hydro 
Quebec and/or Eastern Interconnection GMD monitor who did not participate in the SWPC call 
(unacknowledged during the roll call). The GMD monitor will post a message to the Grid Messaging System 
(GMS) outlining the GMD event information (level, time, including time zone, etc.). 
 
GMD Monitor Transition 
The current GMD monitor will contact the next scheduled GMD monitor no later than October 1 to begin 
coordinating the transition that will occur on February 1 of the following year. This coordination should 
include local procedure(s) currently in use, data requirements, and communications. Appendix A includes 
a transition checklist. In the event the designated Interconnection GMD monitor is unable to fulfill its 
responsibilities, the previous GMD monitor should maintain the capability to perform the GMD monitor 
duties. 
 
Interconnection GMD Monitors  
RCs are assigned to serve as GMD monitor in each Interconnection as follows: 

1. ERCOT Interconnection – ERCOT RC 

2. Québec Interconnection – Hydro-Québec TransÉnergie RC 

3. Eastern Interconnection – The RCs in the Eastern Interconnection will rotate the GMD monitor 
responsibilities on an annual basis as follows: 

a. TVA – February 1, 2021 through January 31, 2022 

b. MISO – February 1, 2022 through January 31, 2023 
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c. IESO (Ontario) – February 1, 2023 through January 31, 2024 

d. NBP (New Brunswick Power) – February 1, 2024 through January 31, 2025 

e. VACAR-South – February 1, 2025 through January 31, 2026 

f. SPP – February 1, 2026 through January 31, 2027 

g. NYISO – February 1, 2027 through January 31, 2028 

h. PJM – February 1, 2028 through January 31, 2029  

i. ISO-NE – February 1, 2029 through January 31, 2030 

j. FRCC – February 1, 2030 through January 31, 2031 

4. Western Interconnection (WECC) – The RCs in the Western Interconnection will rotate the GMD 
monitor responsibilities on an annual basis as follows:  

a. BCRC – February 1, 2021 through January 31, 2022  

b. SPP – February 1, 2022 through January 31, 2023 

c. AESO – February 1, 2023 through January 31, 2024  

d. CAISO RC West – February 1, 2024 through January 31, 2025  

e. BCRC February 1, 2025 through January 31, 2026  
 
 

Version History 
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Appendix A: GMD Monitor Transition Checklist 
 
The following items are to be used as a guide for transitioning to the new GMD monitor prior to the new 
effective date. 
 

1. SWPC subscriptions – the outgoing GMD monitor will provide a list of the SWPC subscriptions 
currently received to the incoming GMD monitor 

2. Process documents – the outgoing GMD monitor will provide process steps, as requested, to the 
incoming GMD monitor. The incoming GMD monitors for the Eastern/Western Interconnections 
will distribute their process documents to other RCs within their interconnection. 

3. Roll call process – the outgoing GMD monitor will provide instruction to the incoming GMD 
monitor on performing the roll call. The Eastern Interconnection GMD monitor is responsible for 
performing the roll call. If not present, the Western Interconnection GMD monitor will be 
prepared to initiate the roll call. 

4. Orientation call with SWPC – the incoming GMD monitor(s) will arrange to attend an orientation 
call with the SWPC to discuss engagement with SWPC during NERC Hotline calls. 
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Appendix B: NERC Hotline Call Script 
 

1. SWPC initiates NERC Hotline call, waits for RC to initiate a roll call. 

2. One of the GMD monitors will initiate a roll call (primary – Eastern GMD monitor, backup – 
Western GMD monitor) and will facilitate the call. 

3. Once roll call completed, the SWPC will provide the GMD warning/alert information. 

4. The GMD monitor facilitating the call will summarize the information provided by the SWPC to 
allow for confirmation and/or clarification of any details. 

5. The GMD monitor will request any questions from the RCs participating in the call. 

6. Once questions have been addressed the GMD monitor will end the call. 
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Appendix C: GMD Hotline Call Test Schedule 
 
The GMD Hotline call will be tested quarterly, in February, May, August and November each year.  The test 
will take place at 11:00 a.m. Eastern time using the following schedule. SWPC will initiate the call and the 
call will be moderated by the Eastern Interconnection Time Monitor or the Western Interconnection Time 
Monitor as indicated below. 
 
 

GMD Hotline Test Schedule 
Date of Test  Responsible GMD 

Monitor  
Date of Test Responsible GMD 

Monitor 
  February 26, 2024 NBPC 
May 23, 2022 SPP (West) May 27, 2024 CAISO RC West 
August 22, 2022 MISO August 26, 2024 NBPC 
November 28, 2022 SPP (West) November 25, 2024 CAISO RC West 
February 27, 2023 IESO February 24, 2025 VACAR-S 
May 22, 2023 AESO May 26, 2025 BCRC 
August 21, 2023 IESO August 25, 2025 VACAR-S 
November 27, 2023 AESO November 24, 2025 BCRC 
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Geomagnetic Disturbance Monitoring 
Reference Document v6 DRAFT 
 
Introduction 
This procedure outlines responsibilities of Reliability Coordinators (RCs) serving as Geomagnetic 
Disturbance (GMD) monitors in the North American Interconnections. Changes to this reference document 
will be at the direction of the NERC Operating Reliability and Security Technical Committee (OCRSTC) with 
the participation of the Real Time Operating Reliability Subcommittee (ORTOS). 
 
This document applies to current and future GMD related procedural responsibilities assigned to the GMD 
monitor as outlined in NERC Reliability Standards (EOP-010). The GMD monitor supports dissemination of 
space weather alerts and warnings to operating entities in the Interconnection. 
 
Designation of GMD Monitor 
There will be one GMD monitor within each Interconnection. NERC ORTOS will nominate a GMD monitor 
for each Interconnection. The ORTOS will notify the NERC OCRSTC at its December meeting of the 
designated GMD monitors for the next two GMD monitor terms.  
 
The term of each GMD monitor shall be one (1) year. With the exception of the Eastern and Western 
Interconnections, the GMD monitor term shall be automatically renewed unless requested otherwise by 
providing a minimum of six (6) months’ notice to the NERC ORTOS. The Eastern and Western 
Interconnection GMD Mmonitors will rotate on an annual basis as outlined belowlisted in the 
Interconnection GMD Monitors section. Should an existing or future GMD monitor no longer be willing or 
able to fulfill its responsibilities, the NERC OCRSTC will direct the NERC ORTOS to nominate a replacement 
and communicate the transition plan.  
 
If a GMD monitor fails to fulfill its responsibilities, the NERC ORTOS will work with the GMD monitor to 
resolve the problem. The NERC ORTOS will submit a report to the NERC OCRSTC either identifying corrective 
measures taken or provide a recommendation for a new GMD monitor.  
 
Responsibilities of the GMD Monitor 
The GMD monitors will receive GMD watches, alerts, and warnings. All K-7 through subscription to U.S. 
National Oceanographic and Atmospheric AdministationAdministration (NOAA) Space Weather Prediction 
Center (SWPC) emails. All K-7 (G3 on the NOAA Scale1) or higher GMD warnings and alerts shall be routed 
by established procedures to operating entities within the applicable Interconnection. The SWPC is 
expected to initiate a NERC Hotline call for all K-7 or higher GMD warnings and/or alerts. Appendix B 
documents the expected call script during the SWPC initiated NERC Hotline call. Periodic testing of the GMD 
NERC Hotline process will be conducted at least once per calendar quarter as detailed in Appendix C.  
                                                      
1 https://www.swpc.noaa.gov/noaa-scales-explanation 
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Following a GMD event that results in hotline notification, GMD monitors should provide feedback to the 
RTOS on the execution of the notification procedures and provide recommendations, if any. They should 
also offer significant operating insights from the GMD Event, if any, for discussion with RTOS.  
 
Eastern Interconnection GMD Monitors 
The Eastern Interconnection GMD monitor will participate in the Space Weather Prediction Center (SWPC) 
initiated phone communication with other Reliability CoordinatorsRCs via the NERC Hotline. The GMD 
monitor will perform a roll call of RCs (all Interconnections) expected to participate. The GMD monitor will 
repeat back the GMD information provided by the SWPC during the call for clarity and correct any errors. 
TheThe Eastern Interconnection GMD monitor will call the RC’s in the Eastern Interconnection, ERCOT 
and/or, Hydro Quebec and/or Western Interconnection GMD monitor who did not participate in the SWPC 
call. (unacknowledged during the roll call). 
 
The GMD monitor will post a message to the Reliability CoordinatorRC Information System (RCIS) outlining 
the GMD event information (level, time, including time zone, etc.). 
 
Western Interconnection (WECC) GMD Monitors 
The Western Interconnection GMD monitor will participate in the Space Weather Prediction Center (SWPC) 
initiated phone communication with other Reliability CoordinatorsRCs via the NERC Hotline. TheIf the 
Eastern Interconnection GMD monitor is not present, the Western Interconnection GMD monitor will 
perform a roll call of RCs (all Interconnections) expected to participate. The Western Interconnection GMD 
monitor will call those RC’s in the WECC, ERCOT, Hydro Quebec and/or Eastern Interconnection GMD 
monitor who did not participate in the SWPC call (unacknowledged during the roll call). The GMD monitor 
will post a message to the Grid Messaging System (GMS) outlining the GMD event information (level, time, 
including time zone, etc.). 
 
GMD Monitor Transition 
The current GMD monitor will contact the next scheduled GMD monitor no later than October 1 to begin 
coordinating the transition that will occur on February 1 of the following year. This coordination should 
include local procedure(s) currently in use, data requirements, and communications. Appendix A includes 
a transition checklist. In the event the designated Eastern Interconnection GMD monitor is unable to fulfill 
its responsibilities, the previous GMD monitor should maintain the capability to perform the GMD monitor 
duties. 
 
Interconnection GMD Monitors  
EachRCs are assigned to serve as GMD monitor in each Interconnection has identified the following 
Reliability Coordinator as its GMD monitoras follows: 

1. ERCOT Interconnection – ERCOT Reliability CoordinatorRC 

2. Québec Interconnection – Hydro-Québec TransÉnergie Reliability CoordinatorRC 

3. Eastern Interconnection – The Reliability CoordinatorsRCs in the Eastern Interconnection will rotate 
the GMD monitor responsibilities on an annual basis as follows: 
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a. SaskPower – February 1, 2019 through January 31, 2020 

b. Southeastern – February 1, 2020 through January 31, 2021 

a. TVA – February 1, 2021 through January 31, 2022 

b. MISO – February 1, 2022 through January 31, 2023 

c. IESO (Ontario) – February 1, 2023 through January 31, 2024 

d. NBP (New Brunswick Power) – February 1, 2024 through January 31, 2025 

e. VACAR-South – February 1, 2025 through January 31, 2026 

f. SPP – February 1, 2026 through January 31, 2027 

g. NYISO – February 1, 2027 through January 31, 2028 

h. PJM – February 1, 2028 through January 31, 2029  

i. ISO-NE – February 1, 2029 through January 31, 2030 

j. FRCC – February 1, 2030 through January 31, 2031 

4. Western Interconnection (WECC) – The Reliability CoordinatorsRCs in the Western Interconnection 
will rotate the GMD monitor responsibilities on an annual basis as follows:  

c. CAISO RC West – December 3, 2019 through January 31, 2021 

a. BCRC – February 1, 2021 through January 31, 2022 (requires NERC Hotline Access) 

b. AESOSPP – February 1, 2022 through January 31, 2023 (requires NERC Hotline Access) 

c. AESOSPPCAISO RC West – February 1, 2023 through January 31, 2024  

d. CAISO RC WestBCRC – February 1, 2024 through January 31, 2025  

e. AESO BCRC – February 1, 2025 through January 31, 2026 (requires NERC Hotline Access)  
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Appendix A: GMD Monitor Transition Checklist 
 
The following items are to be used as a guide for transitioning to the new GMD monitor prior to the new 
effective date. 
 

1. SWPC subscriptions – the outgoing GMD monitor will provide a list of the SWPC subscriptions 
currently received to the incoming GMD monitor 

2. Process documents – the outgoing GMD monitor will provide process steps, as requested, to the 
incoming GMD monitor. The incoming GMD monitors for the Eastern/Western Interconnections 
will distribute their process documents to other RCs within their interconnection. 

3. Roll call process – the outgoing GMD monitor will provide instruction to the incoming GMD 
monitor on performing the roll call. The Eastern Interconnection GMD monitor is responsible for 
performing the roll call. If not present, the Western Interconnection GMD monitor will be 
prepared to initiate the roll call. 

4. Orientation call with SWPC – the incoming GMD monitor(s) will arrange to attend an orientation 
call with the SWPC to discuss engagement with SWPC during NERC Hotline calls. 

 
 



 

 
 

RELIABILITY | RESILIENCE | SECURITY 

 

Appendix B: NERC Hotline Call Script 
 

1. SWPC initiates NERC Hotline call, waits for RC to initiate a roll call. 

2. One of the GMD monitors will initiate a roll call (primary – Eastern GMD monitor, backup – 
Western GMD monitor) and will facilitate the call. 

3. Once roll call completed, the SWPC will provide the GMD warning/alert information. 

4. The GMD monitor facilitating the call will summarize the information provided by the SWPC to 
allow for confirmation and/or clarification of any details. 

5. The GMD monitor will request any questions from the RCs participating in the call. 

6. Once questions have been addressed the GMD monitor will end the call. 
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Appendix C: GMD Hotline Call Test Schedule 1 
 2 
The GMD Hotline call will be tested quarterly, in February, May, August and November each year.  The test 3 
will take place at 11:00 a.m. Eastern time using the following schedule. SWPC will initiate the call and the 4 
call will be moderated by the Eastern Interconnection Time Monitor or the Western Interconnection Time 5 
Monitor as indicated below. 6 
 
 7 

GMD Hotline Test Schedule 
Date of Test  Responsible GMD 

Monitor  
Date of Test Responsible GMD 

Monitor 
  February 26, 2024 NBPCNBPC 
May 23, 2022 SPP (West)SPP (West) May 27, 2024 CAISO RC WestBCRC 
August 22, 2022 MISOMISO August 26, 2024 NBPCNBPC 
November 28, 2022 SPP (West)SPP (West) November 25, 2024 CAISO RC WestBCRC 
February 27, 2023 IESOIESO February 24, 2025 VACAR-SVACAR-S 
May 22, 2023 AESORC West May 26, 2025 BCRCAESO 
August 21, 2023 IESOIESO August 25, 2025 VACAR-SVACAR-S 
November 27, 2023 AESORC West November 24, 2025 BCRCAESO 
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 Reliability and Security Technical 

Committee Meeting
 June 8, 2022 

Reliability Coordinator Reliability Plan Reference Document 

Action 
Approve 

Summary 
As part of the three-year review cycle for Reference Documents, the Reliability Coordinator 
Reliability Plan Reference Document was reviewed and updated. The RTOS is seeking RSTC 
approval of the Reference Document. 
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Reliability Coordinator Reliability Plan 
Reference Document 
 
Introduction 
This reference document provides the framework for the development, update, and endorsement process 
for Reliability Coordinator (RC) Reliability Plans. Changes to this reference document will be at the direction 
of the NERC Reliability and Security Technical Committee (RSTC) with the participation of the Real Time 
Operating Subcommittee (RTOS). 
 
RC Reliability Plans are used by RCs to document each RC’s plan for meeting the obligations of the functional 
area and ensure that the plan is adequately coordinated with the entities within the RC area and 
neighboring entities. RCs may develop individual RC Reliability Plans or opt to include multiple RCs, such as 
RCs of a particular Region, within a single Reliability Plan. 
 
Background 
The NERC Standard, IRO-001-1.1 Reliability Coordination - Responsibilities and Authorities, required RCs to 
comply with Reliability Plans that have been approved by the NERC RSTC. The requirement for Reliability 
Plans predated the mandatory and enforceable Reliability Standards for RCs. The requirement to develop 
Reliability Plans was therefore retired on April 1, 2017. The RC Reliability Plan is a valuable tool for 
coordination within an RC area and among neighboring RCs within the same Interconnection and therefore 
the RTOS has developed this Reliability Coordinator Reliability Plan Reference Document in order to 
maintain a process for RCs to develop, maintain and coordinate their reliability plans, in absence of a formal 
NERC requirement to do so. 
 
Contents of the RC Reliability Plan 
Each RC Reliability Plan will differ based on the way each RC does business and how that RC interacts with 
its member entities and neighboring RCs. Each RC should consider adding the following information to their 
Reliability Plan. If this information is located in a separate document, the Reliability Plan should reference 
the document where the information is located. 

• A revision history of changes from previous versions of the document 

• A description of RC decision making authority 

• An overall description of the RC responsibilities 

• List of Balancing Authorities (BAs), Local BAs (if applicable), and Transmission Operators (TOPs) in 
the RC footprint 

• A description of the RC footprint 

• A description of the RCs requirements regarding pseudo-tied generation and load 
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• A description of the congestion management process the RC uses to manage congestion. This 
description should include: 

 How congestion on internal constraints are managed 

 How congestion on external constraints are managed, if applicable 

 A list and description of bilateral or multilateral congestion management agreements, e.g. CMP 
or market to market type agreements 

• A description of how the RC maintains wide-area visibility, e.g. tools, processes, what is monitored 

• A description of processes used to perform its Operational Planning Analyses, Real-time monitoring, 
and Real-time Assessments 

• A description of emergency operations plans 
 
RC Reliability Plan Updates and Changes 
It is recommended that the RC Reliability Plans be reviewed every three years for changes to the plan. The 
Reliability Plan should be updated, re-coordinated and re-endorsed by the RTOS for significant changes to 
the way an RC plans to meet its functional requirements. Changes that are expected to initiate an off-cycle 
update, re-coordination and re-endorsement can include but are not limited to: 

• Significant changes to RC footprint BAs or TOPs (excluding new pseudo-ties) 

• Significant changes to RC congestion management processes 

• Changes that could have a significant impact on neighboring entities 
 
Endorsement of RC Reliability Plan by the NERC RTOS 
New RC Reliability Plans or updated RC Reliability Plans with significant changes should be submitted to the 
Regional Entities, if required, for initial review. The plan should then be submitted to the RTOS for review 
and endorsement prior to the effective date of the new or updated RC Reliability Plan. Endorsement of the 
RC Reliability Plans is a non-binding approval that gives all RCs in the North American power system an 
opportunity to review each other’s Reliability Plans and offer suggested changes. 
 
The RTOS endorsement of the RC Reliability Plan is based upon its completeness in the contents 
 
Following its review of the RC Reliability Plan, the RTOS will decide, through a majority vote, whether or not 
to endorse the RC Reliability Plan. If endorsement is not achieved, the RC should work with the RTOS to 
revise the plan or develop additional mitigations plans. The RTOS endorsed RC Reliability Plan will be posted 
to the RTOS section of the NERC website1. The results of the final endorsement motion will be 
communicated to the NERC RSTC.  
 
 
 
                                                      
1 https://www.nerc.com/comm/RSTC/Pages/RTOS.aspx  

https://www.nerc.com/comm/RSTC/Pages/RTOS.aspx


Reliability Coordinator Reliability Plan Reference Document – Version 2 
Approved by the RSTC on XX XX, XXXX 3 

Endorsement Process Flow Chart 



 
 
 
 
 
 

Reliability Coordinator Reliability Plan 
Reference Document 
Introduction 
This reference document provides the framework for the development, update, and endorsement process 
for Reliability Coordinator (RC) Reliability Plans. Changes to this reference document will be at the direction 
of the NERC Operating Committee Reliability and Security Technical Committee (RSTC) (OC) with the 
participation of the Operating Reliability Subcommittee (ORS).Real Time Operating Subcommittee (RTOS). 

 
RC Reliability Plans are used by RCs to document each RC’s plan for meeting the obligations of the functional 
area and ensure that the plan is adequately coordinated with the entities within the RC area and 
neighboring entities. RCs may develop individual RC Reliability Plans or opt to include multiple RCs, such as 
RCs of a particular Region, within a single Reliability Plan. 

 
Background 
The NERC Standard, IRO-001-1.1 Reliability Coordination - Responsibilities and Authorities, required RCs to 
comply with Reliability Plans that have been approved by the NERC OCRSTC. The requirement for Reliability 
Plans predated the mandatory and enforceable Reliability Standards for RCs. The requirement to develop 
Reliability Plans was therefore retired on April 1, 2017. The RC Reliability Plan is a valuable tool for 
coordination within an RC area and among neighboring RCs within the same Interconnection and therefore 
the ORS RTOS has developed this Reliability Coordinator Reliability Plan Reference Document in order to 
maintain a process for RCs to develop, maintain and coordinate their reliability plans, in absence of a formal 
NERC requirement to do so. 

 
Contents of the RC Reliability Plan 
Each RC Reliability Plan will differ based on the way each RC does business and how that RC interacts with 
its member entities and neighboring RCs. Each RC should consider adding the following information to their 
Reliability Plan. If this information is located in a separate document, the Reliability Plan should reference 
the document where the information is located. 

• A revision history of changes from previous versions of the document 

• A description of RC decision making authority 

• An overall description of the RC responsibilities 

• List of Balancing Authorities (BAs), Local BAs (if applicable), and Transmission Operators (TOPs) in 
the RC footprint 

• A description of the RC footprint 

• A description of the RCs requirements regarding pseudo-tied generation and load 

• A description of the congestion management process the RC uses to manage congestion. This 
description should include: 
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 How congestion on internal constraints are managed 

 How congestion on external constraints are managed, if applicable 

 A list and description of bilateral or multilateral congestion management agreements, e.g. CMP 
or market to market type agreements 

• A description of how the RC maintains wide-area visibility, e.g. tools, processes, what is monitored 

• A description of processes used to perform its Operational Planning Analyses, Real-time monitoring, 
and Real-time Assessments 

• A description of emergency operations plans 
 

RC Reliability Plan Updates and Changes 
It is recommended that the RC Reliability Plans be reviewed every three years for changes to the plan. The 
Reliability Plan should be updated, re-coordinated and re-endorsed by the ORS RTOS for significant changes 
to the way an RC plans to meet its functional requirements. Changes that are expected to initiate an off-
cycle update, re-coordination and re-endorsement can include but are not limited to: 

• Significant changes to RC footprint BAs or TOPs (excluding new pseudo-ties) 

• Significant changes to RC congestion management processes 

• Changes that could have a significant impact on neighboring entities 
 

Endorsement of RC Reliability Plan by the NERC ORSRTOS 
New RC Reliability Plans or updated RC Reliability Plans with significant changes should be submitted to the 
Regional Entities (REs), if required, for initial review. The plan should then be submitted to the ORS RTOS 
for review and endorsement prior to the effective date of the new or updated RC Reliability Plan. 
Endorsement of the RC Reliability Plans is a non-binding approval that gives all RCs in the North American 
power system an opportunity to review each other’s Reliability Plans and offer suggested changes. 

 
The ORS RTOS endorsement of the RC Reliability Plan is based upon its completeness in the contents 

 
Following its review of the RC Reliability Plan, the ORS RTOS will decide, through a majority vote, whether 
or not to endorse the RC Reliability Plan. If endorsement is not achieved, the RC should work with the ORS 
RTOS to revise the plan or develop additional mitigations plans. The RTOS endorsed RC Reliability Plan will 
be posted to the RTOS section of the NERC website. The results of the final endorsement motion will be 
communicated to the NERC OCRSTC. . 

https://www.nerc.com/comm/RSTC/Pages/RTOS.aspx
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Agenda Item 7
 Reliability and Security Technical 

Committee Meeting
 June 8, 2022 

2022 State of Reliability Report 
Action 
Information 

Background 
The State of Reliability Report (SOR) is prepared annually to provide objective, credible, and concise 
information to policy makers, industry leaders, and the NERC Board of Trustees (Board) on issues affecting 
the reliability and resilience of the North America BPS. Specifically, the report:  

• Identifies system performance trends and emerging reliability risks,
• Determines the relative health of the interconnected system, and
• Measures the success of mitigation activities deployed.

The key findings and recommendations of the report serve as the technical foundation for NERC’s range 
of risk-informed efforts addressing reliability performance and serve as key inputs to the ERO Reliability 
Risk Priorities Report prepared by the Reliability Issues Steering Committee (RISC). The metrics measured 
in the report address the characteristics of an adequate level of reliability (ALR).  

In developing the 2022 SOR, NERC staff and the Performance Analysis Subcommittee continue to tailor 
content for the policy maker and industry leader audience. NERC management expects to issue the 2022 
SOR in July. The review schedule below identifies key milestones for the report. 

2022 State of Reliability Report Schedule 
Date Description 

June 7 Presentation to RSTC, Beginning of Review Period 

Mid-June RSTC Endorsement 

Early July Board and MRC Review; Board Acceptance 

Mid-July Report release (Target) 



Agenda Item 8 
Reliability and Security Technical 

Committee Meeting 
June 8, 2022 

Generating Availability Data System (GADS) Data Request for Utility-Scale Solar 
Plants and Updates for GADS Wind and Conventional GADS 

Action 
Accept to post for a 45-day public comment period. 

Background 
NERC has required reporting of conventional generation inventory, performance, and event 
data since 2012. In 2015, NERC issued a Section 1600 data request to expand the collection of 
GADS data to include wind generation. Reporting of wind generation data became mandatory 
in 2018 with a phased-in approach; in 2020, the final phase of wind plants began reporting. The 
increasing penetration of solar generation has prompted the need for NERC to have 
information about utility-scale solar facilities whose operation may impact the bulk electric 
system.  

In 2018, NERC and the GADS Working Group (now the GADS User Group) began developing 
data reporting requirements for utility-scale solar facilities and connected energy storage at the 
plant. During the development of the data reporting requirements for solar facilities, gaps in 
the reporting requirements for wind reporting were identified, namely event reporting and 
connected energy storage at the plant. The expansion of data requirements for GADS Wind will 
improve NERC’s ability to evaluate performance of renewable and conventional generation and 
provide comparable reporting requirements for both wind and utility-scale solar generation.  

Conventional GADS reporting of design data is currently limited to basic location information, 
(i.e., address details) and the Energy Information Administration code. This limits NERC’s ability 
to conduct detailed analysis to evaluate whether certain types of unit configurations or key 
operating components are impacted by operating conditions such as extreme weather. As part 
of the modifications being requested in this GADS Data Request, NERC and the GADS User 
Group propose to modify conventional GADS reporting to include limited design data by unit 
type and add a Contributing Operating Condition field.   

Per NERC Rules of Procedure, NERC has notified FERC and will post the GADS Data Request for a 
45-day stakeholder comment period. NERC staff and the GADS User Group will review the 
comments received and make appropriate revisions. Following the public comment period, the 
GADS Data Request will be provided to the RSTC for endorsement and recommendation to the 
NERC Board of Trustees for approval in late 2022.



Agenda Item 9 
Reliability and Security 

Technical Committee Meeting 
June 8, 2022 

White Paper: BPS Reliability Perspectives for Distributed Energy Resource 
Aggregators 

Action 
Approve 

Summary 
This white paper provides bulk power system (BPS) reliability perspectives and considerations 
regarding distributed energy resource (DER) aggregation in light of Federal Energy 
Regulatory Commission (FERC) Order No. 2222.,1 which introduces the concept of DER 
aggregation in wholesale electricity markets. While NERC and its technical stakeholder groups 
are not directly involved in market-related activities, the NERC SPIDERWG recognizes that the 
introduction of the DER aggregator to the overall electricity ecosystem will have an 
impact on BPS planning, operations, design, and overall grid reliability. The introduction of the 
DER aggregator specifically raises questions on how to plan for, model, and simulate the 
behavior of the DERs contained in the aggregation operated by the DER aggregator. This 
paper provides high level concepts for ISO/RTOs to explore when implementing FERC Order 
No. 2222 and recommends some relevant SPIDERWG authored documents to consider (e.g., 
the modeling reliability guidelines that have been published over the past three years). The 
paper also requests additions to the SPIDERWG work plan to further investigate and provide 
guidance for the electrical characteristic changes that a DER aggregator may have when 
SPIDERWG members begin to see DER aggregators in their footprint. 

SPIDERWG is seeking RSTC approval at this time 

1 FERC Order No. 2222, Participation of Distributed Energy Resource Aggregations in Markets Operated by Regional 
Transmission Organizations and Independent System Operators, issued September 17, 2020, effective December 
21, 2020. 
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Purpose 
This white paper provides bulk power system (BPS) reliability perspectives and considerations regarding 
distributed energy resource (DER) aggregation in light of Federal Energy Regulatory Commission (FERC) 
Order No. 2222.,1 which introduces the concept of DER aggregation in wholesale electricity markets. 
Subsequently, Order No. 2222-A and Order No. 2222-B have been issued2. 
 
While NERC and its technical stakeholder groups are not directly involved in market-related activities, the 
NERC SPIDERWG recognizes that the introduction of the DER aggregator to the overall electricity ecosystem 
will have an impact on BPS planning, operations, design, and overall grid reliability. The introduction of the 
DER aggregator specifically raises questions on how to plan for, model, and simulate the behavior of the 
DERs contained in the aggregation operated by the DER aggregator. As Transmission Planners (TPs) study 
the ability to serve load in their area, they will need to account for, as an example, the potential of any 
reduction of power from DER or other Load Modifiers like Demand Response of the DER aggregators and 
the capability from these resources to serve large customer loads3 (e.g., arc furnaces, heavy industry loads, 
harmonic-producing loads, etc.) in the simulations performed by the TP. This white paper is intended to 
provide BPS reliability perspectives on various requirements within FERC Order No. 2222. It also discusses 
ways that Regional Transmission Organizations (RTOs)/Independent System Operators (ISOs), which are 
generally registered as Balancing Authorities (BAs) and Reliability Coordinators (RCs),, can leverage existing 
SPIDERWG guidelines and recommended practices when developing tariff revisions or business practices 
responsive to FERC Order No. 2222.4 The paper also provides recommendations for areas of future work 
that SPIDERWG or another NERC technical stakeholder group should pursue to better address any gaps. 
This white paper explores the following high-level concepts that RTOs/ISOs should consider in their 
implementation of FERC Order No. 2222: 

• How ISO/RTOs consider the implementation of FERC Order No. 2222 could impact the ability of 
Transmission Planners (TPs) to ensure BPS planning and operating models and simulations remain 
accurate as DERs continue to proliferate and participate in DER aggregations. Particularly, which 

                                                      
1 FERC Order No. 2222, Participation of Distributed Energy Resource Aggregations in Markets Operated by Regional Transmission 
Organizations and Independent System Operators, issued September 17, 2020, effective December 21, 2020. 
2 FERC Order No. 2222-A was issued March 18, 2021 and effective June 1, 2021. FERC Order No. 2222-B was issued June 17, 2021 and 
effective August 27, 2021. 
3 This is inclusive of energy storage capability that can time-shift power production to serve these loads. 
4 All ISO/RTOs are registered with NERC as Balancing Authorities (BAs), Planning Coordinators (PCs), and Reliability Coordinators (RCs) and 
have an important role and responsibility for ensuring BPS reliability in the planning and operations time horizons. 
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entities are responsible for providing the data5, what data is being requested, and which entities 
receive the data6 

• How ISO/RTOs ensure that the study cases used by Transmission Planners (TPs) and Planning 
Coordinators (PCs) appropriately reflect the expected operating conditions of DERs and the results 
of implementing FERC Order No. 2222. Particularly what data is needed at various stages of these 
studies, and how the data is maintained at the distribution and transmission level. 

• How ISO/RTOs consider the implementation of FERC Order No. 2222 ensures that Transmission 
Operators (TOPs) have sufficient visualization of aggregate DERs to operate within System 
Operating Limits (SOLs) 

 
Background 
The NERC SPIDERWG was established in December 20187 as a stakeholder forum to focus on the impacts 
and benefits that aggregate amounts of DERs may have on transmission planning and BPS reliability. 
SPIDERWG developed guidelines and recommended practices in the following areas: modeling, verification, 
studies, and coordination.8 
 
With the continued integration of large amounts of DERs in many areas across North America and the 
projections of future DER growth in the future, combined with the introduction of DER aggregation and the 
participation of DER aggregators in wholesale electricity markets, SPIDERWG believes it is necessary to shed 
some light on some key reliability-focused aspects of the new paradigm of grid planning, operations, design, 
and engineering. The FERC Order No. 2222 addresses the ISO/RTOs directly, and most of those companies 
are registered as a BA, RC, TOP, PC or a combination of the four. As such, the recommendations in this 
paper may be directed at ISO/RTOs and to BAs, RCs, TOPs, and PCs, and will sometimes address the same 
entity. This SPIDERWG whitepaper follows some of the key considerations of FERC Order No. 2222 and 
existing requirements related to DER interconnection (e.g., IEEE 1547-2018), and provides perspectives for 
helping ensure continued reliability, security, and resilience of the BPS.  
 
Terminology 
In FERC Order No. 2222, FERC amended the Open Access Transmission Tariff (OATT) by defining both “DER” 
and “DER aggregator” as shown here:  
 

Distributed Energy Resource (DER):9 any resource located on the distribution system, any 
subsystem thereof or behind a customer meter. 
 

                                                      
5 MOD-032 currently has the TP and PC engage with the TO in order to obtain DP level data aggregated to an appropriate BPS bus. It is 
assumed for this question that the DER Aggregator would engage with the DP in this same manner.  
6 Unclear procedures can impact the ability of the TP to gather appropriate data for their simulations. Specifying the data, who provides the 
data, and who receives the data makes a clear process for the DER aggregators to interface with. 
7 https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Scope.pdf 
8 https://www.nerc.com/comm/RSTC/Pages/SPIDERWG.aspx 
9 FERC Order No. 2222, page 93, P114 

https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Scope.pdf
https://www.nerc.com/comm/RSTC/Pages/SPIDERWG.aspx
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Distributed Energy Resource Aggregator (DER aggregator):10 the entity that aggregates one or 
more distributed energy resources for purposes of participation in the capacity, energy and/or 
ancillary service markets of the regional transmission organizations and/or independent system 
operators.  

 
FERC clarified that for the purposes of the OATT, DER may include but are not limited to “resources that are 
in front of and behind the customer meter, electric storage resources, intermittent generation, distributed 
generation, demand response, energy efficiency, thermal storage, and electric vehicles and their supply 
equipment” as long as such resource is “located on the distribution system, any subsystem thereof or 
behind a customer meter.”11 FERC Order No. 2222 neither amended nor proposed to amend the Glossary 
of Terms Used in NERC Reliability Standards nor the NERC Rules of Procedure. Further, Order No. 2222 itself 
does not make any changes to the interconnection rules that the states oversee. 
 
SPIDERWG maintains a set of working definitions related to DERs, which informs reliability guidelines and 
recommended practices produced by SPIDERWG. SPIDERWG has defined “DER” to strictly refer to sources 
of electric power on the distribution system12 (not inclusive of load resources). On the other hand, the 
definition presented in FERC Order No. 2222, defines DER as any resource located on the distribution 
system. The distinct difference between definitions is that the FERC definition is inclusive of demand 
response13 and load elements whereas the SPIDERWG working definition excludes demand response as it 
is not considered a source of power. Rather, it is considered a Load Modifier in the set of SPIDERWG terms 
as it controls of modifies load and consumption of energy rather than being a source of power. The 
SPIDERWG aligns with the definition of DER presented in IEEE 1547-2018,14 and is considered appropriate 
for the purposes of reliability-centric discussions. Unless otherwise noted, this whitepaper uses terms 
defined in the SPIDERWG Terms and Definitions Working Document.15 It is understood that the definition 
used in FERC Order No. 2222 are related specifically to electricity markets and that different definitions for 
DER-related activities can be used for the purposes of reliability-centric discussions around DER integration 
and aggregation. 
 

 
 

                                                      
10 FERC Order No. 2222, page 95, P118 
11 FERC Order No. 2222, page 93, P114 
12 These resources can also inject power to the BPS through the distribution system. This concept is covered in the various modeling 
Reliability Guidelines provided in the Modeling section of this white paper. 
13 FERC Order No. 2222, Paragraph 114, Page 93 of 290 
14 https://standards.ieee.org/standard/1547-2018.html 
15 https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Terms%20and%20Definitions%20Working%20Document.pdf 

Key Recommendation 
The SPIDERWG term for DER is considered appropriate for reliability-focused discussions and is used 
throughout this document unless otherwise noted. Regardless of any differences in the definition of 
DER, it is imperative that industry ensure a clear and appropriate definition of DER based on the 
specific context in which the term is being used for either reliability or market-related discussions. 

https://standards.ieee.org/standard/1547-2018.html
https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Terms%20and%20Definitions%20Working%20Document.pdf
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Quick Overview of FERC Order No. 2222 
This section provides a brief overview of the specific requirements16 and facets in FERC Order No. 2222 that 
the SPIDERWG believes are particularly important to understand their impact to ensure BPS reliability. 
Specifically, these focus areas include, at a minimum, the following:  

• DER aggregations participating in RTO/ISO-organized wholesale electric markets 

• Establishing DER aggregators as a type of market participant 

• DER aggregators registering DER aggregations under one or more participation models that 
accommodate the physical and operational characteristics of the DER aggregations 

• Establishing market rules that address the following technical considerations: 

 Minimum size requirement for DER aggregations that does not exceed 100 kW 

 Locational requirements for DER aggregations 

 Distribution factors and bidding parameters for DER aggregations 

 Information and data requirements for DER aggregations 

 Metering and telemetry requirements for DER aggregations 

 Coordination between the RTO/ISO, the DER aggregator, the distribution utility, and the relevant 
electric retail regulatory authorities 

 Modifications to the list of resources in a DER aggregation 

 Market participation agreements for DER aggregators 

• Bidding from DER aggregators where the DERs are customers of utilities that distributed more (as 
well as less) than 4 million MWh of energy in the previous fiscal year 

 
These topics will be covered in the following sections, particularly in how they are being addressed by the 
NERC SPIDERWG and its focus on modeling, verification, studies, and coordination.  
 
Key BPS Reliability Areas with the Introduction of DER Aggregators 
The introduction of the DER aggregator will have an effect on BPS reliability, particularly in the way that BPS 
operations and planning will have to adapt to the DER aggregator. However, it is first important to 
understand that those impacts will differ from impacts that increasing interconnection of new DERs will 
simultaneously have on BPS reliability. Further, the interconnection of new facilities17 also encompasses 
modifications made to existing interconnections as changes to existing DER facilities requires similar studies 
and coordination efforts as if the facility was adding a new generator. The key reliability areas that should 
be considered with the introduction of a DER aggregator in a TP/ PC area that include at least the following:  
 
                                                      
16 The text of the order is available here: https://www.ferc.gov/sites/default/files/2020-09/E-1_0.pdf  
17 This interconnection can occur under an aggregation operated by a DER aggregator or outside of an aggregation operated by a DER 
aggregator. 

https://www.ferc.gov/sites/default/files/2020-09/E-1_0.pdf
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• Interconnection Standards: These standards dictate the equipment requirements, specifications, 
and capabilities of the DER facility. Many of these standards deal with the electrical characteristics 
and equipment properties to help control things like harmonics in the inverter. IEEE 1547-2018 is a 
prominent standard that defines interconnection and interoperability requirements and verification 
processes for DERs connected to electric power systems18.  SPIDERWG developed guidance19 on 
IEEE 1547-2018. Such guidance sufficiently covers the DER aggregator20, thus no revision of the 
standards with the introduction of a DER aggregator is required at this time. 

• Services Provided: The NERC Essential Reliability Services Task Force (ERSTF) enumerated a few 
services that a resource can offer to maintain the reliability of the BPS21. The RTO and ISO may have 
markets available to procure enough resources in support of those services. The Distributed Energy 
Resource Aggregator may be able to alter the type and quantity of a specific service for a specific 
aggregation of DER.   

• Electrical Characteristics at T-D Interface: The Transmission to Distribution Interface (T-D Interface) 
is the point at which the distribution system meets the transmission system, primarily modeled with 
a load at a BPS bus in positive sequence transmission models. The electrical characteristics at this 
interface are dictated by the equipment sinks or sources on either side of the Interface, inclusive of 
DER, and the operation of such equipment. Inverter settings and control logic from the DER 
equipment impact the T-D Interface. Such settings dictate the inverter behavior based on various 
monitored electrical quantities. The DER aggregator may be able to alter a few, none, or all of a 
specific inverter’s settings, which impacts how the DER facility22 performs, results in changes to 
electrical characteristics of the T-D Interface. As the electrical characteristics of the T-D Interface 
change, the impact on the bulk system planning and operations will need to be altered to 
accommodate the new modes of operation created. DER aggregators may impact the procedures of 
BPS planning and operations through changes in the studies of the planning/operations area and 
the affect protection, automation, control, and communication systems as well. This may result in 
changes23 for the interconnection (i.e. new or changed capacity or capabilities) and aggregation (i.e. 
grouping of facilities) process. 

 

                                                      
18 Type testing and certification of devices to ensure that they meet requirements defined in the IEEE 1547-2018 is covered by the 3rd edition 
of UL1741.   
19 https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Guideline_IEEE_1547-2018_BPS_Perspectives.pdf  
20 Depending on if the DER aggregator is able to control and operate equipment outside of the “distribution” system (i.e., not under IEEE 
1547-2018) then other standards may be applicable such as IEEE p2800. 
21 The 2015 ERSTF report can be found here: 
https://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf  
22 Inverter settings have been identified as a reason bulk facilities have tripped due to disturbances. As solar PV is the largest type of DER 
today, it reasonably follows that a key reliability aspect of DER is also the inverter settings. 
23 This can include items like physical “metal-in-the-ground” changes to the system. All of these changes are a result of larger BPS Planning 
and Operations paradigm changes. 

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Guideline_IEEE_1547-2018_BPS_Perspectives.pdf
https://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf


 

 White Paper: BPS Reliability Perspectives for Distributed Energy Resource Aggregation 6  

In general, the introduction of the DER aggregator in a 
TP or PC’s area does not significantly alter the current 
interconnection procedures for DERs nor does it 
significantly alter the need to account for DERs in 
planning assessments. However, the possible alteration 
of DER equipment (e.g., inverter) settings, services that 
DERs can provide, and the electrical characteristics of 
the DER aggregation operated by a DER aggregator24 
could create new impacts to the distribution system and BPS. These possible impacts shape the way a TP 
reviews an aggregation or performs coordination with their protection, automation, and control to ensure 
reliability of the BPS. Establishing control of existing DER under a DER aggregator will likely undergo a 
different, milder level of study by the TP than interconnection of new DER capacity25. Modeling, verification, 
and studies including the DER aggregator as well as tight coordination between transmission and 
distribution entities will be critical for maintaining a reliable, resilient, and secure BPS moving forward. The 
following sections will outline the important modeling, verification, studies, and coordination 
considerations regarding the incorporation of the DER aggregator.  

                                                      
24 To be clear, the information and settings to populate models remains important regardless of operation under a DER aggregator or not. 
When under the conditions of DER responding to local signals, the engineering judgement on what inverter settings and how the equipment 
in aggregate performs. Under an entity that now allows for direct control over these settings, such settings can potentially fall under non-
default settings defined by engineering judgement and should be considered important information to review and provide for an aggregation 
review. 
25 This is not to discount the need to account for older facility performance in the studies. To clarify, this statement is discussing the process 
by which the TP studies the information, emphasizing the difference between aggregation of existing capacity under a new control scheme 
versus interconnection of new (or added) capacity. Each requires study work with models representing the capability of the equipment.  

Key Takeaway 
The introduction of a DER aggregator does 
not significantly alter interconnection of 
DER. Rather, the DER aggregator impacts 
the broader electrical characteristics at the 
T-D Interface. 
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Modeling 
Figure M.1 shows the paragraphs from FERC Order No. 2222 that are particularly relevant for the purposes 
of modeling aggregate DERs in reliability studies with the introduction of the DER aggregator. 
 

 
Figure M.1 Relevant Modeling Paragraphs 

 
For BPS reliability studies, consistent with SPIDERWG recommended practices, DERs should be modeled in 
aggregate26 at the BPS bus.. The introduction of the DER aggregator is likely to have an impact on DER 
modeling practices in the future, particularly in how TPs and PCs will model27 or represent how aggregate 
levels of DERs perform when under control of a DER aggregator yet does not impact the major 
recommended modeling practices of SPIDERWG at this time. SPIDERWG’s guidance on representing DER in 
aggregate at the BPS bus in an explicit way is not altered from the introduction of a DER aggregator. 
Conversely, the parameterization and adaption of the model framework to suit the operational 
characteristics of an aggregation may change. 
 
Representing all of the components of equipment controlled 
by a DER aggregator may require separating the capacity of 
generation from load capacity in the DER aggregation. For 
example, the characteristics of the inverter-based residential 
DER (modeled as Retail-Scale Distributed Energy Resources, or 
for short R-DER28) may need to be modeled in one component 

                                                      
26 For clarity, modeling DER in aggregate is the way SPIDERWG generally recommends the installed DER be represented in studies opposed to 
the explicit representation of the distribution system and each DER installation in a transmission level study. This is not in reference to the 
DER aggregations, which can span more than one BPS bus for areas with multi-node DER aggregators. In such areas, the control of two or 
more generation records is directed by one DER aggregator at two or more BPS buses. This does not change the modeling practice of 
modeling all DER in an aggregate model that electrically connects to the T-D interface at a BPS bus in simulation. 
27 Further, as equipment under DER aggregators can include components of Load, the information provided by a DER aggregator may be 
useful in the development of the composite load model. The SPIDERWG recommendation to model DERs in aggregate at the BPS bus (i.e. 
through a T-D Interface) is consistent with the evolution of the composite load model performed by other industry groups. 
28 Details on the model distinctions between R-DER and U-DER available in the following three NERC Reliability Guidelines: 
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_-_Modeling_DER_in_Dynamic_Load_Models_-_FINAL.pdf, 
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_A_Parameterization.pdf, and  
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf  

Paragraph 142. “We… require each RTO/ISO to revise its tariff to allow different types of distributed energy resource 
technologies to participate in a single distributed energy resource aggregation (i.e., allow heterogeneous distributed energy 
resource aggregations).” 
 
Paragraph 236. “…we require each RTO/ISO to revise its tariff to  (1) include any requirements for distributed energy 
resource aggregators that establish the information and data that a distributed energy resource aggregator must provide 
about the physical and operational characteristics of its aggregation;  (2) require distributed energy resource aggregators to 
provide a list of the individual resources in its aggregation; and (3) establish any necessary information that must be 
submitted for the individual distributed energy resources.” 
Paragraph 237. “…we require the RTOs/ISOs to revise their tariffs to establish any necessary physical parameters that 
distributed energy resource aggregators must submit as part of their registration process only to the extent these 
parameters are not already represented in general registration requirements or bidding parameters applicable to distributed 
energy resource aggregations.” 

Key Recommendation 
Aggregating DER in the context of 
the OATT will not have a significant 
impact on recommended SPIDERWG 
modeling practices. 

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_-_Modeling_DER_in_Dynamic_Load_Models_-_FINAL.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_A_Parameterization.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf
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of a load model; the characteristics of electric vehicles in another component of a load model (see Figure 
M.2 as an illustration). After determining each “group” or component of the DER aggregation, TPs and PCs 
can develop modeling assumptions to describe the expected operational characteristics of the various 
components, and will need sufficient data to make these modeling decisions for reliability studies. 

 
Figure M.2 DER Modeling Framework with DER Components and Load Components 

 
Consideration should be given to providing model information to the responsible DPs, TPs, and PCs for 
inclusion in their studies and how often that information is exchanged. The method for information flow 
between and among a DER aggregator, DP, TP, and PC will vary based on the market structure. At a 
minimum, interconnection agreements should use the information provided in Appendix B of the Reliability 
Guideline: DER Data Collection for Modeling in Transmission Planning Studies29 as a baseline for the specific 
modeling information30 provided. For more information on these physical parameters, RTOs/ISOs should 
see the discussion on the Steady-State (Chapter 2), Dynamics (Chapter 3), and Short Circuit (Chapter 4) data 
requirements in the document. As DER interconnect into the distribution system31, their aggregate 
response needs to be clearly understood by the DPs, TPs, and PCs who study its response in the planning 
horizon. Further, the response will impact TOPs and BAs as well in the operation horizon. Both horizons 
require modeling information to represent the aggregate response of DER controlled by a DER aggregator 
as well as those not under such control. 

 
In other words, DER aggregators along with their respective DP(s) should be identified as key sources of 
data for BPS planning studies (steady state, dynamics, short circuit). Furthermore, RTOs/ISOs should take 
care to ensure that any defined locational requirement for DER aggregators be appropriately reflected in 
the dispatch and parameterization of the DER models in the various base cases. As the DER aggregator and 
DP geographic areas can be different, there is a need for the DP to obtain data for the interconnection by 
interfacing with DER aggregators in their area. Thus, the DP is the logical choice to be involved with the DER 
aggregators and to provide data to the TP or TOP where appropriate. 

                                                      
29 Available here: https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf  
30 In particular, the composition and control logic of the aggregation under a DER aggregator is important to send to the responsible DPs, TPs, 
and PCs to include in their models in order to accurately perform their studies. It is further emphasized that there is a potential for the 
control logic to change in real-time and such changes need to be reflected in the operational model when the change occurs. 
31 Sometimes the injection is through the distribution system into the bulk system, resulting in bulk system injection. 

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf
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Based on SPIDERWG discussion, the modeling, verification, and study of DER in aggregate will need 
verifiable data flowing to the TP and PC who perform those functions. The DER aggregator is identified as a 
key entity who can provide information and should be sending detailed information for study to the DP, 
and the DP sending aggregate information to its respective TP and PC. 
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Verification  
Figure V.1 shows the paragraphs from FERC Order No. 2222 that are particularly relevant for the purposes 
of verification activities with the introduction of the DER aggregator.  
 

 
Figure V.1: Relevant Verification Paragraphs 

 
When developing telemetry requirements, SPIDERWG recommends that RTOs/ISOs consider using the 
Reliability Guideline: Model Verification of Aggregate DER Models used in Planning Studies32 as well as 
established interconnection requirements to determine the technical specifications of electrical metering 
and the electrical locations for the equipment. It is also important to recognize that new Tariffs allowing 
participation of DER in aggregate will present unique challenges not seen with more traditional resources33, 
so consideration of TP and TOP needs when establishing metering and telemetry requirements to monitor 
and verify the aggregate DER need to be clear for participating DER. For use by the TP and TOP, metering 
equipment should support the ability to capture waveforms34 for playback in order to verify the 
performance of the DER aggregation in disturbance-based model verification or through event analysis. 
While individual DER data is not as important to transmit, providing data from where the individual resource 
aggregates to the transmission system will aid Transmission Planners in developing and studying how the 
DER aggregator may alter the electrical characteristics of the T-D interface, and verifying the TP and PC’s 
representation of those changes in their set of models. Further, in event analysis it is important to 
determine root causes and electrical responses of equipment that can affect the Bulk Power System. 

                                                      
32 Available here: 
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline%20_DER_Model_Verification_of_Aggregate_DER_Models_u
sed_in_Planning_Studies.pdf  
33 Primarily the monitoring of a single Point of Interconnection does not provide the one to one mapping used to verify resource models using 
disturbance based playback. 
34 For specifics, see Chapter 1 of the Reliability Guideline: Model Verification of Aggregate DER Models used in Planning Studies that discusses 
the placement of devices and data collection for model verification. In general, the focus for waveform capture is at the T-D Interface. 

Paragraph 267. “…we provide flexibility to RTOs/ISOs to propose specific metering requirements, including any that may 
apply to individual distributed energy resources that the RTO/ISO demonstrates are needed to obtain any required 
performance data for auditing purposes and to address double compensation concerns. Similarly, we provide flexibility to 
the RTO/ISO as to whether to propose specific telemetry requirements for individual distributed energy resources in an 
aggregation. The need for such requirements may depend, for example, on whether the RTO/ISO allows multi-node 
aggregations or how multi-node aggregations are implemented. By providing flexibility while also requiring that the 
RTO/ISO explain why any proposed metering and telemetry requirements are necessary, we allow the RTO/ISO to obtain the 
metering and telemetry information it needs without burdening the distributed energy resource aggregator to provide data 
that may not be necessary.” 
 
Paragraph 268. “…we expect that RTOs/ISOs will base any proposed metering and telemetry hardware and software 
requirements for distributed energy resource aggregations on the information needed by the RTO/ISO while avoiding 
unnecessary requirements that may act as a barrier to individual distributed energy resources joining distributed energy 
resource aggregations or to distributed energy resource aggregations participating in the wholesale markets.” 
 
Paragraph 269. “…we note that any additional RTO/ISO metering and telemetry requirements would not change those 
required by state or local regulatory authorities and would be required solely to assist with settlements and audits of activity 
in RTO/ISO markets, or to provide RTOs/ISOs with the real-time information needed to reliably and efficiently dispatch their 
systems.” 

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline%20_DER_Model_Verification_of_Aggregate_DER_Models_used_in_Planning_Studies.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline%20_DER_Model_Verification_of_Aggregate_DER_Models_used_in_Planning_Studies.pdf
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Transmission Planners should take care to evaluate whether different hardware and software types within 
an aggregation warrant separate reporting channels as the differing technologies have unique electrical 
responses.  
 
How the DER aggregation performs will, of course, affect whether data gets reported in the aggregate for 
particular instances. Refer to the previously mentioned Reliability Guideline for the use of recordings for 
model verification and event analysis concerning DER. The metering and telemetry mentioned in Figure V.1 
are typically market-related, but may have a need to be used by the TOP to maintain situational awareness 
for the BPS, which is discussed in the coordination section of this white paper. As such, it is important to 
involve the TOP  in the definition of metering and telemetry devices used for the resources aggregated by 
a DER aggregator. 
 
Studies 
Figure S.1 shows the paragraphs from FERC Order No. 2222 that are particularly relevant for the purposes 
of performing reliability studies with the introduction of the DER aggregator.  
 

 
Figure S.1: Relevant Studies Paragraphs 

 
RTO/ISO consideration of DER aggregators should ensure that study boundaries depicting the DERs 
aggregated by a DER aggregator are well-defined and understood by TPs and PCs. More specifically, if the 
DERs aggregated by a DER aggregator spans across multiple TP/PC footprints35, coordination of data, 
information, models, practices, etc., will have to be updated consistently to ensure the DER aggregation is 
reflected properly in operational, near-term, and long-term studies. Further, the proliferation of DER 

                                                      
35 This is possible to occur through a DER aggregator spanning a single RTO or ISO but the boundary is across two or more areas planned by 
differing TPs. 

Paragraph 99. “…In response to increased demand for distributed energy resource aggregations for wholesale market 
participation, some state or local authorities may choose to voluntarily update their distribution interconnection processes 
to assess the impacts of distributed energy resource aggregations on the distribution system at the initial interconnection 
stage, while other state and local authorities may not. In the latter scenario, it may be both necessary and appropriate for 
the RTO/ISO, in coordination with affected distribution utilities, to conduct separate studies of the impact on the distribution 
system after a distributed energy resource joins a distributed energy resource aggregation.” 
 
Paragraph 99. “…we expect that modifications to the list of resources in a distributed energy resource aggregation could 
occasionally indicate changes to the electrical characteristics of the distributed energy resource aggregation that are 
significant enough to potentially adversely impact the reliability of the distribution or transmission systems and justify 
restudy of the full distributed energy resource aggregation; therefore, RTOs/ISOs and distribution utilities may perform such 
aggregation restudies if necessary…” 
 
Paragraph 294. “…this final rule in no way prevents state and local regulators from amending their interconnection 
processes to address potential distribution system impacts that the participation of distributed energy resources through 
distributed energy resource aggregations may cause. In addition, coordination between RTOs/ISOs, distributed energy 
resource aggregators, relevant electric retail regulatory authorities, and distribution utilities during the registration and 
distribution utility review processes should provide RTOs/ISOs with the information they need to study the impact of 
distributed energy resource aggregations on the transmission system.” 
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aggregators may also impact regional and inter-regional planning practices (e.g., underfrequency load 
shedding programs36 required under PRC-00637 or the determination of the most single severe contingency 
for an Interconnection). RTOs/ISOs should ensure that data is exchanged between TPs/PCs and used 
appropriately. Considering these transformative operational models for DER aggregators, model and study 
quality and fidelity is just as important now as it has ever been.  
 
SPIDERWG encourages RTOs/ISOs to proactively study the impact DER aggregators have on regional and 
local transmission systems, specifically assessing the reliability impact these resources have on the BPS. 
Study results, through ample coordination and communication of identified impacts, should be 
communicated to all impacted system operators with an eye toward mitigating any impacts DER 
aggregations might cause.  
 
All entities must coordinate to ensure studies adequately represent the behavior of the aggregations under 
the control of a DER aggregator. For example, care should be taken to determine whether the DER can 
safely participate in the proposed markets through a fully vetted interconnection study. Further, all entities 
should coordinate and perform adequate studies (coordination of protection settings, operational day-
ahead, etc.) to ensure the reliability of the BPS for aggregations operated under DER aggregators. This 
paradigm shift may also require software vendors to provide adequate tools for TPs and PCs to represent 
the operational characteristics of the aggregations under the control of DER aggregators.  
 
Further, while production cost modeling is typically not the focus of TPs and PCs, SPIDERWG’s 
recommendations may be relevant for simulation in those practices. Additionally, any dispatch assumptions 
that come from production cost modeling need to be fully understood by the TOP, TP and PC as those 
dispatches are included in their reliability studies. 
 
Coordination 
Figure C.1 shows the paragraphs from FERC Order No. 2222 that are particularly relevant for the purposes 
of coordination activities with the introduction of the DER aggregator.  
 

                                                      
36 SPIDERWG’s Reliability Guideline: Recommended Approaches for UFLS Program Design with Increasing Penetrations of DERs for this 
particular practice can be found at the RSTC website here: https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx  
37 PRC-006-5 is available here: https://www.nerc.com/files/PRC-006-5.pdf  

https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx
https://www.nerc.com/files/PRC-006-5.pdf
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Figure C.1: Relevant Coordination Paragraphs 

 
Having clear data exchange processes between the DER aggregators, the distribution utility, transmission 
entities (primarily TOPs) and the RTO/ISO (which are registered as BAs and RCs) are critical for ensuring 
reliable operation of the BPS. This includes real-time data exchange, expected performance into future 
operating conditions (for studies), clearly defined data models, data quality/exchange protocols, and 
coordinated decision making protocols on both sides of the T-D interface. SPIDERWG recommends tight 
coordination among DER aggregators, DPs, TPs, TOPs, and other entities across the T-D interface in order 
to ensure the reliability of the Bulk Electric System. In this tight coordination, the reliability needs of the 
bulk system, the reliability needs of the distribution system, and coordinated operational decision making 
expected to be weighed and discussed for what specific information sharing process the DER aggregators, 
DPs, TPs, TOPs, and other relevant entities are to use.  
 
Further, RTOs/ISOs should develop requirements to ensure the DER aggregator has a process to submit 
clearly defined information38 from every individual DER in the aggregation for the purposes of representing 
the equipment in operational or planning studies. BAs and RCs should ensure performance requirements 
exist to provide System Operators confidence in the capabilities of DER aggregations such that operators 
maintain their system awareness. The BAs and RCs should ensure that proper communications and 
coordination are performed so that implemented requirements are able to meet both transmission and 
distribution needs. As more DER aggregators come online, SPIDERWG will monitor the impacts and discuss 
recommended changes in future work. A few topics are mentioned in the section below for such future 
efforts. 

                                                      
38 Having information on each DER in the aggregation allows for the engineer to allocate each DER and its capabilities to a BPS bus in the 
simulation. 

Paragraph 292. “…each RTO/ISO must coordinate with distribution utilities to develop a distribution utility review process 
that includes criteria by which the distribution utilities would determine whether (1) each proposed distributed energy 
resource is capable of participation in a distributed energy resource aggregation; and (2) the participation of each proposed 
distributed energy resource in a distributed energy resource aggregation will not pose significant risks to the reliable and 
safe operation of the distribution system. To support this review process, RTOs/ISOs must share with distribution utilities any 
necessary information and data… about the individual distributed energy resources participating in a distributed energy 
resource aggregation. In addition, the results of a distribution utility’s review must be incorporated into the distributed 
energy resource aggregation registration process.” 
 
Paragraph 310. “we… require each RTO/ISO to revise its tariff to (1) establish a process for ongoing coordination, including 
operational coordination, that addresses data flows and communication among itself, the distributed energy resource 
aggregator, and the distribution utility; and (2) require the distributed energy resource aggregator to report to the RTO/ISO 
any changes to its offered quantity and related distribution factors that result from distribution line faults or outages.” 
 
Paragraph 324. We further note that possible roles and responsibilities of relevant electric retail regulatory authorities in 
coordinating the participation of distributed energy resource aggregations in RTO/ISO markets may include, but are not 
limited to: developing interconnection agreements and rules;  developing local rules to ensure distribution system safety and 
reliability, data sharing, and/or metering and telemetry requirements;  overseeing distribution utility review of distributed 
energy resource participation in aggregations;  establishing rules for multi-use applications;  and resolving disputes between 
distributed energy resource aggregators and distribution utilities over issues such as access to individual distributed energy 
resource data. 
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SPIDERWG anticipates that the DER aggregator will, in the efforts of coordination, have multiple 
transmission entities  where data is sent to ensure reliability of the BES.  
 
FERC 2222-A, FERC 2222-B, and Possible Future Rulings 
After FERC Order No. 2222, issues such as demand response, opt-outs, and the jurisdiction of state 
regulators were raised to FERC. The SPIDERWG is not specifically focusing on the content of these 
subsequent releases other than to reiterate the guidance mentioned above. SPIDERWG recommends that 
RTOs and ISOs adopt the recommendations contained within the reliability guidelines to ensure that 
appropriate measures are in place, particularly with the inclusion of DER aggregators. SPIDERWG recognizes 
that the DER aggregator introduced in the releases is not within the current NERC functional model of 
registered entities. Therefore, in a future with more DERs controlled by DER aggregators, this could lead to 
challenges in maintaining essential reliability services, sharing off-line or real-time information for planning 
or operations, and could introduce security vulnerabilities into the electricity ecosystem. These issues 
should be considered and addressed in the near-term. SPIDERWG recommends to add to its work plan 
items to provide perspectives on the registration of the DER aggregator as a NERC entity. 
 
Recommendations for SPIDERWG Work Plan Additions 
FERC Order No. 2222 identified topics considered out-of-scope for Order No. 2222 in Paragraph 362, and 
industry identified these as areas of concern where future work may be needed. SPIDERWG reviewed these 
topics and has provided recommendations for future work as well as the applicable group within the RSTC 
that could lead those efforts (see Table 1).  
 

Table 1: Proposed Future Work 
Topic Deliverable RSTC Group Timeline 
Impacts on BPS variability and uncertainty due to the 
introduction of the DER aggregator 

White Paper SPIDERWG 2023+ 

Recommended practices for modeling DER aggregators (and 
parameterizing those models) in BPS reliability studies and 
practices for modeling multiple DER aggregators behind a T-D 
interface. 

White Paper SPIDERWG 2023+ 

Understanding the BPS planning and operations impacts of DER 
management systems (DERMS) and other aggregator functions 
after complete implementation and operation 

White Paper SPIDERWG 2023+ 

Privacy and security (cyber or physical) concerns for the BPS with 
the introduction of DERs and DER aggregators 

White Paper SPIDERWG & 
SITES 

2023+ 

Sharing data collection and data sharing practices with the 
introduction of the DER aggregator 

White Paper SPIDERWG 2023+ 

Technical impacts on the potential NERC registration39 of the DER 
aggregator for NERC standards.  

Various SPIDERWG TBD 

 

                                                      
39 This item’s deliverable and timeline is dependent upon the total amount of work it will take to demonstrate the impact of a 
DER aggregator and what documentation is required to adjust the registration criteria. 
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Purpose 
This white paper provides bulk power system (BPS) reliability perspectives and considerations regarding 
distributed energy resource (DER) aggregation in light of Federal Energy Regulatory Commission (FERC) 
Order No. 2222.,1 which introduces the concept of DER aggregation in wholesale electricity markets. 
Subsequently, Order No. 2222-A and Order No. 2222-B have been issued.2 Tariff compliance filings were 
due July 19, 2021, and some entities have requested extensions for filing or implementation. 
 
While NERC and its technical stakeholder groups are not directly involved in market-related activities, the 
NERC SPIDERWG recognizes that the introduction of the DER aggregator to the overall electricity ecosystem 
will have an impact on BPS planning, operations, design, and overall grid reliability. The introduction of the 
DER aggregator specifically raisesraiseraisesraises questions on how to plan for, model, and simulate the 
behavior of the DERs contained in the aggregation operated by the DER aggregator. As Transmission 
Planners (TPs) study the ability to serve load in their area, they will need to account for, as an example, the 
periodicity potential of any reduction of power from DER or other Load Modifiers like Demand Response of 
the DER aggregators and the capability from these resources to serve large motor customer loads3 (e.g., arc 
furnacefurnaces loads, heavy industry loads, harmonic-producing generating loads, etc.) in the simulations 
performed by the TP. This white paper is intended to provide BPS reliability perspectives on various 
requirements within FERC Order No. 2222. It also discusses ways that Regional Transmission Organizations 
(RTOs)/Independent System Operators (ISOs), which are generally registered as Balancing Authorities 
(BAas)BAs and Reliability Coordinators (RCs),, can leverage existing SPIDERWG guidelines and 
recommended practices when developing tariff revisions or business practices responsive to FERC Order 
No. 2222.4 The paper also provides recommendations for areas of future work that SPIDERWG or another 
NERC technical stakeholder group should pursue to better address any gaps. This white paper explores the 
following high-level concepts  that RTOs/ISOs should consider in their implementation of FERC Order No. 
2222: 

                                                      
1 FERC Order No. 2222, Participation of Distributed Energy Resource Aggregations in Markets Operated by Regional Transmission 
Organizations and Independent System Operators, issued September 17, 2020, effective December 21, 2020. 
2 FERC Order No. 2222-A was issued March 18, 2021 and effective June 1, 2021. FERC Order No. 2222-B was issued June 17, 2021 and 
effective August 27, 2021. 
3 This is inclusive of energy storage capability that can time-shift power production to serve these loads. 
4 All ISO/RTOs are registered with NERC as Balancing Authorities (BAs), Planning Coordinators (PCs), and Reliability Coordinators (RCs) and 
have an important role and responsibility for ensuring BPS reliability in the planning and operations time horizons. 
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 How ISO/RTOs consider the implementation of FERC Order No. 2222 could impact the ability of 
Transmission Planners (TPs) to ensure BPS planning and operating models and simulations are 
remain accurate as DERs continue to proliferate and participate in DER aggregations. Particularly, 
wWhich entities are responsible for providing the data5, what data is being requested, and which 
entities receive the data6 

• aggregation 

 Which entities are responsible for providing the data7, what data is being requested, and which 
entities receive the data8 

• How ISO/RTOs to ensure that the study cases used by Transmission Planners (TPs) and Planning 
Coordinators (PCs) appropriately reflect the expected operating conditions of DERs and the results 
of implementing FERC Order No. 2222. Particularly  

• whWhat data is needed at various stages of these studies, and how the data is maintained at the 
distribution and transmission level. 

• How ISO/RTOs consider the implementation of FERC Order No. 2222 ensures that Transmission 
Operators (TOPs) have sufficient visualization of aggregate DERs to operate within System 
Operating Limits (SOLs) 

 
Background 
The NERC SPIDERWG was established in December 20189 as a stakeholder forum to focus on the impacts 
and benefits that aggregate amounts of DERs may have on transmission planning and BPS reliability. 
SPIDERWG developdeveloped guidelines and recommended practices in the following areas: modeling, 
verification, studies, and coordination.10 
 
With the continued integration of large amounts of DERs in many areas across North America and the 
projections of future DER growth in the future, combined with the introduction of DER aggregation and the 
participation of DER aggregators in wholesale electricity markets, SPIDERWG believes it is necessary to shed 
some light on some key reliability-focused aspects of the new paradigm of grid planning, operations, design, 
and engineering. The FERC Order No. 2222 addresses the ISO/RTOs directly, and most of those companies 
are registered as a BA, RC, TOP, PC or a combination of the four. As such, the recommendations in this 
paper has may be directed at ISO/RTOs and to BAs, RCs, TOPs, and PCs, and will sometimes address the 
same entity. This SPIDERWG whitepaper follows some of the key considerations of FERC Order No. 2222 

                                                      
5 MOD-032 currently has the TP and PC engage with the TO in order to obtain DP level data aggregated to an appropriate BPS bus. It is 
assumed for this question that the DER Aggregator would engage with the DP in this same manner.  
6 Unclear procedures can impact the ability of the TP to gather appropriate data for their simulations. Specifying the data, who provides the 
data, and who receives the data makes a clear process for the DER aggregators to interface with. 
7 MOD-032 currently has the TP and PC engage with the TO in order to obtain DP level data aggregated to an appropriate BPS bus. It is 
assumed for this question that the DER Aggregator would engage with the DP in this same manner.  
8 Unclear procedures can impact the ability of the TP to gather appropriate data for their simulations. Specifying the data, who provides the 
data, and who receives the data makes a clear process for the DER aggregators to interface with. 
9 https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Scope.pdf 
10 https://www.nerc.com/comm/RSTC/Pages/SPIDERWG.aspx 
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and existing requirements related to DER interconnection (e.g., IEEE 1547-2018), and provides perspectives 
for helping ensure continued reliability, security, and resilience of the BPS.  
 
Terminology 
In FERC Order No. 2222, FERC amended the Open Access Transmission Tariff (OATT) by defining both “DER” 
and “DER aggregator” as shown here:  
 

Distributed Energy Resource (DER):11 any resource located on the distribution system, any 
subsystem thereof or behind a customer meter. 
 
Distributed Energy Resource Aggregator (DER aggregator):12 the entity that aggregates one or 
more distributed energy resources for purposes of participation in the capacity, energy and/or 
ancillary service markets of the regional transmission organizations and/or independent system 
operators.  

 
FERC clarified that for the purposes of the OATT, DER may include but are not limited to “resources that are 
in front of and behind the customer meter, electric storage resources, intermittent generation, distributed 
generation, demand response, energy efficiency, thermal storage, and electric vehicles and their supply 
equipment” as long as such resource is “located on the distribution system, any subsystem thereof or 
behind a customer meter.”13 FERC Order No. 2222 neither amended nor proposed to amend the Glossary 
of Terms Used in NERC Reliability Standards nor the NERC Rules of Procedure. Further, Order No. 2222 itself 
does not make any changes to the interconnection rules that the states oversee. 
 
SPIDERWG maintains a set of working definitions related to DERs, which informs reliability guidelines and 
recommended practices produced by SPIDERWG. SPIDERWG has defined “DER” to strictly refer to sources 
of electric power on the distribution system14 (not inclusive of load resources). On the other hand, the 
definition presented in FERC Order No. 2222, defines DER as any resource located on the distribution 
system. The distinct difference between definitions is that the FERC definition is inclusive of demand 
response15 and load elements whereas the SPIDERWG working definition excludes demand response as it 
is not considered a source of power. Rather,  (it is considered a Load Modifier in the set of SPIDERWG terms) 
as it controls of modifies load and consumption of energy rather than being a source of power. The 
SPIDERWG aligns with the definition of DER presented in IEEE 1547-2018,16 and is considered appropriate 
for the purposes of reliability-centric discussions. Unless otherwise noted, this whitepaper uses terms 
defined in the SPIDERWG Terms and Definitions Working Document.17 It is understood that the definition 
used in FERC Order No. 2222 are related specifically to electricity markets and that different definitions for 

                                                      
11 FERC Order No. 2222, page 93, P114 
12 FERC Order No. 2222, page 95, P118 
13 FERC Order No. 2222, page 93, P114 
14 These resources can also inject power to the BPS through the distribution system. This concept is covered in the various modeling 
Reliability Guidelines provided in the Modeling section of this white paper. 
15 FERC Order No. 2222, Paragraph 114, Page 93 of 290 
16 https://standards.ieee.org/standard/1547-2018.html 
17 https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Terms%20and%20Definitions%20Working%20Document.pdf 

https://standards.ieee.org/standard/1547-2018.html
https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Terms%20and%20Definitions%20Working%20Document.pdf
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DER-related activities can be used for the purposes of reliability-centric discussions around DER integration 
and aggregation. 
 

 
 
 
Quick Overview of FERC Order No. 2222 
This section provides a brief overview of the specific requirements18 and facets in FERC Order No. 2222 that 
the SPIDERWG believes are particularly important to understand their impact to ensure BPS reliability. 
Specifically, these focus areas include, at a minimum, the following:  

• DER aggregations participating in RTO/ISO-organized wholesale electric markets 

• Establishing DER aggregators as a type of market participant 

• DER aggregators registering DER aggregations under one or more participation models that 
accommodate the physical and operational characteristics of the DER aggregations 

• Establishing market rules that address the following technical considerations: 

 Minimum size requirement for DER aggregations that does not exceed 100 kW 

 Locational requirements for DER aggregations 

 Distribution factors and bidding parameters for DER aggregations 

 Information and data requirements for DER aggregations 

 Metering and telemetry requirements for DER aggregations 

 Coordination between the RTO/ISO, the DER aggregator, the distribution utility, and the relevant 
electric retail regulatory authorities 

 Modifications to the list of resources in a DER aggregation 

 Market participation agreements for DER aggregators 

• Bidding from DER aggregators where the DERs are customers of utilities that distributed more (as 
well asor less) than 4 million MWh of energy in the previous fiscal year 

 
These topics will be covered in the following sections, particularly in how they are being addressed by the 
NERC SPIDERWG and its focus on modeling, verification, studies, and coordination.  
 
                                                      
18 The text of the order is available here: https://www.ferc.gov/sites/default/files/2020-09/E-1_0.pdf  

Key Recommendation 
The SPIDERWG terms for DER is considered appropriate for reliability-focused discussions and is used 
throughout this document unless otherwise noted. Regardless of any differences in the definition of 
DER, it is imperative that industry ensure a clear and appropriate definition of DER based on the 
specific context in which the term is being used for either reliability or market-related discussions. 
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Key BPS Reliability Areas with the Introduction of DER Aggregators 
The introduction of the DER aggregator will have an effect on BPS reliability, particularly in the way that BPS 
operations and planning will have to adapt to the DER aggregator. However, it is first important to 
understand that those impacts will differ from impacts that increasing interconnection of new DERs will 
simultaneously have on BPS reliability. Further, the interconnection of new facilities19 also encompasses 
modifications made to existing interconnections as changes to existing DER facilities requires similar studies 
and coordination efforts as if the facility was adding a new generator. The key reliability areas that should 
be considered with the introduction of a DER aggregator in a TP/ PC area that include at least the following:  
 

• Interconnection Standards: These standards dictate the equipment requirements, specifications, 
and capabilities of the DER facility. Many of these standards deal with the electrical characteristics 
and equipment properties to help control things like harmonics in the inverter. IEEE 1547-2018 is a 
prominent standard related to DER that defines how manufacturers produce their 
equipmentinterconnection and interoperability requirements and verification processes for DERs 
connected to electric power systems20. . SPIDERWG developed guidance21 on IEEE 1547-2018. Such 
guidance sufficiently will coverscover the DER aggregator22, thus no revision of the standards with 
the introduction of a DER aggregator is required at this time. 

• Services Provided: The NERC Essential Reliability Services Task Force (ERSTF) enumerated a few 
services that a resource can offer to maintain the reliability of the BPS23. The RTO and ISO may have 
markets available to procure enough resources in support of those services. The Distributed Energy 
Resource Aggregator may be able to alter the type and quantity of a specific service for a specific 
aggregation of DER.   

• Electrical Characteristics at T-D Interface: The Transmission to Distribution Interface (T-D Interface) 
is the point at which the distribution system meets the transmission system, primarily modeled with 
a load at a BPS bus in the positive sequence transmission models. The electrical characteristics at 
this interface are dictated by the equipment sinks or sources on either side of the Interface, inclusive 
of DER, and the operation of such equipment. Inverter settings and control logic from the DER 
equipment are one impact the T-D Interface. Such settings are gains and values that dictate the 
inverter behavior based on various monitored electrical quantities. The DER aggregator may be able 
to alter a few, none, or all of a specific inverter’s settings, which impacts how the DER facility24 
performs, and resultingresultsing in changes toin electrical characteristics of the T-D Interface. As 

                                                      
19 This interconnection can occur under an aggregation operated by a DER aggregator or outside of an aggregation operated by a DER 
aggregator. 
20 Type testing and certification of devices to ensure that they meet requirements defined in the IEEE 1547-2018 is covered by the 3rd edition 
of UL1741.   
21 https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Guideline_IEEE_1547-2018_BPS_Perspectives.pdf  
22 Depending on if the DER aggregator is able to control and operate equipment outside of the “distribution” system (i.e., not under IEEE 
1547-2018) then other standards may be applicable such as IEEE p2800. 
23 The 2015 ERSTF report can be found here: 
https://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf  
24 Inverter settings have been identified as a reason bulk facilities have tripped due to disturbances. As solar PV is the largest type of DER 
today, it reasonably follows that a key reliability aspect of DER is also the inverter settings. 

Commented [JS21]: From Robert Reinmuller: 
“This is a vague statement, maybe no need if no details to provide. 
Gain is important but not need to be singled out.  
“ 

Commented [JS22R21]: Text altered to clarify point is on 
response and the settings dictate the behavior. 

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Guideline_IEEE_1547-2018_BPS_Perspectives.pdf
https://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf
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the electrical characteristics of the T-D Interface change, the impact on the bulk system planning 
and operations will alterneed to be altered to accommodate the new modes of operation created 
brought on. DER aggregators may impact the procedures of BPS planning and operations through 
changes in the studies of the planning/operations area and the impact toaffect the protection, 
automation, control, and communication systems as well. This may result in changes25 for the 
interconnection (i.e. new or changed capacity or capabilities) and aggregation (i.e. grouping of 
facilities) process. 

 
In general, the introduction of the DER aggregator in a 
TP or PC’s area does not significantly alter the current 
interconnection procedures for DERs nor does it 
significantly alter the need to account  for DERs in 
planning assessments. However, the possible alteration 
of DER equipment (e.g., inverter) settings, services that 
DERs can provide, and the electrical characteristics of 
the DER aggregation operated by a DER 
aggregator26aggregator controlling DERs could create new impacts to the distribution system and BPS. 
These possible impacts shapeinform the way a TP reviews an aggregation or performs coordination with 
their protection, automation, and control to ensure reliability of the BPSbulk system. Establishing control 
of existing DER under a DER aggregator will likely undergo a different, milder level of study by the TP than 
interconnection of new DER capacity27. Modeling, verification, and studies including the DER aggregator as 
well as tight coordination between transmission and distribution entities will be critical for maintaining a 
reliable, resilient, and secure BPS moving forward. The following sections will outline the important 
modeling, verification, studies, and coordination considerations regarding the incorporation of the DER 
aggregator.  

                                                      
25 This can include items like physical “metal-in-the-ground” changes to the system. All of these changes are a result of larger BPS Planning 
and Operations paradigm changes. 
26 To be clear, the information and settings to populate models remains important regardless of operation under a DER aggregator or not. 
When under the conditions of DER responding to local signals, the engineering judgement on what inverter settings and how the equipment 
in aggregate performs. Under an entity that now allows for direct control over these settings, such settings can potentially fall under non-
default settings defined by engineering judgement and should be considered important information to review and provide for an aggregation 
review. 
27 This is not to discount the need to account for older facility performance in the studies. To clarify, this statement is discussing the process 
by which the TP studies the information, emphasizing the difference between aggregation of existing capacity under a new control scheme 
versus interconnection of new (or added) capacity. Each requires study work with models representing the capability of the equipment.  

Key Takeaway 
The introduction of a DER aggregator does 
not significantly alter interconnection of 
DER. Rather, the DER aggregator impacts 
the broader electrical characteristics at the 
T-D Interface. 

Commented [BP23]: This might be true from a practical point 
of view – there are thousands of existing PV facilities and it is 
impractical to establish control over these.  However, it appears 
that older PV facilities with inverters that do not have ride-through 
capability have more impact on the electric system than new 
facilities, which means that our studies must focus on the impact of 
these older facilities as well as the newer ones. 

Commented [JS24R23]: Added a footnote for clarity.  
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Modeling 
Figure M.1 shows the paragraphs from FERC Order No. 2222 that are particularly relevant for the purposes 
of modeling aggregate DERs in reliability studies with the introduction of the DER aggregator. 
 

 
Figure M.1 Relevant Modeling Paragraphs 

 
For BPS reliability studies, consistent with SPIDERWG recommended practices, DERs should be modeled in 
aggregate28 at the BPS bus.. The introduction of the DER aggregator is likely to have an impact on DER 
modeling practices in the future, particularly in how TPs and PCs will model29 or represent how aggregate 
levels of DERs perform when under control of a DER aggregator yet does not impact the major 
recommended modeling practices of SPIDERWG at this time. SPIDERWG’s guidance on representing DER in 
aggregate at the BPS bus in an explicit way is not altered from the introduction of a DER aggregator. 
Conversely, the parameterization and adaption of the model framework to suit the operational 
characteristics of an aggregation may alterchange.  
 
Representing all of the heterogeneous components of a DER 
aggregationequipment controlled by a DER aggregator may 
require, for instance, separating the capacity of generation 
from load capacity in the DER aggregation. For example, This is 
illustrated by the need to describe the including the behavior 
characteristics of aggregate the inverter-based residential DER 
(modeled as Retail-Scale Distributed Energy Resources, or for 

                                                      
28 For clarity, modeling DER in aggregate is the way SPIDERWG generally recommends the installed DER be represented in studies opposed to 
the explicit representation of the distribution system and each DER installation in a transmission level study. This is not in reference to the 
DER aggregations, which can span more than one BPS bus for areas with multi-node DER aggregators. In such areas, the control of two or 
more generation records is directed by one DER aggregator at two or more BPS buses. This does not change the modeling practice of 
modeling all DER in an aggregate model that electrically connects to the T-D interface at a BPS bus in simulation. 
29 Further, as equipment under DER aggregators can include components of Load, the information provided by a DER aggregator may be 
useful in the development of the composite load model. The SPIDERWG recommendation to model DERs in aggregate at the BPS bus (i.e. 
through a T-D Interface) is consistent with the evolution of the composite load model performed by other industry groups. 

Paragraph 142. “We… require each RTO/ISO to revise its tariff to allow different types of distributed energy resource 
technologies to participate in a single distributed energy resource aggregation (i.e., allow heterogeneous distributed energy 
resource aggregations).” 
 
Paragraph 236. “…we require each RTO/ISO to revise its tariff to  (1) include any requirements for distributed energy 
resource aggregators that establish the information and data that a distributed energy resource aggregator must provide 
about the physical and operational characteristics of its aggregation;  (2) require distributed energy resource aggregators to 
provide a list of the individual resources in its aggregation; and (3) establish any necessary information that must be 
submitted for the individual distributed energy resources.” 
Paragraph 237. “…we require the RTOs/ISOs to revise their tariffs to establish any necessary physical parameters that 
distributed energy resource aggregators must submit as part of their registration process only to the extent these 
parameters are not already represented in general registration requirements or bidding parameters applicable to distributed 
energy resource aggregations.” 

Key Recommendation 
Aggregating DER in the context of 
the OATT will not have a significant 
impact on recommended SPIDERWG 
modeling practices. 

Commented [JS28R27]: SPIDERWG agrees and added clarity 
between the market entity versus the modeling concept in a 
footnote. 

Commented [JS27]: Aggregators have asked for the flexibility 
to aggregate DERs across multiple locations on the BPS.  To the 
extent that this occurs, it is important that the discrete locations 
are modelled and represented for BPS reliability in operations and 
planning. 

Commented [BP25]: This seems to imply a locational 
requirement for DERs that are part of an aggregation.  Here, the 
FERC requires that aggregations be as geographically broad as 
technically feasible, which appears to be inconsistent with this 
recommendation.  See Order 2222 at P204. 

Commented [JS26R25]: Added footnote to discuss. This is 
talking about the need to model the total facilities impacting the 
BPS bus and not the “DER aggregation” in the market.  

Commented [EC29]: Does this mean the setting of 
parameters? 

Commented [JS30R29]: It means the process for determining 
the values and settings for each parameter in the model. The model 
discussed is an aggregation of many resources (opposed to 
representing one plant), so the values may change with the 
introduction of an entity that now can control some or all of the 
devices in the total sum that model represents. 

Commented [EC31]: Does this mean “change” or is there a 
word missing? 

Commented [JS32R31]: It means change, using “change” for 
clarity. 
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short R-DER30) may need to be modeled in one component of a load model;, and representing the charging 
behaviorcharacteristics of electric vehicles in another component of a load model (see Figure M.2 as an 
illustration).e.g, in the electronic load part of the framework in Figure M.2.). After determining each “group” 
or component of the DER aggregation, TPs and PCs can develop modeling assumptions to describe the 
expected operational characteristics of the various components, and will need sufficient data to make these 
modeling decisions for reliability studies. This can be seen in Figure M.2 that details where these 
components are represented in the DER modeling framework. 

 
Figure M.2 DER Modeling Framework with DER Components and Load Components 

 
Consideration should be given to providing model information to the responsible DPs, TPs, and PCs for 
inclusion in their studies and how often that information is exchanged. The method for information flow 
between and among a DER aggregator, DP, TP, and PC will vary based on the market structure. At a 
minimum, interconnection agreements should use the information provided in Appendix B of the Reliability 
Guideline: DER Data Collection for Modeling in Transmission Planning Studies31 as a baseline for the specific 
modeling information32 provided. For more information on these physical parameters, RTOs/ISOs should 
see the discussion on the Steady-State (Chapter 2), Dynamics (Chapter 3), and Short Circuit (Chapter 4) data 
requirements in the document. As DER interconnect into the distribution system33, their aggregate 
response needs to be clearly understood by the DPs, TPs, and PCs who study its response in the planning 
horizon. Further, the response will impact TOPs and BAs as well in the operation horizon. Both horizons 
require modeling information to represent the aggregate response of DER controlled by a DER aggregator 
as well as those not under such control. 

 

                                                      
30 Details on the model distinctions between R-DER and U-DER available in the following three NERC Reliability Guidelines: 
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_-_Modeling_DER_in_Dynamic_Load_Models_-_FINAL.pdf, 
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_A_Parameterization.pdf, and  
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf  
31 Available here: https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf  
32 In particular, the composition and control logic of the aggregation under a DER aggregator is important to send to the responsible DPs, TPs, 
and PCs to include in their models in order to accurately perform their studies. It is further emphasized that there is a potential for the 
control logic to change in real-time and such changes need to be reflected in the operational model when the change occurs. 
33 Sometimes the injection is through the distribution system into the bulk system, resulting in bulk system injection. 

Commented [BP33]: Only a single stream of performance data 
for each DERA will be reported to the ISO given that a DERA is 
treated as a single resource.  So it is not clear how we would be 
able to determine the behavior of different components of a DERA 
as described here.  DER Aggregators would be required to retain 
data for individual components of a DERA for auditing purposes – 
but these data would not be submitted on a regular basis.  See 
Order 2222 at P240. 

Commented [JS34R33]: Text altered and added to be clear 
that the development of the model requires initial information and 
that engineering judgement is used to set assumptions rather than 
having behavior regularly sent to the TP/PC after it has been 
identified or changed. 

Commented [MM35]: Should include a minimum frequency at 
which updated information will be provided. 

Commented [JS36R35]: Added text. 

Commented [JS37]: In footnote 24, it is important to note that 
the control logic of any DER aggregation will not be static, and real-
time and operating models must be updated to reflect changes 
when they occur. 

Commented [JS38R37]: Added sentence in footnote to 
capture updating of operational models when control logic 
changes. 

Commented [JS39]: The aggregate response will ultimately 
impact TOPs and BAs as well. 

Commented [JS40R39]: Added sentences to further clarify 
the point of the need for modeling information. 

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_-_Modeling_DER_in_Dynamic_Load_Models_-_FINAL.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_A_Parameterization.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf
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In other words, DER aggregators along with its their respective DP(s) should be identified as key 
sourcesources of data for BPS planning studies (steady state, dynamics, short circuit). Furthermore, 
RTOs/ISOs should take care to ensure that any defined locational requirement for DER aggregators be 
appropriately reflected in the dispatch and parameterization of the DER models in the various base cases. 
As the DER aggregator and DP geographic areas can be different, there is a need for the DP to obtain data 
for the interconnection by interfacing with DER aggregators in their area. Thus, the DP is the logical choice 
to be involved with the DER aggregators and to provide data to the TP or TOP where appropriate. 
 
Based on SPIDERWG discussion, the modeling, verification, and study of DER in aggregate will need high 
quality verifiable data flowingflowing to the TP and PC who perform those functions. The DER aggregator is 
identified as a key entity who can provide information and should be sending detailed information for study 
to the DP, and the DP sending aggregate information to its respective TP and PC. 

Commented [EC41]: Not sure what this means. 

Commented [JS42R41]: Added clarity that this is talking 
about the values and settings of DER models in the simulations.  

Commented [BP43]: Many of the issues with DERs in the ISO-
NE footprint concerns existing, pre-Order 2222 DERs that do not 
participate in wholesale markets.  And not all DERs will participate 
in wholesale markets given that they may find more value in 
participating in retail markets through retail net metering tariffs – 
e.g., this is the reason why no DER to date participates in the CAISO 
DER participation model even though that model has been in place 
since 2016.  Given this situation, the solution for gaining the data 
needed to model DERs must occur outside of Order 2222 
compliance – the data requirements should apply to all DERs, new 
and old, whether they participate in wholesale markets or not. 

Commented [JS44R43]: SPIDERWG agrees, and has supplied a 
SAR to this extent to address information flow from all DER. See 
here for the Project that contains the SC approved, RSTC endorsed 
SAR that the SPDIERWG submitted based on this concern.  
 
https://www.nerc.com/pa/Stand/Pages/Project2022-
02ModificationstoTPL-001-5-1andMOD-032-1.aspx 
 

Commented [EC45]: Does this mean verified or does this mean 
more visible (less aggregated) or does this mean more detailed or 
more volume?? What is high quality data? 

Commented [JS46R45]: Using “verifiable” for clarity. 

Commented [JS47]: Should DER aggregators become 
Functional Entities similar to GOPs? 

Commented [JS48R47]: SPIDERWG seeks direction to engage 
NERC registration to begin answering such questions. 

https://www.nerc.com/pa/Stand/Pages/Project2022-02ModificationstoTPL-001-5-1andMOD-032-1.aspx
https://www.nerc.com/pa/Stand/Pages/Project2022-02ModificationstoTPL-001-5-1andMOD-032-1.aspx
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Verification  
Figure V.1 shows the paragraphs from FERC Order No. 2222 that are particularly relevant for the purposes 
of verification activities with the introduction of the DER aggregator.  
 

 
Figure V.1: Relevant Verification Paragraphs 

 
When developing telemetry requirements, SPIDERWG recommends that RTOs/ISOs consider using the 
Reliability Guideline: Model Verification of Aggregate DER Models used in Planning Studies34 as well as 
established interconnection requirements to determine the technical specifications of electrical metering 
and the electrical locations for the equipment. It is also important to recognize that new Tariffs allowing 
participation of DER in aggregate will present unique challenges not seen with more traditional resources35, 
so consideration of TP and TOP needs when establishing metering and telemetry requirements to monitor 
and verify the aggregate DER need to be clear for participating DER. For use by the TP and TOP, metering 
equipment should support the ability to capture waveforms36 for playback in order to verify the 
performance of the DER aggregation in disturbance-based model verification or through event analysis. 
While individual DER data is not as important to transmit, providing data from where the individual resource 
aggregates to the transmission system will aid Transmission Planners in developing and studying how the 
DER aggregator may alter the electrical characteristics of the T-D interface, and verifying the TP and PC’s 
representation of those changes in their set of models. Further, in event analysis it is important to 
determine root causes and electrical responses of equipment that can affect the Bulk Power System. 

                                                      
34 Available here: 
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline%20_DER_Model_Verification_of_Aggregate_DER_Models_u
sed_in_Planning_Studies.pdf  
35 Primarily the monitoring of a single Point of Interconnection does not provide the one to one mapping used to verify resource models using 
disturbance based playback. 
36 For specifics, see Chapter 1 of the Reliability Guideline: Model Verification of Aggregate DER Models used in Planning Studies that discusses 
the placement of devices and data collection for model verification. In general, the focus for waveform capture is at the T-D Interface. 

Paragraph 267. “…we provide flexibility to RTOs/ISOs to propose specific metering requirements, including any that may 
apply to individual distributed energy resources that the RTO/ISO demonstrates are needed to obtain any required 
performance data for auditing purposes and to address double compensation concerns. Similarly, we provide flexibility to 
the RTO/ISO as to whether to propose specific telemetry requirements for individual distributed energy resources in an 
aggregation. The need for such requirements may depend, for example, on whether the RTO/ISO allows multi-node 
aggregations or how multi-node aggregations are implemented. By providing flexibility while also requiring that the 
RTO/ISO explain why any proposed metering and telemetry requirements are necessary, we allow the RTO/ISO to obtain the 
metering and telemetry information it needs without burdening the distributed energy resource aggregator to provide data 
that may not be necessary.” 
 
Paragraph 268. “…we expect that RTOs/ISOs will base any proposed metering and telemetry hardware and software 
requirements for distributed energy resource aggregations on the information needed by the RTO/ISO while avoiding 
unnecessary requirements that may act as a barrier to individual distributed energy resources joining distributed energy 
resource aggregations or to distributed energy resource aggregations participating in the wholesale markets.” 
 
Paragraph 269. “…we note that any additional RTO/ISO metering and telemetry requirements would not change those 
required by state or local regulatory authorities and would be required solely to assist with settlements and audits of activity 
in RTO/ISO markets, or to provide RTOs/ISOs with the real-time information needed to reliably and efficiently dispatch their 
systems.” 

Commented [JS49]: Paragraph 267 discusses the possibility for 
multi-node aggregations.  As noted on Page 7, any multi-node 
aggregation must be modelled and monitored discretely at each 
BPS bus that is included in the aggregation. 

Commented [MM50R49]:  

Commented [JS51R49]: SPIDERWG agrees and added more 
text to the above comment in the modeling section to cover multi-
node aggregations (i.e., aggregations that span more than one BPS 
buss) 

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline%20_DER_Model_Verification_of_Aggregate_DER_Models_used_in_Planning_Studies.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline%20_DER_Model_Verification_of_Aggregate_DER_Models_used_in_Planning_Studies.pdf
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Transmission Planners should take care to evaluate whether different hardware and software types within 
an aggregation warrant separate reporting channels as the differing technologies have unique electrical 
responses.  
 
How the DER aggregation performs will, of course, affect whether data gets reported in the aggregate for 
particular instances. Refer to the previously mentioned Reliability Guideline for the use of recordings for 
model verification and event analysis concerning DER. The metering and telemetry mentions mentioned in 
Figure VX.XXX1 are typically market market-related, but may have a need to be used by the TOP to maintain 
situational awareness for the bulk systemBPS, which is discussed in the coordination section of this white 
paper. As such, it is important to involve have the TOP be involved in the development definition of 
metering and telemetry devices used for the resources aggregated by a DER aggregator.  
 
Studies 
Figure S.1 shows the paragraphs from FERC Order No. 2222 that are particularly relevant for the purposes 
of performing reliability studies with the introduction of the DER aggregator.  
 

 
Figure S.1: Relevant Studies Paragraphs 

 
RTO/ISO consideration of DER aggregators should ensure that study boundaries depicting the DERs 
aggregatorsaggregated by a DER aggregator are well-defined and understood by TPs and PCs. More 
specifically, if a DER aggregator the DERs aggregated by a DER aggregator spans across multiple TP/PC 
footprints37, coordination of data, information, models, practices, etc., will have to be updated consistently 
to ensure the DER aggregatorion is reflected properly in operational, near-term, and long-term studies. 

                                                      
37 This is possible to occur through a DER aggregator spanning a single RTO or ISO but the boundary is across two or more areas planned by 
differing TPs. 

Paragraph 99. “…In response to increased demand for distributed energy resource aggregations for wholesale market 
participation, some state or local authorities may choose to voluntarily update their distribution interconnection processes 
to assess the impacts of distributed energy resource aggregations on the distribution system at the initial interconnection 
stage, while other state and local authorities may not. In the latter scenario, it may be both necessary and appropriate for 
the RTO/ISO, in coordination with affected distribution utilities, to conduct separate studies of the impact on the distribution 
system after a distributed energy resource joins a distributed energy resource aggregation.” 
 
Paragraph 99. “…we expect that modifications to the list of resources in a distributed energy resource aggregation could 
occasionally indicate changes to the electrical characteristics of the distributed energy resource aggregation that are 
significant enough to potentially adversely impact the reliability of the distribution or transmission systems and justify 
restudy of the full distributed energy resource aggregation; therefore, RTOs/ISOs and distribution utilities may perform such 
aggregation restudies if necessary…” 
 
Paragraph 294. “…this final rule in no way prevents state and local regulators from amending their interconnection 
processes to address potential distribution system impacts that the participation of distributed energy resources through 
distributed energy resource aggregations may cause. In addition, coordination between RTOs/ISOs, distributed energy 
resource aggregators, relevant electric retail regulatory authorities, and distribution utilities during the registration and 
distribution utility review processes should provide RTOs/ISOs with the information they need to study the impact of 
distributed energy resource aggregations on the transmission system.” 

Commented [GN52]: Figure M.2? 

Commented [JS53R52]: Referenced V.1 

Commented [BP54]: Do you mean DER Aggregator, who is a 
Market Participant, or a DER Aggregation, which is a physical 
resource consisting of one or more DERs in a defined location on 
the transmission system? 

Commented [JS55R54]: Added clarity to talk about the 
physical resources (DER) under control of a DER aggregator rather 
than the DER aggregator (entity).  

Commented [BP56]: A DER Aggregator may have multiple DER 
Aggregations (DERAs) that it is managing (like a generation 
company may have several Generator Assets).  The DERAs must be 
in a defined location on the transmission system, not the DER 
Aggregator.  I think you mean DER Aggregation (DERA) in this 
section. 

Commented [JS57R56]: Added clarity to reference the DER 
under control by a DER aggregator, to try and limit the amount of 
acronyms and times “aggregate” or similar is used. 

Commented [JS61R60]: Thank you for your comment. 

Commented [JS60]: Agreed.  This is a special case of multi-
node aggregations.  In any case, each discrete location (at the BPS 
bus) should be represented discretely. 

Commented [BP58]: Ideally, DERAs consist of DERs that are all 
in the same TC/PC footprint, so that such coordination schemes are 
not necessary.  That is certainly true for the ISO-NE Order 2222 
Compliance Proposal. 
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Further, the proliferation of DER aggregators may also impact regional and inter-regional planning practices 
(e.g., underfrequency load shedding programs38 required under PRC-00639 or the determination of the 
most single severe contingency for an Interconnection). RTOs/ISOs should ensure that data is exchanged 
between TPs/PCs and used appropriately. Considering these transformative operational models for DER 
aggregators, model and study quality and fidelity is just as important now as it has ever been.  
 
SPIDERWG encourages RTOs/ISOs to proactively study the impact DER aggregators have on regional and 
local transmission systems, specifically assessing the reliability impact these resources have on the BPS. 
Study results, through ample coordination and communication of identified impacts, should be 
communicated to both all impacted system operators with an eye toward mitigating any impacts DER 
aggregations might cause.  
 
All entities must coordinate to ensure adequate studies adequately represent the behavior of the DER 
aggregations under the control of a DER aggregator. For example, care should be taken to determine 
whether the DER can safely participate in the proposed markets through a fully vetted interconnection 
study. Further, all entities should coordinate and perform adequate studies (coordination of protection 
settings, operational day-ahead, etc.) to ensure the reliability of the BPS for aggregations operated under 
DER aggregators. This paradigm shift may also require software vendors to provide adequate tools for TPs 
and PCs to represent the behavior operational characteristics of the aggregations under the control of DER 
aggregators.  
 
Further, while production cost modeling is typically not the focus of TPs and PCs, SPDIERWG’s SPIDERWG’s 
recommendations may be relevant for simulation in those practices. Additionally, any dispatch assumptions 
that come from production cost modeling need to be fully understood by the TOP, TP and PC as those 
dispatches are included in their reliability studies. 
 
Coordination 
Figure C.1 shows the paragraphs from FERC Order No. 2222 that are particularly relevant for the purposes 
of coordination activities with the introduction of the DER aggregator.  
 

                                                      
38 SPIDERWG’s Reliability Guideline: Recommended Approaches for UFLS Program Design with Increasing Penetrations of DERs for this 
particular practice can be found at the RSTC website here: https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx  
39 PRC-006-5 is available here: https://www.nerc.com/files/PRC-006-5.pdf  

Commented [JS59R58]: Thank you for your comment. No 
changes made. 

Commented [JS62]: From Robert Reinmuller: 
“May need to assess if combined DER and other IBR loss under 
major contingency constitutes the largest generation contingency. 
could be larger than the biggest lump unit, for example a nuclear 
generator.” 

Commented [JS63R62]: Added text in the example that 
incorporates this concept. 

Commented [BP64]: Behavior of the individual DERs in the 
DERA, or behavior of the DERA in aggregate 

Commented [JS65R64]: The latter. Altered text to emphasize 
the need for studies to represent the resources (plural, not singular) 
under the market entity that performs the aggregation.  

Commented [BP66]: It is very important to draw a distinction 
between DER, DERA, and DER Aggregator.  This section seems to 
make these terms interchangeable, which they are not.  A DER is an 
individual resource on the distribution system or behind the 
customer meter, a DERA is an aggregation of one or more DERs that 
are located on a specific portion of the transmission system, and 
DER Aggregator is the Market Participant that participates in 
wholesale market using the DERAs that they “own”.   

Commented [JS67R66]: Added some clarity on the 
representation to indicate the behavior of the resources under 
control of an aggregator. 

Commented [GN68]:  
(Comment from Colton Pankhurst, NRCan) 
 
This section might benefit from mention of coordinated operational 
decision making protocols as a critical need. The section speaks to 
data needs and coordination of performance requirements, 
however does not meaningfully mention the issues of tier bypassing 
or hidden coupling in energy architecture design. There is a need 
for clear definition of decision priority to accommodate DER 
aggregators. 

Commented [JS69R68]: Added to the list of things called out 
in the paragraph below.  

https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx
https://www.nerc.com/files/PRC-006-5.pdf
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Figure C.1: Relevant Coordination Paragraphs 

 
Having clear data exchange processes between the DER aggregators, the distribution utility, transmission 
entities (primarily TOPs) and the RTO/ISO (which are registered as BAs and RCs) are critical for ensuring 
reliable operation of the BPS. This includes real-time data exchange, expected performance into future 
operating conditions (for studies), clearly defined data models, and data quality/exchange protocols, and 
coordinated decision making protocols on both sides of the T-D interface. SPIDERWG recommends tight 
coordination among DER aggregators, DPs, TPs, TOPs, and other entities across the T-D interface in order 
to ensure the reliability of the Bulk Electric System. In this tight coordination, the reliability needs of the 
bulk system, the reliability needs of the distribution system, and coordinated operational decision making 
expected to be weighed and discussed for what specific information sharing process the DER aggregators, 
DPs, TPs, TOPs, and other relevant entities are to use.  
 
Further, RTOs/ISOs should develop requirements to ensure the DER aggregator has a process to submit 
uniform clearly defined information40 from every individual DER in the aggregation for the purposes of 
representing the equipment in operational or planning studies. BAs and RCs should ensure performance 
requirements exist to provide System Operators confidence in the capabilities of DER aggregators 
aggregations such that operators maintain their system awareness. The BAs and RCs should ensure that 
proper communications and coordination are performed so that implemented requirements are able to 
meet both transmission and distribution needs. As more DER aggregators come online, SPIDERWG will 
monitor the impacts and discuss recommended changes in future work. A few topics are mentioned in the 
section below for such future efforts. 

                                                      
40 Having information on each DER in the aggregation allows for the engineer to allocate each DER and its capabilities to a BPS bus in the 
simulation. 

Paragraph 292. “…each RTO/ISO must coordinate with distribution utilities to develop a distribution utility review process 
that includes criteria by which the distribution utilities would determine whether (1) each proposed distributed energy 
resource is capable of participation in a distributed energy resource aggregation; and (2) the participation of each proposed 
distributed energy resource in a distributed energy resource aggregation will not pose significant risks to the reliable and 
safe operation of the distribution system. To support this review process, RTOs/ISOs must share with distribution utilities any 
necessary information and data… about the individual distributed energy resources participating in a distributed energy 
resource aggregation. In addition, the results of a distribution utility’s review must be incorporated into the distributed 
energy resource aggregation registration process.” 
 
Paragraph 310. “we… require each RTO/ISO to revise its tariff to (1) establish a process for ongoing coordination, including 
operational coordination, that addresses data flows and communication among itself, the distributed energy resource 
aggregator, and the distribution utility; and (2) require the distributed energy resource aggregator to report to the RTO/ISO 
any changes to its offered quantity and related distribution factors that result from distribution line faults or outages.” 
 
Paragraph 324. We further note that possible roles and responsibilities of relevant electric retail regulatory authorities in 
coordinating the participation of distributed energy resource aggregations in RTO/ISO markets may include, but are not 
limited to: developing interconnection agreements and rules;  developing local rules to ensure distribution system safety and 
reliability, data sharing, and/or metering and telemetry requirements;  overseeing distribution utility review of distributed 
energy resource participation in aggregations;  establishing rules for multi-use applications;  and resolving disputes between 
distributed energy resource aggregators and distribution utilities over issues such as access to individual distributed energy 
resource data. 

Commented [JS70]: Another example of the need for 
aggregators to become recognized functional entities. 

Commented [JS71R70]: Thank you for this comment. 

Commented [BP72]: This focuses on the reliability of the BPS.  
But the paragraphs cited from Order 2222 above concerns the 
reliability of the distribution system.  The coordination needed is a 
two-way street – information needs to be shared between TOPs 
and distribution operators (DOPs) to maintain reliability of both the 
BPS and distribution systems.   

Commented [JS73R72]: SPIDERWG agrees. Added text to also 
clarify this point. 

Commented [JS74]: From Robert Reinmuller: 
“May elaborate “uniform” a little bit for each individual DER, does it 
mean in form of Figure M.2 DEA_A form?” 

Commented [JS75R74]: Clarity added as uniform wasn’t 
really the way to describe the form. The goal is to have the 
capability to allocate modeled resources  
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SPIDERWG anticipates that the DER aggregator will, in the efforts of coordination, have multiple 
transmission entities  different places where data is sent to transmission entities to ensure reliability of the 
BES.  
 
FERC 2222-A, FERC 2222-B, and Possible Future Rulings 
After FERC Order No. 2222, issues such as demand response, opt-outs, and the jurisdiction of state 
regulators were raised to FERC. The SPIDERWG is not specifically focusing on the content of these 
subsequent releases other than to reiterate the guidance mentioned above. SPIDERWG recommends that 
RTOs and ISOs to adopt the recommendations contained within the reliability guidelines to ensure that 
appropriate measures are in place, particularly with the inclusion of DER aggregators. SPIDERWG recognizes 
that the DER aggregator introduced in the releases is not within the current NERC functional model of 
registered entities. Therefore, in a future with more DERs controlled by a DER aggregatorsaggregator, this 
could lead to challenges in maintaining essential reliability services, sharing off-line or real-time information 
for planning or operations, and could introduce security vulnerabilities into the electricity ecosystem. These 
issues should be considered and addressed in the very near-term. SPIDERWG is willing to provide 
perspectives on this subject, but is seeking RSTC input on whether to add this to the SPIDERWG work 
plan.SPIDERWG recommends to add to its work plan items to provide perspectives on the registration of 
the DER aggregator as a NERC entity. 
 
Recommendations for SPIDERWG Work Plan Additions 
FERC Order No. 2222 identified topics considered out-of-scope for Order No. 2222 in Paragraph 362, and 
industry identified these as areas of concern where future work may be needed. SPIDERWG reviewed these 
topics and has provided recommendations for future work as well as the applicable group within the RSTC 
that could lead those efforts (see Table 1).  
 

Table 1: Proposed Future Work 
Topic Deliverable RSTC Group Timeline 
Impacts on BPS variability and uncertainty due to the 
introduction of the DER aggregator 

White Paper SPIDERWG 2023+ 

Recommended practices for modeling DER aggregators (and 
parameterizing those models) in BPS reliability studies and 
practices for modeling multiple DER aggregators behind a T-D 
interface.  

White Paper SPIDERWG 2023+ 

Understanding the BPS planning and operations impacts of 
DER management systems (DERMS) and other aggregator 
functions after complete implementation and operation 

White Paper SPIDERWG 2023+ 

Privacy and cybersecurity (cyber or physical) concerns for the 
BPS with the introduction of DERs and DER aggregators 

White Paper SPIDERWG & 
SITES 

2023+ 

Sharing data collection and data sharing practices with the 
introduction of the DER aggregator 

White Paper SPIDERWG 2023+ 

Formatted: Highlight

Commented [EC76]: This should be added to the work plan.  
Please elaborate on security vulnerabilities and possible solutions. 

Commented [JS77R76]: Thank you for this comment. The 
SPIDERWG has set to start this discussion in anticipation of this 
paper’s approval. Table 1 has been revised to reference the need 
for security concerns to be addressed rather than only 
cybersecurity.  

Formatted: Highlight

Commented [JS78]: From Robert Reinmuller: 
“ 
In addition, the comments below are intended to enhance the 
background and guidance that is provided. These may or may not 
be addressed at this stage of the development; however they are 
aspects that we would need to be considered at some point. 
 

1.Guidance regarding locational requirements for DER 
aggregations. The definition of aggregator allows aggregation of 
DERs at any geographical locations. However, in system studies a 
physical point of aggregation needs to be defined explicitly. A 
transmission station MV bus is a convenient point of aggregation 
since the collective service performance of participating DERs in 
the aggregation can be defined at this location. Even if we qualify 
recommended locations vs. less desired locations, we are driving 
towards an optimal / operationally desired solution. 

 
2.Quantifying the technical benefits resulting from the 
introduction of aggregators in addition to what the DERs that 
conform to recent interconnection standards can already 
achieve. What additional hardware and software may be 
required to achieve these benefits and will system studies need 
to take them into account? Will the paper recommend operating 
authorities to establish technical performance standards at the 
point of aggregation under normal operating conditions as well 
as during/post-contingency? 

 
3.The electrical properties at the point of an aggregation can be 
very different from those at the points of interconnection of 
participating DERs within the aggregation. For instance, the 
system X/R ratio at a point of aggregation (a TS MV bus) can be 
more than 20 times of the X/R ratio at a point of interconnection 
of a participating DER.  As a result, operating parameters that 
ensure satisfactory performance at the locations of participating 
DERs may not ensure satisfactory performance at the point of 
aggregation. The introduction of DER aggregator could also 
present an opportunity to bring all participating DERs (existing) 
to recent interconnection standards through hardware and 
software upgrades, therefore modifying their performances. 
Would aggregation studies be required to ensure satisfactory 
performance at the point of aggregation as well as at the 
locations of participating DERs?  ...

Commented [JS79R78]: Thank you for these extensive 
comments. Items number 1, 2, and 5 are called out in Table 1 for 
proposed future work and will be in scope for consideration there. 
Clarity edits have been made in the modeling section for item 4. 
Response for 3 below:  
 
3) The Distribution Provider is the one who would need to ensure 
the interconnection of equipment maintains their system’s 
reliability, and it is intended that the coordination of the entities on 
both sides of the T-D Interface ensure reliable performance on both ...
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Technical impacts on the potential NERC registration41 of the 
DER aggregator for NERC standards.  

Various VariousSPIDERWG TBD 

 

                                                      
41 This item’s deliverable, RSTC group, anddeliverable and timeline is dependent upon the result of current efforts of SPIDERWG 
leadership engaging with the RSTC and other NERC groups to see what role SPIDERWG plays in any NERC registration 
discussiontotal amount of work it will take to demonstrate the impact of a DER aggregator and what documentation is required 
to adjust the registration criteria. 
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Summary 
This finalized document is a product of a multi-part collaborative effort. These 
recommendations were developed based on feedback from a range of industry participants 
(see Contributors section for full list) representing utilities, ISOs, consultants, and 
OEMs. The initial recommendations were subsequently taken to software vendors for 
further input and revision. The SPIDERWG then reviewed and provided additional comments 
and feedback. This report is split into three parts to provide an introduction to various 
simulation tool topics, the list of improvements recommended by SPIDERWG, and the seams 
that currently exist in current power system planning analysis that may require new solutions to 
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the next generation of software tools and techniques that will aid power system planners as 
they contend with increased proliferation of distributed energy resources. This document 
is not intended to be an endorsement of any particular software platform, nor as a 
critique of the existing capabilities of any software program. Screenshots of various software 
tools appear in the document only as a means of offering further clarity on the topic at hand  
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NERC System Planning Impacts of Distributed Energy Resources Working 
Group (SPIDERWG) 
June 2022 
 
Disclaimer: This document is intended to be a resource for software vendors to help guide the next 
generation of software tools and techniques that will aid power system planners as they contend with 
increased proliferation of distributed energy resources. This document is not intended to be an endorsement 
of any particular software platform, nor as a critique of the existing capabilities of any software program. 
Screenshots of various software tools appear in the document only as a means of offering further clarity on 
the topic at hand. 
 
Purpose 
The NERC System Planning Impacts of Distributed Energy Resources Working Group (SPIDERWG) has 
developed a number of guidelines and studies relating to distributed energy resource (DER) integration. 
Tracking DERs will add significant level of complexity to the planning process, stressing data fidelity, 
modeling accuracy, and computational limitations. This document provides a distilled version of the NERC 
SPIDERWG recommendations that may be pertinent to power system software developers, and outlines 
some of the related literature that may aid in developing further software improvements and techniques.  
 
This finalized document is a product of a multi-part collaborative effort. These recommendations were 
developed based on feedback from a range of industry participants (see Contributors section for full list) 
representing utilities, ISOs, consultants, and OEMs. The initial recommendations were subsequently taken 
to software vendors for further input and revision. The SPIDERWG then reviewed and provided additional 
comments and feedback.  
 
The white paper is broken down into three sections. Part I provides an overview of SPIDER working group 
efforts to quantify and qualify the manner in which DERs are changing the system planning process. This 
section also provides a review of related literature from government, industry, academic sources. Part II 
identifies a number of issues related to the representation of DERs in power system planning models that 
may strain the existing capabilities of power system software. Part III discusses the seams that exist 
between typical power system planning analysis (transmission versus distribution studies, positive-
sequence load flow versus electromagnetic transient analysis, etc.), and how DERs may necessitate new 
software solutions that stitch these seams together.  
 
PART I: Overview of NERC SPIDERWG and Related Efforts 
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When distributed energy resources (DERs) were introduced on the power system, they were initially viewed 
as a distribution system concern only. DER interconnection requirements such as IEEE 1547-2003 tended 
to recommend immediate tripping for DERs during abnormal system conditions, in order to protect utility 
workers and avoid unexpected distribution system voltage dynamics. 
 
However, the profusion of DER throughout the power system has led planning engineers to reconsider the 
bulk system impacts of these devices. Recent events have highlighted the effects that a large amount of 
inverter-based resources can have on the transmission system. For instance, the Blue Cut Fire incident in 
2016 involved the loss of roughly 1200 MW of solar generation during in Southern California due to a fault 
on a nearby transmission line. This sudden drop in generation was not anticipated by operators at the time, 
and emphasized the need for better system visibility in both the planning and operations horizon. 
 

 
Figure 1 – Utility Scale Solar PV Output in SCE Footprint on August 16, 20161 

While the reduction in generation during the Blue Cut Fire was primarily driven by utility-scale solar, this 
incident highlights the concerns that system planners have as DERs continue to proliferate. If a large number 
of DERs were to trip off simultaneously during a fault or other abnormal system condition, it could trigger 
transient instability, inadequate contingency reserves, unanticipated thermal overloads, and potential 
voltage collapse.  
 
Even without tripping, DERs will cause significant change to system-wide power flows (both in magnitude 
and direction), rising feeder voltage profiles, and potential reduction in the effectiveness of underfrequency 
and undervoltage load shed schemes, to name a few issues. It is therefore imperative that system planning 
engineers have the visibility, via accurate and up to date models, to adequately catalog the distributed 
energy resources deployed on their systems. 

                                                      
1 1200 MW Fault Induced Solar Photovoltaic Resource Interruption Final.pdf 

https://www.nerc.com/pa/rrm/ea/1200_MW_Fault_Induced_Solar_Photovoltaic_Resource_/1200_MW_Fault_Induced_Solar_Photovoltaic_Resource_Interruption_Final.pdf
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Figure 2 –DER deployment continues to outpace projections in many areas. Shown above are ISO-NE distributed 

solar PV annual forecasts. [Source: ISO-NE]2 

The NERC System Planning Impacts from Distributed Energy Resources (SPIDER) working group was created 
to address aspects of these key points of interest related to system planning, modeling, and reliability 
impacts to the Bulk Power System (BPS). It builds on related work from the NERC Inverter-based Resource 
Task Force3 and the NERC Distributed Energy Resource Task Force.4 
 
The NERC SPIDER working group has authored a number of documents related to system planning impacts 
of DERs. A few which may be of interest to power system software vendors include: 

• NERC System Planning Impacts from Distributed Energy Resources Working Group – Scope 
Document5 - Provides an overview of the purpose, activities, and deliverables of the SPIDER working 
group 

• NERC Reliability Guideline – Bulk Power System Reliability Perspectives on the Adoption of IEEE 
1547-20186 – Discusses how the inverter trip settings and reactive power control modalities 
described in IEEE Standard 1547-2018 are expected to impact the bulk electrical system 

                                                      
2 https://www.iso-ne.com/static-assets/documents/2019/04/final-2019-pv-forecast.pdf 
3 Summary of IBRTF Activities 
4 NERC DERTF Final Report 
5https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/SPIDERWG_Scope_Document
_-_2018-12-12.pdf 
6 https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_IEEE_1547-2018_BPS_Perspectives.pdf 

https://www.iso-ne.com/static-assets/documents/2019/04/final-2019-pv-forecast.pdf
https://www.nerc.com/comm/PC/Documents/Summary_of_Activities_BPS-Connected_IBR_and_DER.pdf
https://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Distributed_Energy_Resources_Report.pdf
https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/SPIDERWG_Scope_Document_-_2018-12-12.pdf
https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/SPIDERWG_Scope_Document_-_2018-12-12.pdf
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_IEEE_1547-2018_BPS_Perspectives.pdf
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• NERC White Paper – Assessment of DER impacts on NERC Reliability Standard TPL-0017 - The NERC 
Reliability Standard TPL-001 specifies how transmission planners evaluate the performance of the 
transmission system, including the types of studies that are considered (steady-state load flow, 
PV/QV, transient stability) and the acceptable criteria for each of the studies. This NERC White Paper 
provides a context for how the proliferation of DERs may affect transmission studies going forward, 
and provides guidance on potential touchpoints involving DERs and the TPL-001 document. 

• NERC Reliability Guideline – DER Data Collection for Modeling in Transmission Planning Studies8 - 
Provides guidance when conducting NERC Reliability Standard MOD-32 data collection efforts 
involving DERs 

• NERC Reliability Guideline - Bulk Power System Planning under Increasing Penetration of 
Distributed Energy Resources9 - A reference for planning engineers that includes a range of example 
studies incorporating DERs, as well as suggested best practices for accounting for DERs in various 
system planning efforts 

• NERC SPIDER WG Terms and Definitions Working Document10 – Useful resource for terms and 
definitions contained herein as well as in related SPIDER working group documents  

                                                      
7 Available here: 
https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/SPIDERWG_White_Paper_TPL-
001_Assessment_and_DER.pdf  
8 Available here: https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf  
9 This document is still currently under development by the SPIDERWG and is reflected in the SPDIERWG work plan, which is available here: 
https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Work%20Plan.pdf  
10 Latest version available here: 
https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Terms%20and%20Definitions%20Working%20Document.pdf  

https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/SPIDERWG_White_Paper_TPL-001_Assessment_and_DER.pdf
https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/SPIDERWG_White_Paper_TPL-001_Assessment_and_DER.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf
https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Work%20Plan.pdf
https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Terms%20and%20Definitions%20Working%20Document.pdf
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PART II: DER Impacts on Power System Software Tools 
Continued proliferation of DERs is expected to cause a number of impacts to the BES.11,12,13 Future power 
system studies will require software tools that can track a large number of distributed resources (typically 
aggregated up to the feeder or substation bus level), while providing the ability to both observe and adjust 
the output of these resources globally. At the same time, the addition of new DER tracking capabilities will 
need to be balanced against the increase in complexity for the user and data fidelity requirements that they 
will cause. 
 
The recommendations in this section relate to how best to account for DERs in transmission system base 
case models. Given the sheer size of BES base case planning studies (often >10,000 load serving nodes), it 
will be crucial that power system software can programmatically handle a large number of DER models 
while simultaneously presenting information on overall DER behavior to the user in a comprehensible 
format. 
 
Organizing DER information in load flow models 
 
Tracking distributed generation is becoming an increasingly important component of the base case building 
process and general transmission planning analysis. Future planning scenarios are likely to include large 
amounts of DER that will significantly affect the power flow of the transmission network, and it will be 
critical for planners to have easily accessible information on the amount of dispatched DER in a particular 
case. 
 
Previous Guidance 
The NERC Reliability Guideline: Modeling Distributed Energy Resources in Dynamic Load Models14 
provides guidance for modeling DER. Two points of the guideline are emphasized here: 
The guide delineates between two types of DER representations, referred to as U-DER and R-DER. To 
generalize, U_DER represents utility-scale resources above a specific MW threshold (usually located near 
the substation), while R_DER represents an aggregation of smaller, often behind-the-meter resources 
dispersed across one or more feeders. 

• Two of the three following quantities should be accounted for in transmission planning base case 
load models: gross load, net load, and DER generation, with the third component being 
automatically calculated from the other two. 

 

                                                      
11 Planning Hawai’i’s Grid for Future Generations – Integrated Grid Planning Report 
https://www.hawaiianelectric.com/documents/clean_energy_hawaii/integrated_grid_planning/20180301_IGP_final_report.pdf 
12 Coordination of Transmission and Distribution Operations in a High Distributed Energy Resource Electric Grid 
https://www.caiso.com/Documents/MoreThanSmartReport-CoordinatingTransmission_DistributionGridOperations.pdf 
13 Impact of Distributed Energy Resources on the Bulk Electric System Combined Modeling of Transmission and Distribution Systems and 
Benchmark Case Studies https://www.osti.gov/biblio/1433502-impact-distributed-energy-resources-bulk-electric-system-combined-
modeling-transmission-distribution-systems-benchmark-case-studies 
14https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_Modeling_DER_in_Dynamic_Load_Models_-
_FINAL.pdf 

https://www.hawaiianelectric.com/documents/clean_energy_hawaii/integrated_grid_planning/20180301_IGP_final_report.pdf
https://www.caiso.com/Documents/MoreThanSmartReport-CoordinatingTransmission_DistributionGridOperations.pdf
https://www.osti.gov/biblio/1433502-impact-distributed-energy-resources-bulk-electric-system-combined-modeling-transmission-distribution-systems-benchmark-case-studies
https://www.osti.gov/biblio/1433502-impact-distributed-energy-resources-bulk-electric-system-combined-modeling-transmission-distribution-systems-benchmark-case-studies
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_Modeling_DER_in_Dynamic_Load_Models_-_FINAL.pdf
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_Modeling_DER_in_Dynamic_Load_Models_-_FINAL.pdf
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Per the modeling guideline, U_DER is modeled as a discrete generator model. As such, information about 
these resources can be tracked within the existing generator modeling framework available in load flow 
software. 
 

 
Figure 3: The U_DER and R_DER model representation 

 
However, it is not feasible to include information on every individual DER dispersed across a distribution 
feeder in a transmission planning base case model. As such, the R_DER representation is used to aggregate 
a group of DER in an effort to approximate the combined behavior of these resources. 
 
Tracking Distributed Generation Output 
As originally discussed in the NERC Reliability Guideline: Distributed Energy Resource Modeling15, it is 
recommended that Distributed Generation fields be provided within power flow software load models, and 
that the Distributed Generation dispatch be sortable by Area, Zone, Owner, and related fields. An example 
of R_DER data accounting in PowerWorld (Version 21) is shown in Figure 3, Figure 4, and Figure 5, while 
Figure 6 and Figure 7 demonstrate DER tracking in the PSS/E environment (v34.6).  

                                                      
15https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-
_FINAL.pdf 

https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-_FINAL.pdf
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-_FINAL.pdf
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Figure 4: Load model dialog with Distributed Generation section [Source: PowerWorld] 

 

 
Figure 5: DER deployment listed by area [Source: PowerWorld] 

 

 
Figure 6: DER deployment listed by owner [Source: PowerWorld] 
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Figure 7: DER deployment listed by bus [Source: Siemens PSS/E version 34.6] 

 

 
Figure 8: Data Record for DER [Source: Siemens PSS/E version 34.6] 
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Reactive power capabilities of DER 
Behind-the-meter DER in power flow are modeled as a part of load with active and reactive power. 
Currently, limits on the upper and lower bounds on DER reactive capability (here denoted Qmin and Qmax) 
are not typically available in positive-sequence software.  
 
The increasing penetration of inverter-based resources in the generation mix will in turn spur increased 
participation in voltage control and reactive power injection from these same inverters. Increased use of 
volt-var support and other voltage control methods may eventually lead to a need to model the available 
reactive power of a set of distributed resources. Many jurisdictions have begun to require fixed power 
factor for DER resources as well. It is recommended that software vendors be aware of the implications of 
DER-supplied reactive power and consider how best to model any reactive power limitations. 
 
Data Tracking Implications of FERC Order 2222 
In September 2020, the Federal Energy Regulatory Commission (FERC) adopted Order No. 2222 - 
Participation of Distributed Energy Resource Aggregations in Markets Operated by Regional Transmission 
Organizations and Independent System Operators. Order No. 2222 directs RTOs/ISOs to submit tariff 
revisions that open wholesale electricity markets to DER aggregations, specifically requiring them to allow 
distributed energy resource aggregations to participate directly in the organized wholesale electric markets. 
 
According to Order 2222: 
 
Paragraph 294. “…this final rule in no way prevents state and local regulators from amending their 
interconnection processes to address potential distribution system impacts that the participation of 
distributed energy resources through distributed energy resource aggregations may cause. In addition, 
coordination between RTOs/ISOs, distributed energy resource aggregators, relevant electric retail 
regulatory authorities, and distribution utilities during the registration and distribution utility review 
processes should provide RTOs/ISOs with the information they need to study the impact of distributed 
energy resource aggregations on the transmission system.” 
 
The implications of FERC Order 2222 are still being established within ISO/RTO environments. It is 
recommended that software vendors stay abreast of the topic and be prepared to support planning 
engineers with future tools that describe the behavior of DER Aggregators once their behavior is better 
understood.  
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Organizing DER dynamics modeling data 
A number of dynamics models such as REGC_A, REEC_A REPC_A, and PVD116 are available to capture the 
dynamic behavior of DERs.17 This guide recommends that power system software supports the recently 
designed DER_A model for DER dynamic behavior. 
 
In dynamic simulation, the DER_A model provides a number of modeling capabilities18: 

• Multiple control modalities, including constant power factor and constant reactive power control 

• Active power-frequency control with droop and asymmetric deadband 

• Voltage control with proportional control and asymmetric deadband 

• Fraction of resources tripping or entering momentary cessation at low and high voltage, includes a 
timer feature 

• Fraction of resources restoring output following a low or high voltage or frequency condition 

• Active power ramp rate limits during return to service after trip or enter service following a fault 
or during frequency response 

• Active-reactive current priority options 

                                                      
16 The REEC_B model is no longer recommended as a model for dynamic simulations, as it does not capture the momentary cessation 
behavior of inverter-based resources. For more information, see 
https://www.wecc.org/Reliability/Converting%20REEC_B%20to%20REEC_A%20for%20Solar%20PV%20Generators.pdf 
17https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-
_FINAL.pdf 
18https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/Modeling-
DER_Modeling_Guideline_IG.pdf 

Key Takeaways 
• Smaller aggregations of DER dispersed across a feeder (denoted R_DER) should be accounted 

for using the Distributed Generation MW and MVAR fields in power flow load models, in order 
to separate these resources from gross load. 

• Load values in tables, reports, and GUI’s should always be labeled as Net or Gross. 

• Information on the total Distributed Generation MW and MVAR for a particular Area, Zone, 
Owner, etc. should be made available within the power flow software structure. 

• It is recommended that software vendors be aware of the implications of DER-provided 
reactive power and consider how best to model any reactive power limitations. 

• Vendors should stay abreast of developments surrounding FERC Order 2222 and be prepared 
to support planning engineers with future tools that describe the behavior of DER Aggregators, 
once the behavior of these resources is better understood. 

https://www.wecc.org/Reliability/Converting%20REEC_B%20to%20REEC_A%20for%20Solar%20PV%20Generators.pdf
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-_FINAL.pdf
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-_FINAL.pdf
https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/Modeling-DER_Modeling_Guideline_IG.pdf
https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/Modeling-DER_Modeling_Guideline_IG.pdf
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• Capability to represent generating or energy storage resources. Thus DER MW values in power 
flow data should be allowed to be negative for storage. 

The DER_A model should be usable as part of the composite load model or as a standalone model.  
 
Regardless of the DER dynamics model used, the ability to conduct transient simulations of DER behavior 
will be increasingly important as the power system transitions to greater reliance on these resources. Some 
desired features of dynamic DER data tracking include: 

1. Tabular organization of post-contingency DER model states and statuses. For instance, PSLF provides 
the statuses of DER following dynamic simulation, which can be tracked with the output table view 
as shown in Figure 9. The difference between the initial and final values of each DER listed in the 
table provides information about the tripping actions of DER following an event.  

 

 
Figure 9: DER_A dynamic model post-simulation state values, listed for a number of Composite Load Models 

[Source: GE PSLF] 

2. It is suggested that the same variables that track the behavior of DER (such as MW output, MVAR 
output, and tripping characteristics) be accessible in the plotting tools associated with transient 
stability software. Being able to quickly assess, for example, the percentage of DER that tripped in a 
specified Area following a system disturbance would aid in power system dynamic analysis. 

3. In some transient stability programs, when the results of transient stability are reviewed and 
plotted, there is no option to see and to plot the gross load, only the net load. Because of this, plots 
of load may look somewhat counter-intuitive, for example, load sharply increases with reduction in 
voltage, which is actually occurring because of the behind-the-meter DER trip. It would be useful to 
have an option to plot gross load as well as net load.  

4. There is interest from planning engineers in being able to take information on DER (for instance, 
determining percentage of DER that tripped at each model) from the final system state in transient 
stability runs and import this information back into the power flow case in order to study the 
post-contingency power dispatch. While it is understood that importing all of the information in the 
dynamic simulation back into the power flow may not be possible (for instance, if the system 
frequency was off nominal in the dynamic simulation, this would alter many of the resulting 
impedances in the steady state simulation), importing DER-specific information would be useful for 
studying certain situations, such as assessing post-contingency behavior of the system for thermal 
limit monitoring and PV/QV analysis. 

5. Relatedly, it would be helpful to provide the functionality to import recorded transient DER behavior 
into the post-contingency aggregate DER active and reactive power output at each load element 
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back into the load flow case. For example, if a transmission fault causes 5 MW of DER generation to 
trip off at a particular bus, it would be helpful to generate a script file that could be applied to the 
steady-state case that described this resulting 5 MW change in distributed generation at this bus. 

6. The above recommendations are likely to impact the computation burden required to run transient 
stability studies, especially when considering a variety of outage permutations. It is recommended 
that software vendors continue to be cognizant of computational time required for dynamic runs, 
even as DERs increase modeling complexity 

 

  

Key Takeaways 
• The DER_A model is recommended for use in dynamics studies to quantify the behavior of 

DER. The model should be supported in power flow software, both as a standalone model and 
as a component of the Composite Load Model 

• Post-contingency information on the behavior of the DERs, including the fraction of generation 
that tripped and was restored, should be made available in a tabular format 

• Plotting tools associated with dynamic simulations should provide accessible ways to display 
DER behavior, both at individual buses and in aggregate (by Owner, Area, Zone, etc.) 

• Plotting tools should also provide the ability to view both gross load and net load values 

• The ability to import DER tripping behavior from dynamic simulation back into the power flow 
model would be useful 

• It is recommended that software vendors continue to be cognizant of computational time 
required for dynamic runs, even as DERs increase modeling complexity 
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Off-Peak Dispatch of Solar DER 
 
Power Flow Modeling 
In transmission planning base case models, all generators have a specified Pmax that designates the 
maximum output of the facility, regardless of season or time of day, i.e. the nameplate capacity of the 
facility. Some distributed generation, especially photovoltaic (PV) solar generation, will have a range of 
active power output values that will be at or below this Pmax level, depending on the season and time of 
day. For instance, a PV resource with a peak capacity of 1 kW at noon in the summer may only be generating 
0.5 kW at 4pm in the fall.  
 
The base case building process is moving towards a paradigm in which the specified time of day will have a 
large impact on the generation dispatch profile. In the future, a Heavy Summer case at noon may look very 
different than a Heavy Summer case at 7pm, given the large change in solar generation (both DER and 
utility-scale) between these two times. 
 
In order to provide the ability to adjust DER output to off-peak values, power flow software will need to 
maintain minimum and maximum active power output capability for each DER model. As shown in Figure 4, 
PowerWorld provides an example of these parameters, by tracking the ‘Min MW’ and ‘Max MW’ value 
within the Distributed Generation section of the load model dialog. These minimum and maximum values 
enforce limitations on the active power output of the specified DER. 
 

 
Figure 10: Distributed Generation maximum and minimum active power limit fields [Source: PowerWorld] 

 
Furthermore, it will be useful to determine an aggregate “headroom” between the dispatched active power 
of a group of DER, and the total possible active power generation of this group. For instance, the 
PowerWorld ‘Loads’ tab displays a ‘Dist MW Input’ and ‘Dist MW Max’ value for each load (see Figure 10). 
However, in aggregation tabs such as ‘Areas,’ it is not possible to view the total ‘Dist MW Max’ across all 
DER by Area. This functionality would allow planners to quickly view how much of the potential DER active 
power is currently dispatched in a case. 
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Adding the ability to adjust the ratio of DER active power that is dispatched in a case would also be helpful. 
This could involve a controllable variable that represented the ratio of dispatched DER active power to total 
available DER active power. Since the DER dispatch may vary across geographic regions or in particular 
regulatory environments as well, providing the ability to adjust this ratio by Area, Zone, Owner, etc. would 
also be useful. 
 
However, care must be taken when adjusting DER active power output globally. Non-PV DER, such as 
distributed wind, may have active power outputs that should not be adjusted based on the time of day. In 
this case, it might be necessary to track PV DER separately from non-PV DER, and only adjust the PV DER 
active generation setpoints. Utilities and software vendors should collaborate to establish the appropriate 
parameters for the provision of this functionality. 

 
 
Transient Modeling 
When adjustments are made to DER active power setpoints, they may require corresponding changes to 
the DER dynamic modeling parameters. For instance, the NERC Modeling Notification “Dispatching DER 
Off of Maximum Power during Study Case Creation”19 describes how to set parameters of the DER_A 
model (specifically Freq_flag, Ddn, and Dup) in cases where DER is dispatched at off-peak output levels.  
 
A major concern is the possible disconnect between the power flow and dynamic models, since modeling 
maintenance or updates might not occur if data needs to be updated in both the power flow model and 
the dynamic model. For many planners, tracking and changing dynamic model parameters in each 
scenario is more challenging than changing power flow data.  
 
This is especially true when an engineer has to adjust a large set of data for individual models, and may not 
provide transparency across utilities detailing under what scenario their DER can be dispatchable or not. In 
general, planners adjust their own DER model parameters but are hesitant to make changes to neighboring 
systems. 
                                                      
19 NERC, “Dispatching DER Off of Maximum Power during Study Case Creation.” (Initial Distribution) 

Key Takeaways 
• Power flow software should provide minimum and maximum active power generation fields 

within DER models that enforce limits on the active power output of DER devices 

• The combined active power setpoints and the combined maximum active power of all DER in a 
particular Area, Zone, etc. should be easily viewable in a tabular format, in order to provide a 
measure of “headroom” between existing DER dispatch and maximum potential dispatch 

• Functionality should be added to power flow software to easily adjust the ratio of dispatched 
DER active power to total available DER active power. This functionality should be available to 
apply to the entire base case, or a particular Area, Zone, Owner, etc.  

• Care must be taken when providing global DER adjustments, as it may not be appropriate to 
adjust non-PV DER.  
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One way to prevent these issues would be to flag dynamics data that does not agree with steady state 
parameters. As an example, PSS/E automatically highlights some of the parameters that are outside typical 
ranges in both power flow and dynamic cases for conventional power system elements. It would be helpful 
if such capability can be added for DER modeling. 
 
For example (see Figure 11) the Vmax and Vmin fields are highlighted by PSS/E in the power flow. This is due 
to the fact their values are greater than 1.5 per unit (default maximum number). There is also a warning 
message when loading the power flow case, as shown in Figure 12. 
 

 
Figure 11: Potential out-of-range parameters are highlighted as a warning to the user [Source: Siemens PSS/E] 
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Figure 12: The log provides the user with feedback on potential out-of-range parameters [Source: Siemens PSS/E] 

Similar capability exists when working with dynamic models. Figure 13 shows an example of the EXST1 
model with parameters outside typical ranges being highlighted. 

 
Figure 13: Dynamics modeling parameters flagged for potential out-of-range data [Source: Siemens PSS/E] 

 
The most likely parameter to be misaligned between power flow and dynamic studies is the DER MVA base 
value (for DER modeled as standalone U_DER generators). It will be particularly important to flag when 
there is a discrepancy between this value in the power flow and dynamic models. 
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Another potential solution to this issue may be to automatically adjust certain dynamic modeling 
parameters as the steady state values are changed. For any automated adjustments, the user should be 
made aware via the program log that a change to the data has been conducted. 
 
Automating such a process requires a detailed understanding of the DER dynamics models and how they 
should be parameterized. Sources such as the NERC Modeling Notification “Dispatching DER Off of 
Maximum Power during Study Case Creation” and NERC Reliability Guideline “Parameterizing the DER_A 
Model”20 provide information to planning engineers regarding how best to determine the DER_A 
parameters. These references may also be of interest to power system software vendors to provide 
guidance on automatically adjusting certain DER_A dynamic model parameters in order to match 
steady-state DER dispatch modeling data. 

 
 
  

                                                      
20 https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_DER_A_Parameterization.pdf 

Key Takeaways 
• Adjustments to certain DER power flow parameters will necessitate corresponding changes to 

the associated DER dynamics model. Per NERC documentation  

• Given the large amount of DER information likely to present in future base case models, it will 
not be feasible for planning engineers to adjust all of the DER dynamics data after DER power 
flow adjustment have been made 

• Power flow and dynamics models should visually flag, and report via the log, parameters that 
are suspected of being out-of-range 

• When DER is modeled as standalone U_DER generator, particular care should be taken to flag 
or otherwise communicate when there is a discrepancy between the power flow and dynamic 
model “MVA base” parameter  

• It may be beneficial to consider automating certain DER dynamics modeling parameter 
adjustments as the DER steady state values are changed (while providing feedback to the user 
that this is occurring) 

https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_DER_A_Parameterization.pdf
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Battery energy storage system modeling  
 
U-DER Energy Storage Models 
Modeling approaches for larger U-DER energy storage resources will depend on recommendations from 
other groups, including the SPIDER modeling group and other industry and regional planning organizations. 
In general, it is recommended that power system software provide the ability to model energy storage 
resources as independent generators (with the ability to output a negative load). 
 
From a power flow perspective, this representation is an acceptable modeling approach. However, in the 
absence of an identifying field, it may make it difficult for planners to observe power system base cases and 
determine which generation resources offer the flexibility of energy storage resources. Therefore, an 
“energy storage” in the “unit type” or “turbine type” field for generators that represent energy storage 
resources is recommended.  
 

 
Figure 14: An example dialog box for generator information. The “Unit Type” parameter designates that this is an 

energy storage resource. [Source: PowerWorld] 
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Additionally, a separate energy storage symbol on the one line diagrams could potentially make the 
distinction between these resources and traditional generators or loads more apparent.  

 

 

Figure 15: An auto-generated one-line diagram of a bus with connected energy storage element. It is not 
apparent from the diagram that the generator is an energy storage resource. [Source: PowerWorld] 

 
R-DER Energy Storage Models 
R-DER energy storage resources represent a difficult modeling challenge that system planners are still in 
the process of grappling with. In general, DER storage devices may be deployed alone along a distribution 
feeder or collocated with generating DER devices on the same feeder. Best practices are still under 
development for tracking energy storage separately on the same feeder, and determining whether the 
energy storage devices should be dispatched in the power flow case. 
 
This guideline recommends that future distributed generator sub-models within the load model provide 
the ability to divide the distributed generation into multiple “turbine types” or “unit types,” in order to 
account for the feeders that contain both energy storage and generating resources. This will allow planners 
to better track which resources should be deployed depending on the scenario. 
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PART III: Seams Between Power System Studies  
The prevalence of DERs will stress the “seams” that exist between various types of power system studies. 
For instance, DER active power injection will affect distribution voltage and current dynamics, while also 
changing power flows at the bulk transmission level. It will be necessary to quantify the impacts that DERs 
have in both distribution and transmission models, either by creating data structures that can be easily 
ported between distribution and transmission software programs, or by developing co-simulation platforms 
that can capture the behavior of the combined systems.  
 
Part III highlights some of the known seams between power system studies, and discusses how both 
interoperability between software programs and development of new co-simulation platforms will aid 
future planning efforts. 
 
Transmission versus Distribution Studies 
For a number of reasons, transmission and distribution planners have traditionally run separate studies for 
their portions of the power system.  
 
Transmission planners deal with a highly interconnected grid, where the magnitude and direction of flow 
over transmission lines can change significantly based on the season and system conditions. They are often 
beholden to numerous federal and state requirements on how the transmission system should be planned. 
NERC Standard TPL-00121 specifies the single- and multiple-element contingencies that must be studied 
using power flow analysis to determine whether specified thermal and voltage criteria are met. Since 
transmission systems are relatively balanced across all three phases, positive-sequence programs that 
ignore phase imbalance are the tool of choice.  
 
The TPL-001 standard also requires that transient stability analysis is used to determine whether the 
transmission system will maintain stability during specified faults and outages. This involves choosing the 
applicable industry-standard mathematical dynamic model for each system component (generator, exciter, 
stabilizer, etc.) and parameterizing it based on testing methods specified in NERC Standards MOD-2522, - 
2623, and -2724. These block diagram models provide the differential equations that drive the transient 

                                                      
21 NERC Standard TPL-001-4 – Transmission System Planning Performance Requirements, NERC. 
22 NERC Standard MOD-25-2 – Verification and Data Reporting of Generator Real and Reactive Power Capability and Synchronous Condenser 
Reactive Power Capability 
23 NERC Standard MOD-26 – Verification of Models and Data for Generator Excitation Control System or Plant Volt/Var Control Functions 
24 NERC Standard MOD-27 – Verification of Models and Data for Turbine/Governor and Load Control or Active Power/Frequency Control 
Functions 

Key Takeaways 
• Distributed generation models should include the ability to separate resources into multiple 

“turbine types” or “unit types” in order to track energy storage resources separately from 
generation resources 

https://www.nerc.com/files/TPL-001-4.pdf
https://www.nerc.com/files/MOD-025-2.pdf
https://www.nerc.com/files/MOD-025-2.pdf
https://www.nerc.com/pa/Stand/Reliability%20Standards/MOD-026-1.pdf
https://www.nerc.com/pa/Stand/Reliability%20Standards/MOD-027-1.pdf
https://www.nerc.com/pa/Stand/Reliability%20Standards/MOD-027-1.pdf
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behavior within dynamic simulations. The same positive-sequence transmission planning models are used 
in transient analysis in order to determine the voltage and current profiles within the network at each 
timestep of the simulation. 
 
In contrast, distribution planners deal with a radial network topology, where phases can no longer be 
assumed to be balanced. Distribution networks also tend to change much more rapidly than transmission, 
with daily reconfiguration not uncommon to mitigate outage impacts or offload customers to other feeders. 
While distribution planners also employ thermal and voltage analysis, it is not typical to study transients at 
the distribution level. Thus, the software tools used by distribution planners can accurately model phase 
imbalance and handle reconfiguration seamlessly; however, these tools typically are less robust at handling 
meshed networks and do not typically provide transient analysis capabilities. 
 

 
Figure 16: Transmission and Distribution System Needs – Drivers for Coordination 

[Source: Adapted from EPRI] 
 
As described throughout this white paper, DERs are blurring the lines between transmission and distribution 
analysis, requiring a shift in how the power system is planned. The dynamics of distribution system 
operation, now more than ever, have to be carefully considered within the context of their impacts to bulk 
system reliability. 
 
Tools such as the DER_A model provide a positive-sequence approximation of DER tripping behavior. This 
is a useful model for describing aggregate DER behavior. As DERs proliferate, further tools will be required 
to provide higher-fidelity models that accurately capture the minutia of distribution operations. Table 1 
below lists several types of planning studies that must consider both transmission and distribution impacts. 
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Table 1.1: Overlapping Transmission and Distribution Planning Studies Related to DERs 
Focus of Study Distribution Impacts Bulk System Impacts 

Steady-state 
injection of DER real 
and reactive power 

Voltage rise/drop concerns 
 
Developing data management strategies to 
separate net and gross system load 
 
Feeder and service transformer upgrades 
may be required 

Large-scale changes to bulk system power 
flow that may defy traditionally observed 
patterns 

DER trip settings 

Coordination with other protection devices 
on the feeder 
 
Preventing DER energization of feeders 
during maintenance/outage work 
 
Adherence to applicable standards such as 
IEEE 1547-2018 

Tripping behavior of DERs during faulted 
system conditions affects transient stability 
analysis 

Distribution 
Automation and 
Recloser Operation 

Coordination with downstream protection 
devices 
 
Continuity of electrical service for impacted 
customers 

Distribution automation dynamics may alter 
distributed generator output and load 
profiles, in turn affecting bulk system 
transient stability analysis 

Under-frequency and 
Under-voltage load 
shed schemes25 

Excluding critical loads from UFLS/UVLS 
enabled feeders 

Determining an adequate amount of load 
shed in order to maintain system voltage and 
frequency stability while accounting for 
distributed generation losses at UFLS/UVLS 
enabled feeders 

 
The studies listed in Table 1.1 may be difficult to analyze with a single software tool. Planners will 
increasingly rely on collaboration between existing tools, for instance, running full three-phase unbalanced 
analysis on a distribution platform, and then importing the salient information from the distribution system 
into a transmission planning tool. In In this environment, the more that separate industry tools can “talk” 
amongst each other, the better off the resulting studies will be.  
 
Furthermore, there is increasing interest in the development of new software platforms that can model 
both distribution and transmission systems on one unified software setting. Such tools would provide 
planners with comprehensive tools to describe the full behavior of the system, although most appear to be 

                                                      
25 NERC Reliability Guideline – Recommended Approaches for Developing Underfrequency Load Shedding Programs 
With Increasing DER Penetration. System Planning Impacts of Distributed Energy Resources Working Group. 
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in the earlier development stages. For a full discussion of Transmission and Distribution co-simulation tools 
and techniques, refer to the NERC White Paper “Beyond Positive Sequence.”26 

 
 
Positive-Sequence Power Flow versus Electromagnetic Transient Studies 
DERs, and inverter based resources in general, are also stressing the need for increased use of 
electromagnetic transient (EMT) analysis in planning studies. Fast timescale interactions between power 
electronics, switching devices, and electromechanical generator elements drive transients that 
positive-sequence software cannot accurately capture. 
 
Engineers are increasingly relying on both positive-sequence and full EMT analysis when performing 
planning studies, with data from one platform often having to be reproduced in the other. It would greatly 
aid planners if this data exchange was ironed out. For instance, it should be possible identify a portion of 
the transmission system in a positive-sequence environment, and create a corresponding transmission 
model in an EMT environment, while automatically calculating the Thevenin-equivalent parameters at the 
boundaries of the system, and auto-populating the initial power flow in the EMT simulation. Such 
integration provides planners with a faster and more accessible way to run EMT and positive-sequence 
studies. 
 

 
  

                                                      
26 NERC White Paper – Beyond Positive Sequence. System Planning Impacts of Distributed Energy Resources Working Group. (Working 
document). 

Key Takeaways 
• Providing the ability to import data between transmission and distribution software tools will 

be increasingly important to power system planners  

• Co-simulation tools are in development. NERC SPIDER working group stresses that these tools 
will fulfill a critical role in future planning studies. The NERC White Paper “Beyond Positive 
Sequence” provides a deeper inspection of this topic 

Key Takeaways 
• Planning engineers use electromagnetic transient analysis now more than ever, but it is not 

always a smooth process to import load flow and transmission modeling data from 
positive-sequence programs into EMT tools. It would be helpful if a portion of the transmission 
system could be identified in positive-sequence software, and the information on Thevenin-
equivalent boundaries of the selected system, as well as the initialized power flow 
information, could be easily imported into an EMT environment 
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Disclaimer: This document is intended to be a resource for software vendors to help guide the next 
generation of software tools and techniques that will aid power system planners as they contend with 
increased proliferation of distributed energy resources. This document is not intended to be an endorsement 
of any particular software platform, nor as a critique of the existing capabilities of any software program. 
Screenshots of various software tools appear in the document only as a means of offering further clarity on 
the topic at hand. 
 
Purpose 
The NERC System Planning Impacts of Distributed Energy Resources (SPIDER) working group has developed 
a number of guidelines and studies relating to distributed energy resource (DER) integration. Tracking DERs 
will add significant level of complexity to the planning process, stressing data fidelity, modeling accuracy, 
and computational limitations. This document provides a distilled version of the NERC SPIDER working 
group recommendations that may be pertinent to power system software developers, and outlines some 
of the related literature that may aid in developing further software improvements and techniques.  
 
This finalized document is a product of a multi-part collaborative effort. These recommendations were 
developed based on feedback from a range of industry participants (see Contributors section for full list) 
representing utilities, ISOs, consultants, and OEMs. The initial recommendations were subsequently taken 
to software vendors for further input and revision. The full SPIDER working group then reviewed and 
provided additional comments and feedback.  
This document provides a distilled version of the NERC SPIDER working group recommendations that may 
be pertinent to power system software developers, and outlines some of the related literature that may 
aid in developing further software improvements and techniques. 
 
The white paper is broken down into three sections. Part I provides an overview of SPIDER working group 
efforts to quantify and qualify the manner in which DERs are changing the system planning process. This 
section also provides a review of related literature from government, industry, academic sources. Part II 
identifies a number of issues related to the representation of DERs in power system planning models that 
may strain the existing capabilities of power system software. Part III discusses the seams that exist 
between typical power system planning analysis (transmission versus distribution studies, positive-
sequence load flow versus electromagnetic transient analysis, etc.), and how DERs may necessitate new 
software solutions that stitch these seams together.  
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PART I: Overview of NERC SPIDERWG and Related Efforts 
When distributed energy resources (DERs) were introduced on the power system, they were initially viewed 
as a distribution system concern only. DER interconnection requirements such as IEEE 1547-2003 tended 
to recommend immediate tripping for DERs during abnormal system conditions, in order to protect utility 
workers and avoid unexpected distribution system voltage dynamics. 
 
However, the profusion of DER throughout the power system has led planning engineers to reconsider the 
bulk system impacts of these devices. Recent events have highlighted the effects that a large amount of 
inverter-based resources can have on the transmission system. For instance, the Blue Cut Fire incident in 
2016 involved the loss of roughly 1200 MW of solar generation during in Southern California due to a fault 
on a nearby transmission line. This sudden drop in generation was not anticipated by operators at the time, 
and emphasized the need for better system visibility in both the planning and operations horizon. 
 

 
Figure 1 – Utility Scale Solar PV Output in SCE Footprint on August 16, 20161 

While the reduction in generation during the Blue Cut Fire was primarily driven by utility-scale solar, this 
incident highlights the concerns that system planners have as DERs continue to proliferate. If a large number 
of DERs were to trip off simultaneously during a fault or other abnormal system condition, it could trigger 
transient instability, inadequate contingency reserves, unanticipated thermal overloads, and potential 
voltage collapse.  
 
Even without tripping, DERs will cause significant change to system-wide power flows (both in magnitude 
and direction), rising feeder voltage profiles, and potential reduction in the effectiveness of underfrequency 
and undervoltage load shed schemes, to name a few issues. It is therefore imperative that system planning 
engineers have the visibility, via accurate and up to date models, to adequately catalog the distributed 
energy resources deployed on their systems. 

                                                      
1 1200 MW Fault Induced Solar Photovoltaic Resource Interruption Final.pdf 
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Figure 2 –DER deployment continues to outpace projections in many areas. Shown above are ISO-NE distributed 

solar PV annual forecasts. [Source: ISO-NE]2 

The NERC System Planning Impacts from Distributed Energy Resources (SPIDER) working group was created 
to address aspects of these key points of interest related to system planning, modeling, and reliability 
impacts to the Bulk Power System (BPS). It builds on related work from the NERC Inverter-based Resource 
Task Force3 and the NERC Distributed Energy Resource Task Force.4 
 
The NERC SPIDER working group has authored a number of documents related to system planning impacts 
of DERs. A few which may be of interest to power system software vendors include: 

• NERC System Planning Impacts from Distributed Energy Resources Working Group – Scope 
Document5 - Provides an overview of the purpose, activities, and deliverables of the SPIDER working 
group 

• NERC Reliability Guideline – Bulk Power System Reliability Perspectives on the Adoption of IEEE 
1547-20186 – Discusses how the inverter trip settings and reactive power control modalities 
described in IEEE Standard 1547-2018 are expected to impact the bulk electrical system 

                                                      
2 https://www.iso-ne.com/static-assets/documents/2019/04/final-2019-pv-forecast.pdf 
3 Summary of IBRTF Activities 
4 NERC DERTF Final Report 
5https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/SPIDERWG_Scope_Document
_-_2018-12-12.pdf 
6 https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_IEEE_1547-2018_BPS_Perspectives.pdf 
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• NERC White Paper – Assessment of DER impacts on NERC Reliability Standard TPL-0017 - The NERC 
Reliability Standard TPL-001 specifies how transmission planners evaluate the performance of the 
transmission system, including the types of studies that are considered (steady-state load flow, 
PV/QV, transient stability) and the acceptable criteria for each of the studies. This NERC White Paper 
provides a context for how the proliferation of DERs may affect transmission studies going forward, 
and provides guidance on potential touchpoints involving DERs and the TPL-001 document. 

• NERC Reliability Guideline – DER Data Collection for Modeling in Transmission Planning Studies8 - 
Provides guidance when conducting NERC Reliability Standard MOD-32 data collection efforts 
involving DERs 

• NERC Reliability Guideline - Bulk Power System Planning under Increasing Penetration of 
Distributed Energy Resources9 - A reference for planning engineers that includes a range of example 
studies incorporating DERs, as well as suggested best practices for accounting for DERs in various 
system planning efforts 

• NERC SPIDER WG Terms and Definitions Working Document10 – Useful resource for terms and 
definitions contained herein as well as in related SPIDER working group documents  

                                                      
7 (In development)Available here: 
https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/SPIDERWG_White_Paper_TPL-
001_Assessment_and_DER.pdf  
8 (In development)Available here: 
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_Data_Collection_for_Modeling.pdf  
9 (In development)This document is still currently under development by the SPIDERWG and is reflected in the SPDIERWG work plan, which is 
available here: https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Work%20Plan.pdf  
10 (In development)Latest version available here: 
https://www.nerc.com/comm/RSTC/SPIDERWG/SPIDERWG%20Terms%20and%20Definitions%20Working%20Document.pdf  
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PART II: DER Impacts on Power System Software Tools 
Continued proliferation of DERs is expected to cause a number of impacts to the BES.11,12,13 Future power 
system studies will require software tools that can track a large number of distributed resources (typically 
aggregated up to the feeder or substation bus level), while providing the ability to both observe and adjust 
the output of these resources globally. At the same time, the addition of new DER tracking capabilities will 
need to be balanced against the increase in complexity for the user and data fidelity requirements that they 
will cause. 
 
The recommendations in this section relate to how best to account for DERs in transmission system base 
case models. Given the sheer size of BES base case planning studies (often >10,000 load serving nodes), it 
will be crucial that power system software can programmatically handle a large number of DER models 
while simultaneously presenting information on overall DER behavior to the user in a comprehensible 
format. 
 
Organizing DER information in load flow models 
 
Tracking distributed generation is becoming an increasingly important component of the base case building 
process and general transmission planning analysis. Future planning scenarios are likely to include large 
amounts of DER that will significantly affect the power flow of the transmission network, and it will be 
critical for planners to have easily accessible information on the amount of dispatched DER in a particular 
case. 
 
Previous Guidance 
The NERC Reliability Guideline: Modeling Distributed Energy Resources in Dynamic Load Models14 
provides guidance for modeling DER. Two points of the guideline are emphasized here: 
The guide delineates between two types of DER representations, referred to as U-DER and R-DER. U_DER 
and R_DER.  
• To generalize, U_DER represents utility-scale resources above a specific MW threshold (usually 
located near the substation), while R_DER represents an aggregation of smaller, often behind-the-meter 
resources dispersed across one or more feeders. 

• Two of the three following quantities should be accounted for in transmission planning base case 
load models: gross load, net load, and DER generation, with the third component being 
automatically calculated from the other two. 

 

                                                      
11 Planning Hawai’i’s Grid for Future Generations – Integrated Grid Planning Report 
https://www.hawaiianelectric.com/documents/clean_energy_hawaii/integrated_grid_planning/20180301_IGP_final_report.pdf 
12 Coordination of Transmission and Distribution Operations in a High Distributed Energy Resource Electric Grid 
https://www.caiso.com/Documents/MoreThanSmartReport-CoordinatingTransmission_DistributionGridOperations.pdf 
13 Impact of Distributed Energy Resources on the Bulk Electric System Combined Modeling of Transmission and Distribution Systems and 
Benchmark Case Studies https://www.osti.gov/biblio/1433502-impact-distributed-energy-resources-bulk-electric-system-combined-
modeling-transmission-distribution-systems-benchmark-case-studies 
14https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_Modeling_DER_in_Dynamic_Load_Models_-
_FINAL.pdf 
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Per the modeling guideline, U_DER is modeled as a discrete generator model. As such, information about 
these resources can be tracked within the existing generator modeling framework available in load flow 
software. 
 

 
Figure 3: The U_DER and R_DER model representation 

 
However, it is not feasible to include information on every individual DER dispersed across a distribution 
feeder in a transmission planning base case model. As such, the R_DER representation is used to aggregate 
a group of DER in an effort to approximate the combined behavior of these resources. 
 
Tracking Distributed Generation Output 
As originally discussed in the NERC Reliability Guideline: Distributed Energy Resource Modeling15, it is 
recommended that Distributed Generation fields be provided within power flow software load models, and 
that the Distributed Generation dispatch be sortable by Area, Zone, Owner, and related fields. An example 
of R_DER data accounting in PowerWorld (Version 21) is shown in Figure 3, Figure 4, and Figure 5, while 
Figure 6 and Figure 7 demonstrate DER tracking in the PSS/E environment (v34.6).  

                                                      
15https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-
_FINAL.pdf 

https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-_FINAL.pdf
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-_FINAL.pdf
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Figure 4: Load model dialog with Distributed Generation section [Source: PowerWorld] 

 

 
Figure 5: DER deployment listed by area [Source: PowerWorld] 

 

 
Figure 6: DER deployment listed by owner [Source: PowerWorld] 
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Figure 7: DER deployment listed by bus [Source: Siemens PSS/E version 34.6] 

 

 
Figure 8: Data Record for DER [Source: Siemens PSS/E version 34.6] 
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Reactive power capabilities of DER 
Behind-the-meter DER in power flow are modeled as a part of load with active and reactive power. 
Currently, limits on the upper and lower bounds on DER reactive capability (here denoted Qmin and Qmax) 
are not typically available in positive-sequence software.  
 
The increasing penetration of inverter-based resources in the generation mix will in turn spur increased 
participation in voltage control and reactive power injection from these same inverters. Increased use of 
volt-var support and other voltage control methods may eventually lead to a need to model the available 
reactive power of a set of distributed resources. Many jurisdictions have begun to require fixed power 
factor for DER resources as well. It is recommended that software vendors be aware of the implications of 
DER-supplied reactive power and consider how best to model any reactive power limitations. 
Behind-the-meter DER in power flow are modeled as a part of load with active and reactive power. 
Currently, limits on the upper and lower bounds on DER reactive capability (here denoted Qmin and Qmax) 
are not typically available in positive-sequence software.  
 
The increasing penetration of inverter-based resources in the generation mix will in turn spur increased 
participation in voltage control and reactive power injection from these same inverters. Increased use of 
volt-var support and other voltage control methods may eventually lead to a need to model the available 
reactive power of a set of distributed resources. It is recommended that software vendors be aware of the 
implications of DER-supplied reactive power and consider how best to model any reactive power 
limitations. 
 
Data Tracking Implications of FERC Order 2222 
In September 2020, the Federal Energy Regulatory Commission (FERC) adopted Order No. 2222 - 
Participation of Distributed Energy Resource Aggregations in Markets Operated by Regional Transmission 
Organizations and Independent System Operators. Order No. 2222 directs RTOs/ISOs to submit tariff 
revisions that open wholesale electricity markets to DER aggregations, specifically requiring them to allow 
distributed energy resource aggregations to participate directly in the organized wholesale electric markets. 
 
According to Order 2222: 
 
Paragraph 294. “…this final rule in no way prevents state and local regulators from amending their 
interconnection processes to address potential distribution system impacts that the participation of 
distributed energy resources through distributed energy resource aggregations may cause. In addition, 
coordination between RTOs/ISOs, distributed energy resource aggregators, relevant electric retail 
regulatory authorities, and distribution utilities during the registration and distribution utility review 
processes should provide RTOs/ISOs with the information they need to study the impact of distributed 
energy resource aggregations on the transmission system.” 
 
The implications of FERC Order 2222 are still being established within ISO/RTO environments. It is 
recommended that software vendors stay abreast of the topic and be prepared to support planning 
engineers with future tools that describe the behavior of DER Aggregators once their behavior is better 
understood.  
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Organizing DER dynamics modeling data 
A number of dynamics models such as REGC_A, REEC_A REPC_A, and PVD116 are available to capture the 
dynamic behavior of DERs.17 This guide recommends that power system software supports the recently 
designed DER_A model for DER dynamic behavior. 
 
In dynamic simulation, the DER_A model provides a number of modeling capabilities18: 

• Multiple control modalities, including constant power factor and constant reactive power control 

• Active power-frequency control with droop and asymmetric deadband 

• Voltage control with proportional control and asymmetric deadband 

• Fraction of resources tripping or entering momentary cessation at low and high voltage, includes a 
timer feature 

• Fraction of resources restoring output following a low or high voltage or frequency condition 

• Active power ramp rate limits during return to service after trip or enter service following a fault 
or during frequency response 

• Active-reactive current priority options 

                                                      
16 The REEC_B model is no longer recommended as a model for dynamic simulations, as it does not capture the momentary cessation 
behavior of inverter-based resources. For more information, see 
https://www.wecc.org/Reliability/Converting%20REEC_B%20to%20REEC_A%20for%20Solar%20PV%20Generators.pdf 
17https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_-_DER_Modeling_Parameters_-_2017-08-18_-
_FINAL.pdf 
18https://www.nerc.com/comm/PC/System%20Planning%20Impacts%20from%20Distributed%20Energy%20Re/Modeling-
DER_Modeling_Guideline_IG.pdf 

Key Takeaways 
• Smaller aggregations of DER dispersed across a feeder (denoted R_DER) should be accounted 

for using the Distributed Generation MW and MVAR fields in power flow load models, in order 
to separate these resources from gross load. 

• Load values in tables, reports, and GUI’s should always be labeled as Net or Gross. 

• Information on the total Distributed Generation MW and MVAR for a particular Area, Zone, 
Owner, etc. should be made available within the power flow software structure. 

• It is recommended that software vendors be aware of the implications of DER-provided 
reactive power and consider how best to model any reactive power limitations. 

• Vendors should stay abreast of developments surrounding FERC Order 2222 and be prepared 
to support planning engineers with future tools that describe the behavior of DER Aggregators, 
once the behavior of these resources is better understood. 
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• Capability to represent generating or energy storage resources. Thus DER MW values in power 
flow data should be allowed to be negative for storage. 

The DER_A model should be usable as part of the composite load model or as a standalone model.  
 
Regardless of the DER dynamics model used, the ability to conduct transient simulations of DER behavior 
will be increasingly important as the power system transitions to greater reliance on these resources. Some 
desired features of dynamic DER data tracking include: 

1. Tabular organization of post-contingency DER model states and statuses. For instance, PSLF provides 
the statuses of DER following dynamic simulation, which can be tracked with the output table view 
as shown in Figure 9. The difference between the initial and final values of each DER listed in the 
table provides information about the tripping actions of DER following an event.  

 

 
Figure 9: DER_A dynamic model post-simulation state values, listed for a number of Composite Load Models 

[Source: GE PSLF] 

2. It is suggested that the same variables that track the behavior of DER (such as MW output, MVAR 
output, and tripping characteristics) be accessible in the plotting tools associated with transient 
stability software. Being able to quickly assess, for example, the percentage of DER that tripped in a 
specified Area following a system disturbance would aid in power system dynamic analysis. 

3. In some transient stability programs, when the results of transient stability are reviewed and 
plotted, there is no option to see and to plot the gross load, only the net load. Because of this, plots 
of load may look somewhat counter-intuitive, for example, load sharply increases with reduction in 
voltage, which is actually occurring because of the behind-the-meter DER trip. It would be useful to 
have an option to plot gross load as well as net load.  

4. There is interest from planning engineers in being able to take information on DER (for instance, 
determining percentage of DER that tripped at each model) from the final system state in transient 
stability runs and import this information back into the power flow case in order to study the 
post-contingency power dispatch. While it is understood that importing all of the information in the 
dynamic simulation back into the power flow may not be possible (for instance, if the system 
frequency was off nominal in the dynamic simulation, this would alter many of the resulting 
impedances in the steady state simulation), importing DER-specific information would be useful for 
studying certain situations, such as assessing post-contingency behavior of the system for thermal 
limit monitoring and PV/QV analysis. 

5. Relatedly, it would be helpful to provide the functionality to import recorded transient DER behavior 
into the post-contingency aggregate DER active and reactive power output at each load element 
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back into the load flow case. For example, if a transmission fault causes 5 MW of DER generation to 
trip off at a particular bus, it would be helpful to generate a script file that could be applied to the 
steady-state case that described this resulting 5 MW change in distributed generation at this bus. 

5.6. The above recommendations are likely to impact the computation burden required to run 
transient stability studies, especially when considering a variety of outage permutations. It is 
recommended that software vendors continue to be cognizant of computational time required for 
dynamic runs, even as DERs increase modeling complexity 

 

  

Key Takeaways 
• The DER_A model is recommended for use in dynamics studies to quantify the behavior of 

DER. The model should be supported in power flow software, both as a standalone model and 
as a component of the Composite Load Model 

• Post-contingency information on the behavior of the DERs, including the fraction of generation 
that tripped and was restored, should be made available in a tabular format 

• Plotting tools associated with dynamic simulations should provide accessible ways to display 
DER behavior, both at individual buses and in aggregate (by Owner, Area, Zone, etc.) 

• Plotting tools should also provide the ability to view both gross load and net load values 

• The ability to import DER tripping behavior from dynamic simulation back into the power flow 
model would be useful 

• It is recommended that software vendors continue to be cognizant of computational time 
required for dynamic runs, even as DERs increase modeling complexity 
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Off-Peak Dispatch of Solar DER 
 
Power Flow Modeling 
In transmission planning base case models, all generators have a specified Pmax that designates the 
maximum output of the facility, regardless of season or time of day, i.e. the rated nameplate capacity of 
the facility. Some distributed generation, especially photovoltaic (PV) solar generation, will have a range of 
active power output values that will be at or below this Pmax level, depending on the season and time of 
day. For instance, a PV resource with a peak capacity of 1 kW at noon in the summer may only be generating 
0.5 kW at 4pm in the fall.  
 
The base case building process is moving towards a paradigm in which the specified time of day will have a 
large impact on the generation dispatch profile. In the future, a Heavy Summer case at noon may look very 
different than a Heavy Summer case at 7pm, given the large change in solar generation (both DER and 
utility-scale) between these two times. 
 
In order to provide the ability to adjust DER output to off-peak values, power flow software will need to 
maintain minimum and maximum active power output capability for each DER model. As shown in Figure 4, 
PowerWorld provides an example of these parameters, by tracking the ‘Min MW’ and ‘Max MW’ value 
within the Distributed Generation section of the load model dialog. These minimum and maximum values 
enforce limitations on the active power output of the specified DER. 
 

 
Figure 10: Distributed Generation maximum and minimum active power limit fields [Source: PowerWorld] 

 
Furthermore, it will be useful to determine an aggregate “headroom” between the dispatched active power 
of a group of DER, and the total possible active power generation of this group. For instance, the 
PowerWorld ‘Loads’ tab displays a ‘Dist MW Input’ and ‘Dist MW Max’ value for each load (see Figure 10). 
However, in aggregation tabs such as ‘Areas,’ it is not possible to view the total ‘Dist MW Max’ across all 
DER by Area. This functionality would allow planners to quickly view how much of the potential DER active 
power is currently dispatched in a case. 
 



 

 Recommendations for Simulation Improvement and Techniques Related to DER Planning 15 

Adding the ability to adjust the ratio of DER active power that is dispatched in a case would also be helpful. 
This could involve a controllable variable that represented the ratio of dispatched DER active power to total 
available DER active power. Since the DER dispatch may vary across geographic regions or in particular 
regulatory environments as well, providing the ability to adjust this ratio by Area, Zone, Owner, etc. would 
also be useful. 
 
However, care must be taken when adjusting DER active power output globally. Non-PV DER, such as 
distributed wind, may have active power outputs that should not be adjusted based on the time of day. In 
this case, it might be necessary to track PV DER separately from non-PV DER, and only adjust the PV DER 
active generation setpoints. Utilities and software vendors should collaborate to establish the appropriate 
parameters for the provision of this functionality.It will be up to software vendors to determine how best 
to provide this functionality. 
 

 
 
Transient Modeling 
When adjustments are made to DER active power setpoints, they may require corresponding changes to 
the DER dynamic modeling parameters. For instance, the NERC Modeling Notification “Dispatching DER 
Off of Maximum Power during Study Case Creation”19 describes how to set parameters of the DER_A 
model (specifically Freq_flag, Ddn, and Dup) in cases where DER is dispatched at off-peak output levels.  
 
A major concern is the possible disconnect between the power flow and dynamic models, since modeling 
maintenance or updates might not occur if data needs to be updated in both the power flow model and 
the dynamic model. For many planners, tracking and changing dynamic model parameters in each 
scenario is more challenging than changing power flow data.  
 
This is especially true when an engineer has to adjust a large set of data for individual models, and may not 
provide transparency across utilities detailing under what scenario their DER can be dispatchable or not. In 
                                                      
19 NERC, “Dispatching DER Off of Maximum Power during Study Case Creation.” (Initial Distribution) 

Key Takeaways 
• Power flow software should provide minimum and maximum active power generation fields 

within DER models that enforce limits on the active power output of DER devices 

• The combined active power setpoints and the combined maximum active power of all DER in a 
particular Area, Zone, etc. should be easily viewable in a tabular format, in order to provide a 
measure of “headroom” between existing DER dispatch and maximum potential dispatch 

• Functionality should be added to power flow software to easily adjust the ratio of dispatched 
DER active power to total available DER active power. This functionality should be available to 
apply to the entire base case, or a particular Area, Zone, Owner, etc.  

• Care must be taken when providing global DER adjustments, as it may not be appropriate to 
adjust non-PV DER.  

Commented [A14]: Incorporating comments from Greg Ford 
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general, planners adjust their own DER model parameters but are hesitant to make changes to neighboring 
systems. 
 
One way to prevent these issues would be to flag dynamics data that does not agree with steady state 
parameters. As an example, PSS/E automatically highlights some of the parameters that are outside typical 
ranges in both power flow and dynamic cases for conventional power system elements. It would be helpful 
if such capability can be added for DER modeling. 
 
For example (see Figure 11) the Vmax and Vmin fields are highlighted by PSS/E in the power flow. This is due 
to the fact their values are greater than 1.5 per unit (default maximum number). There is also a warning 
message when loading the power flow case, as shown in Figure 12. 
 

 
Figure 11: Potential out-of-range parameters are highlighted as a warning to the user [Source: Siemens PSS/E] 
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Figure 12: The log provides the user with feedback on potential out-of-range parameters [Source: Siemens PSS/E] 

Similar capability exists when working with dynamic models. Figure 13 shows an example of the EXST1 
model with parameters outside typical ranges being highlighted. 

 
Figure 13: Dynamics modeling parameters flagged for potential out-of-range data [Source: Siemens PSS/E] 

 
The most likely parameter to be misaligned between power flow and dynamic studies is the DER MVA base 
value (for DER modeled as standalone U_DER generators). It will be particularly important to flag when 
there is a discrepancy between this value in the power flow and dynamic models. 
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Another potential solution to this issue may be to automatically adjust certain dynamic modeling 
parameters as the steady state values are changed. For any automated adjustments, the user should be 
made aware via the program log that a change to the data has been conducted. 
 
Automating such a process requires a detailed understanding of the DER dynamics models and how they 
should be parameterized. Sources such as the NERC Modeling Notification “Dispatching DER Off of 
Maximum Power during Study Case Creation” and NERC Reliability Guideline “Parameterizing the DER_A 
Model”20 provide information to planning engineers regarding how best to determine the DER_A 
parameters. These references may also be of interest to power system software vendors to provide 
guidance on automatically adjusting certain DER_A dynamic model parameters in order to match 
steady-state DER dispatch modeling data. 

 
 
  

                                                      
20 https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_DER_A_Parameterization.pdf 

Key Takeaways 
• Adjustments to certain DER power flow parameters will necessitate corresponding changes to 

the associated DER dynamics model. Per NERC documentation  

• Given the large amount of DER information likely to present in future base case models, it will 
not be feasible for planning engineers to adjust all of the DER dynamics data after DER power 
flow adjustment have been made 

• Power flow and dynamics models should visually flag, and report via the log, parameters that 
are suspected of being out-of-range 

• When DER is modeled as standalone U_DER generator, particular care should be taken to flag 
or otherwise communicate when there is a discrepancy between the power flow and dynamic 
model “MVA base” parameter  

• It may be beneficial to consider automating certain DER dynamics modeling parameter 
adjustments as the DER steady state values are changed (while providing feedback to the user 
that this is occurring) 

https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_DER_A_Parameterization.pdf
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Battery energy storage system modeling  
 
U-DER Energy Storage Models 
Modeling approaches for larger U-DER energy storage resources will depend on recommendations from 
other groups, including the SPIDER modeling group and other industry and regional planning organizations. 
In general, it is recommended that power system software provide the ability to model energy storage 
resources as independent generators (with the ability to output a negative load). 
 
From a power flow perspective, this representation is an acceptable modeling approach. However, in the 
absence of an identifying field, it may make it difficult for planners to observe power system base cases and 
determine which generation resources offer the flexibility of energy storage resources. Therefore, an 
“energy storage” in the “unit type” or “turbine type” field for generators that represent energy storage 
resources is recommended.  
 

 
Figure 14: An example dialog box for generator information. The “Unit Type” parameter designates that this is an 

energy storage resource. [Source: PowerWorld] 
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Additionally, a separate energy storage symbol on the one line diagrams could potentially make the 
distinction between these resources and traditional generators or loads more apparent.  

 

 

Figure 15: An auto-generated one-line diagram of a bus with connected energy storage element. It is not 
apparent from the diagram that the generator is an energy storage resource. [Source: PowerWorld] 

 
R-DER Energy Storage Models 
R-DER energy storage resources represent a difficult modeling challenge that system planners are still in 
the process of grappling with. In general, DER storage devices may be deployed alone along a distribution 
feeder or collocated with generating DER devices on the same feeder. Best practices are still under 
development for tracking energy storage separately on the same feeder, and determining whether the 
energy storage devices should be dispatched in the power flow case. 
 
This guideline recommends that future distributed generator sub-models within the load model provide 
the ability to divide the distributed generation into multiple “turbine types” or “unit types,” in order to 
account for the feeders that contain both energy storage and generating resources. This will allow planners 
to better track which resources should be deployed depending on the scenario. 
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PART III: Seams Between Power System Studies  
The prevalence of DERs will stress the “seams” that exist between various types of power system studies. 
For instance, DER active power injection will affect distribution voltage and current dynamics, while also 
changing power flows at the bulk transmission level. It will be necessary to quantify the impacts that DERs 
have in both distribution and transmission models, either by creating data structures that can be easily 
ported between distribution and transmission software programs, or by developing co-simulation platforms 
that can capture the behavior of the combined systems.  
 
Part III highlights some of the known seams between power system studies, and discusses how both 
interoperability between software programs and development of new co-simulation platforms will aid 
future planning efforts. 
 
Transmission versus Distribution Studies 
For a number of reasons, transmission and distribution planners have traditionally run separate studies for 
their portions of the power system.  
 
Transmission planners deal with a highly interconnected grid, where the magnitude and direction of flow 
over transmission lines can change significantly based on the season and system conditions. They are often 
beholden to numerous federal and state requirements on how the transmission system should be planned. 
NERC Standard TPL-00121 specifies the single- and multiple-element contingencies that must be studied 
using power flow analysis to determine whether specified thermal and voltage criteria are met. Since 
transmission systems are relatively balanced across all three phases, positive-sequence programs that 
ignore phase imbalance are the tool of choice.  
 
The TPL-001 standard also requires that transient stability analysis is used to determine whether the 
transmission system will maintain stability during specified faults and outages. This involves choosing the 
applicable industry-standard mathematical dynamic model for each system component (generator, exciter, 
stabilizer, etc.) and parameterizing it based on testing methods specified in NERC Standards MOD-2522, - 
2623, and -2724. These block diagram models provide the differential equations that drive the transient 

                                                      
21 NERC Standard TPL-001-4 – Transmission System Planning Performance Requirements, NERC. 
22 NERC Standard MOD-25-2 – Verification and Data Reporting of Generator Real and Reactive Power Capability and Synchronous Condenser 
Reactive Power Capability 
23 NERC Standard MOD-26 – Verification of Models and Data for Generator Excitation Control System or Plant Volt/Var Control Functions 
24 NERC Standard MOD-27 – Verification of Models and Data for Turbine/Governor and Load Control or Active Power/Frequency Control 
Functions 

Key Takeaways 
• Distributed generation models should include the ability to separate resources into multiple 

“turbine types” or “unit types” in order to track energy storage resources separately from 
generation resources 

https://www.nerc.com/files/TPL-001-4.pdf
https://www.nerc.com/files/MOD-025-2.pdf
https://www.nerc.com/files/MOD-025-2.pdf
https://www.nerc.com/pa/Stand/Reliability%20Standards/MOD-026-1.pdf
https://www.nerc.com/pa/Stand/Reliability%20Standards/MOD-027-1.pdf
https://www.nerc.com/pa/Stand/Reliability%20Standards/MOD-027-1.pdf
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behavior within dynamic simulations. The same positive-sequence transmission planning models are used 
in transient analysis in order to determine the voltage and current profiles within the network at each 
timestep of the simulation. 
 
In contrast, distribution planners deal with a radial network topology, where phases can no longer be 
assumed to be balanced. Distribution networks also tend to change much more rapidly than transmission, 
with daily reconfiguration not uncommon to mitigate outage impacts or offload customers to other feeders. 
While distribution planners also employ thermal and voltage analysis, it is not typical to study transients at 
the distribution level. Thus, the software tools used by distribution planners can accurately model phase 
imbalance and handle reconfiguration seamlessly; however, these tools typically are less robust at handling 
meshed networks and do not typically provide transient analysis capabilities. 
 

 
Figure 16: Transmission and Distribution System Needs – Drivers for Coordination 

[Source: Adapted from EPRI] 
 
As described throughout this white paper, DERs are blurring the lines between transmission and distribution 
analysis, requiring a shift in how the power system is planned. The dynamics of distribution system 
operation, now more than ever, have to be carefully considered within the context of their impacts to bulk 
system reliability. 
 
Tools such as the DER_A model provide a positive-sequence approximation of DER tripping behavior. This 
is a useful model for describing aggregate DER behavior. As DERs proliferate, further tools will be required 
to provide higher-fidelity models that accurately capture the minutia of distribution operations. Table 1 
below lists several types of planning studies that must consider both transmission and distribution impacts. 
 
  

Commented [A15]: Probably more accurate to say that phases 
cannot be assumed to be balanced.  

Commented [A16R15]: Agreed, revised 

Commented [A17]: Comment from David Jacobson: “I 
understand the distribution system needs short trip times because 
they are typically long. Does the BPS need long trip times? What 
does reactive power demands refer to on the BPS? Do you mean 
reactive power support?” 

Commented [A18R17]: System protection setting requires a 
layered and balanced approach. In general, while power system 
operators want faults to clear quickly, they also do not want 
spurious trips to occur, or upstream protection to react premature 
to downstream. 
 
Reactive power demands refer to necessary reactive power 
injections (for instance, from series caps) at certain points on the 
transmission system. 
 
Since this is originally an EPRI figure, the S3 authors do not wish to 
adjust it. 
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Table 1.1: Overlapping Transmission and Distribution Planning Studies Related to DERs 
Focus of Study Distribution Impacts Bulk System Impacts 

Steady-state 
injection of DER real 
and reactive power 

Voltage rise/droop concerns 
 
Developing data management metering 
strategies to separate net and gross system 
load 
 
Feeder and service transformer upgrades 
may be required 

Large-scale changes to bulk system power 
flow that may defy traditionally observed 
patterns 

DER trip settings 

Coordination with other protection devices 
on the feeder 
 
Preventing DER energization of feeders 
during maintenance/outage work 
 
Adherence to applicable standards such as 
IEEE 1547-2018 

Tripping behavior of DERs during faulted 
system conditions affects transient stability 
analysis 

Distribution 
Automation and 
Recloser Operation 

Coordination with downstream protection 
devices 
 
Continuity of electrical service for impacted 
customers 

Distribution automation dynamics may alter 
distributed generator output and load 
profiles, in turn affecting bulk system 
transient stability analysis 

Under-frequency and 
Under-voltage load 
shed schemes25 

Excluding critical loads from UFLS/UVLS 
enabled feeders 

Determining an adequate amount of load 
shed in order to maintain system voltage and 
frequency stability while accounting for 
distributed generation losses at UFLS/UVLS 
enabled feeders 

 
The studies listed in Table 1.1 may be difficult to analyze with a single software tool. Planners will 
increasingly rely on collaboration between existing tools, for instance, running full three-phase unbalanced 
analysis on a distribution platform, and then importing the salient information from the distribution system 
into a transmission planning tool. In Planners will increasingly rely on collaboration between existing tools, 
for instance, running full three-phase unbalanced analysis on a distribution platform, and then importing 
the salient information from the distribution system into a transmission planning tool. In this environment, 
the more that separate industry tools can “talk” amongst each other, the better off the resulting studies 
will be.  
 
Furthermore, there is increasing interest in the development of new software platforms that can model 
both distribution and transmission systems on one unified software setting. Such tools would provide 
                                                      
25 NERC Reliability Guideline – Recommended Approaches for Developing Underfrequency Load Shedding Programs 
With Increasing DER Penetration. System Planning Impacts of Distributed Energy Resources Working Group. 

Commented [A19]: Reflecting comment from Greg Ford that, in 
software, this is more of a data management issue  

Commented [A20]: It might be premature but if possible, it 
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is not much of a recommendation other than ability to import data. 
Should there be an industry or software standard for how to 
parameterize this information? 

Commented [A21R20]: At this point, the S3 group believes it 
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planners with comprehensive tools to describe the full behavior of the system, although most appear to be 
in the earlier development stages. For a full discussion of Transmission and Distribution co-simulation tools 
and techniques, refer to the NERC White Paper “Beyond Positive Sequence.”26 

 
 
Positive-Sequence Power Flow versus Electromagnetic Transient Studies 
DERs, and inverter based resources in general, are also stressing the need for increased use of 
electromagnetic transient (EMT) analysis in planning studies. Fast timescale interactions between power 
electronics, switching devices, and electromechanical generator elements drive transients that 
positive-sequence software cannot accurately capture. 
 
Engineering Engineers are increasingly relying on both positive-sequence and full EMT analysis when 
performing planning studies, with data from one platform often having to be reproduced in the other. It 
would greatly aid planners if this data exchange was ironed out. For instance, it should be possible identify 
a portion of the transmission system in a positive-sequence environment, and create a corresponding 
transmission model in an EMT environment, while automatically calculating the Thevenin-equivalent 
parameters at the boundaries of the system, and auto-populating the initial power flow in the EMT 
simulation. Such integration provides planners with a faster and more accessible way to run EMT and 
positive-sequence studies. 
 

 
  

                                                      
26 NERC White Paper – Beyond Positive Sequence. System Planning Impacts of Distributed Energy Resources Working Group. (Working 
document). 

Key Takeaways 
• Providing the ability to import data between transmission and distribution software tools will 

be increasingly important to power system planners  

• Co-simulation tools are in development. NERC SPIDER working group stresses that these tools 
will fulfill a critical role in future planning studies. The NERC White Paper “Beyond Positive 
Sequence” provides a deeper inspection of this topic 

Key Takeaways 
• Planning engineers use electromagnetic transient analysis now more than ever, but it is not 

always a smooth process to import load flow and transmission modeling data from 
positive-sequence programs into EMT tools. It would be helpful if a portion of the transmission 
system could be identified in positive-sequence software, and the information on Thevenin-
equivalent boundaries of the selected system, as well as the initialized power flow 
information, could be easily imported into an EMT environment 
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Shedding Program Design 
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Purpose 
SPIDERWG initially set out to provide guidance regarding the aggregate impacts of distributed energy 
resources (DERs) on Under Voltage Load Shedding (UVLS) programs. After a cursory review of industry UVLS 
practices, SPIDERWG recognized that there are very few (if any) currently active UVLS programs in place 
today. Therefore, SPIDERWG provides these general points for coordination of voltage-sensitive 
equipment. 
 
Key Findings to DER Impact to UVLS 
Action 
NERC Reliability Standard PRC-0101 establishes an integrated 
and coordinated approach to the design, evaluation, and 
reliable operation of UVSL programs. It addresses the 
development of UVLS programs, their databases, and the 
study frequency for which the program needs to 
demonstrate its effectiveness to mitigate undervoltage risks. 
Historically, many of these programs were designed to 
mitigate sustained low voltage conditions that could cause 
motor load to stall and subsequently continue to depressed 
voltage further.  
 
Many UVLS programs included lengthy time delays (i.e., many seconds) before tripping load, during which 
most DERs2 would trip prior to the action of the UVLS relay. The subsequent system impact of such tripping 
can further reduce the voltage, signaling the need for coordination of various equipment settings. With the 
modernization of motor loads and the move toward energy efficient motor design and electronically-
coupled motor loads, many of the concerns with low voltage are mitigated by voltage dip and voltage 
recovery criteria found in TPL-001.3  
 
Further, as DER are sources of electric power on the distribution system that inject power into the 
distribution system (offloading the net load consumed), DERs may help alleviate voltage reduction and 
stalling concerns when on-line. The primary focus with respect to DERs is their ability to withstand (i.e., ride 

                                                      
1 The standard is available here: https://www.nerc.com/pa/Stand/Reliability%20Standards/PRC-010-1.pdf  
2 This is predominantly distributed solar PV resources to-date. 
3 The standard is available here: https://www.nerc.com/pa/Stand/Reliability%20Standards/TPL-001-5.pdf  

Key Recommendation 
UVLS Programs are not as prevalent 
as they were in the past. 
Furthermore, growing levels of DERs 
are not expected to significantly 
affect UVLS Programs design. 
However, TPs and PCs should ensure 
that DER are modeled appropriately 
in any UVLS studies and ensure that 
possible DER tripping is reflected in 
those studies. 

https://www.nerc.com/pa/Stand/Reliability%20Standards/PRC-010-1.pdf
https://www.nerc.com/pa/Stand/Reliability%20Standards/TPL-001-5.pdf
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through) depressed voltages to support BPS reliability. It becomes more critical to coordinate among the 
various voltage-sensitive equipment (i.e., between voltage relays and DERs) on the distribution system to 
ensure that the system remains stable with tripping or action of installed equipment and protection 
systems.  
 
Recommendations Regarding Voltage Coordination 
SPIDERWG recommends the following for TPs and PCs when designing UVLS Programs or when analyzing 
the performance of the BPS under depressed voltage conditions: 

• TPs and PCs should review voltage dip and voltage recovery criteria to ensure any voltage depression 
on the BPS (and observed on the distribution system) can be withstood by voltage-sensitive load 
and DERs at the modeled load bus  

 Equipment response to depressed voltages (e.g., tripping of DERs on low voltage) should be 
accurately modeled and accounted for in study results. The tripping of DER can cause system 
voltages to reduce and potentially exacerbate a low voltage condition.  

• If a new UVLS Program is registered in a PC’s footprint, the UVLS entities should ensure that the 
settings of voltage-sensitive equipment are shared with the TP and PC inclusive of voltage trip 
settings for DERs. 

• TPs and PCs should continue to perform a holistic coordination of protection equipment designed 
to trip load-serving transmission elements so that voltage excursions (i.e., voltage magnitudes above 
1.05 p.u. or below 0.95 p.u.) do not cause cascading, uncontrolled separation, or instability.4  

 This review should include normal and emergency operation procedures. Example procedures 
include programs related to Emergency Load Management Reductions through voltage 
reduction5.  

                                                      
4 The “N-0” state in TPL-001 does not allow for load loss. The combination of the planning criteria in TPL-001 and the coordination of voltage-
sensitive equipment should not result in any load tripping due to normal system conditions.  
5 Note that DERs providing voltage support under these type of emergency procedures may in fact nullify the procedure’s intended effect. 
The coordination effort should also be used to identify the success of these procedures. 
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sequence tool into a “beyond positive sequence” framework. The capabilities of current 
Transmission and Distribution co-simulation tools were determined to be capable of modeling 
the complexities of both systems. Simulations were performed on a set of reduced cases rather 
than the current Interconnection-wide base cases in order to provide a technical baseline for 
further investigation. This report would help TPs and other relevant engineers to understand 
the benefits and limitations of current and “Beyond Positive Sequence” frameworks with 
respect to analyzing the impact of DERs on the BPS and the response of DERs to BPS events in 
high DER penetration scenarios. This work would also create awareness and helpful information 
on DER unique characteristics as it relates to how planning engineers use them in their 
operational day-ahead, near-term planning horizon, and long-term planning horizon studies. 

This report initially was on the SPIDERWG work plan as a white paper, but is moved to a 
technical report as it fits with the content more appropriately. SPIDERWG is seeking RSTC 
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Preface  
 
Electricity is a key component of the fabric of modern society and the Electric Reliability Organization (ERO) Enterprise 
serves to strengthen that fabric. The vision for the ERO Enterprise, which is comprised of the North American Electric 
Reliability Corporation (NERC) and the six Regional Entities (REs), is a highly reliable and secure North American bulk 
power system (BPS). Our mission is to assure the effective and efficient reduction of risks to the reliability and security 
of the grid.  
 

Reliability | Resilience | Security 
Because nearly 400 million citizens in North America are counting on us 

 
The North American BPS is divided into six RE boundaries as shown in the map and corresponding table below. The 
multicolored area denotes overlap as some load-serving entities participate in one Region while associated 
Transmission Owners/Operators participate in another. 
 

 
 

MRO Midwest Reliability Organization 

NPCC Northeast Power Coordinating Council 

RF ReliabilityFirst 

SERC SERC Reliability Corporation 

Texas RE Texas Reliability Entity 

WECC Western Electricity Coordinating Council 
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Executive Summary 
 
The NERC SPIDERWG studied various limitations of the current set of positive sequence tools to determine what, if 
any, boundary cases can be identified to switch between a positive sequence tool into a “beyond positive sequence” 
framework. The capabilities of current Transmission and Distribution co-simulation tools were determined to be 
capable of modeling the complexities of both systems. Simulations were performed on a set of reduced cases rather 
than the current Interconnection-wide base cases in order to provide a technical baseline for further investigation. 
This report would help TPs and other relevant engineers to understand the benefits and limitations of current and 
“Beyond Positive Sequence” frameworks with respect to analyzing the impact of DERs on the BPS and the response 
of DERs to BPS events in high DER penetration scenarios. This work would also create awareness and helpful 
information on DER unique characteristics as it relates to how planning engineers use them in their operational day-
ahead, near-term planning horizon, and long-term planning horizon studies. 
 
Transmission Planners (TPs) and Planning Coordinators (PCs) are able to take this document, read the various use 
cases for beyond positive sequence tools, and incorporate any changes to their planning criteria to explore when to 
utilize tools to assess the reliability of the BPS outside of the typical positive sequence RMS framework. It should be 
noted; however, that while this document provides investigations into DER, specifically, other factors may be 
applicable for a TP or PC to begin developing a model in a beyond positive sequence tool.  
 
The report finds that buses electrically distance from the site of studied disturbance show a very similar behavior 
during and post-disturbance, indicating that the typical positive sequence tools capture that impact of aggregate DER 
well. Close to the site of studied disturbance, however, there are instances of adequate difference between a positive 
sequence tool and beyond positive sequence tool that warrant further investigation. While this difference can be 
attributed to 1) modeling differences between T-only and T+D co-simulation, 2) implementation of the class and type 
of numerical methods used, and 3) other implemented model details (such as the composite load model) that impact 
numerical convergence, these all require support of a beyond positive sequence tool to determine the impact of DER 
at the BPS. Further, the studies conducted compared a framework of aggregated modeling in a positive sequence 
tool versus the more detailed modeling of an explicit distribution system (where the DER is located) and found that 
under tested conditions, the DER_A model and previous SPIDERWG guidance was adequate. While engineering 
judgement is a viable tool, leveraging approaches such as T&D co-simulation to understand aggregate model usage, 
representation, and parameterization will increase understanding of the system behavior, which can then inform TP 
and PCs in a way that allows them to update their practices to more accurately capture their system’s behavior. 
 

It is worth pointing out that the results provided here for the mixed vintages of DERs scenarios does not rule out the 
possibility of a set of parameters that will result in appropriate response of single DER_A model used to represent 
mixed vintages. The rationale to explore alternative means of modeling stems from the following.  

1. There is a potential challenge in deriving generic and universal parameter values, especially the parameters 
associated with voltage and/or frequency zones and associated timers, in simulation of scenarios where there 
could be more than two interconnection standards in mixed vintages of DERs.  

2. Here, while engineering judgement could be used with the use of a single DER_A model to provide a 
transmission planner with the trend of the response, the need for increased accuracy in simulation results 
can warrant use of multiple DER_A models. 
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Introduction  
 
In the past, distributed energy resources (DER) penetration levels have been insignificant, and transmission planning 
studies either do not include DERs in the simulations or use Positive Sequence RMS (Root Mean Square)) tools to 
model DERs. This methodology, in the past, has been sufficient to represent the impacts of these resources on the 
bulk power system (BPS).  However, as DER penetration levels increase, Transmission Planners (TPs) need to use a 
more detailed model to represent DER behavior and study the impact of these resources in order to understand their 
impacts on the reliability of the grid. 
 
Today, the industry is becoming familiar with the DER_A dynamic model1, which is an aggregate positive sequence 
model for inverter based DER. This model2 captures the behavior and features of DERs and is used to help understand 
the impact of DERs on BPS reliability. However, aggregation masks the individual behaviors of DERs on the distribution 
system and the positive sequence simulation tools currently used cannot accurately represent the impact of 
unbalanced faults on DERs. With the proliferation of DERs these limitations of existing simulations tools and methods 
(despite improvements) has given rise to questions of whether TPs should explore other simulation options that go 
beyond positive sequence and use beyond positive sequence tools to assess whether the existing tools adequately 
capture the effect of DERs. 
 
In order to define the scope of this technical report, the report first defines “beyond positive sequence” in the context 
of positive sequence modeling software. In addition to the formal definition, the report categorizes positive sequence 
modeling software as software used for transmission-only analysis. The goal is not to discuss the theoretical 
differences that exist in positive sequence versus three phase models, but rather to dissect the modeling practices 
that are naturally followed in positive sequence tools – aggregated representation of loads and DERs. Once the 
modeling philosophies behind positive sequence modeling of DERs are explained, the report then transitions to 
dissect the benefits and limitations of aggregate DER modeling. Beyond positive sequence in this context includes 
dynamic simulation of the detailed distribution system along the transmission system (T&D co-simulation). However, 
it must be noted that advancement in detailed co-simulation modeling techniques is not guaranteed to provide the 
relevant answers due to a) possible lack of adequate modeling data for distribution system; b) convergence issues 
that could arise as a result of controller feedback; 
 
As existing transmission simulation practice does not include capturing detailed representation of the distribution 
system, the potential occurrence of DER control instability within the distribution system and any resulting impact on 
the BPS is not captured. This could be of concern to a TP. Hence, there may be a potential need for “Beyond Positive 
Sequence” tools that can help to model, represent and capture the detailed behavior of DER in the distribution system 
in order to ascertain their impact on the BPS. However, before going down this path, it is prudent to take a look at 
existing distribution planning practices on this topic. Unlike transmission planning, the majority of present day 
distribution planning practices do not include dynamic simulation studies. Since many DER control interactions and 
instabilities would potentially arise within the distribution system before they translate up to the transmission 
system, it should be asked as to whether incorporation of dynamics studies within distribution planning is a first step 
to be taken before a transmission planning engineer makes an attempt to co-simulate both transmission and 
distribution system. 
 
The focus of this document is on answering questions about situations wherein present positive sequence simulation 
analysis may be insufficient to enable a transmission planning engineer to make a decision regarding the impact of 
DERs on the BPS. As part of this technical report, the deficiencies in the current process for analyzing impact of DERs 
on the BPS will also be highlighted while simultaneously providing some insights into the capabilities and features 

                                                           
1 This is referred to in some software as the “Distributed Energy Resource Aggregate model”. It is a model that can be attached to a  
2 SPIDERWG has developed guidance on the DER_A model, available here: 
https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_DER_A_Parameterization.pdf   

https://www.nerc.com/comm/PC_Reliability_Guidelines_DL/Reliability_Guideline_DER_A_Parameterization.pdf
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that future tools would need to have in order to adequately model and represent the impact of DERs on the BPS, 
especially under high penetration scenarios. This document would help TPs and other relevant engineers to 
understand the benefits and limitations of current and “Beyond Positive Sequence” frameworks with respect to 
analyzing the impact of DERs on the BPS and the response of DERs to BPS events in high DER penetration scenarios. 
This work would also create awareness and helpful information on DER unique characteristics as it relates to how 
planning engineers use them in their operational day-ahead, near-term planning horizon, and long-term planning 
horizon studies. 
 
Definition of Beyond Positive Sequence 
The term “positive sequence” is used in this white paper to refer to positive sequence (i.e., does not include negative 
or zero sequence impedances, voltages or currents), phasor domain, power flow and dynamic transmission planning 
practices and simulation methodologies. Positive sequence modeling assumes three main conditions (i) the three 
phases are balanced i.e. the magnitudes of voltage/current phasors of each phase are respectively equal and the 
phases are spaced 120 degrees apart, (ii) the impedances of the network are represented algebraically at the 
fundamental frequency, and (iii) any electromagnetic transients from the network components is sufficiently damped 
and thus not represented. Transmission system studies have historically considered a balanced transmission system.  
 
When the term “Beyond Positive Sequence” is used in this document, it is used to refer to simulation methods that 
can account for unbalanced conditions on the transmission system or distribution system or on both transmission 
and distribution systems. These unbalanced conditions may be represented either in phasor time domain or in 
electromagnetic transient (EMT) time domain. Sometimes these tools can be labeled as “T&D co-simulation”, as they 
take present transmission and distribution simulation tools to simulate them together. Unbalanced conditions are 
more common in the distribution system and distribution planning tools are able to solve unbalanced load flows. It 
should be noted that T&D co-simulation can also interface positive sequence transmission simulator with a three 
phase distribution simulator. Under such a setup, the T&D co-simulation will help capture the spatial characteristics 
of the DERs that positive sequence model cannot capture. However, such a setup cannot help answer questions 
related to unbalanced faults onto the transmission system3. 
 
 When investigating the impact of distribution system on the transmission network, there could be limitation of 
considering only phasor time domain, even if unbalance has been considered. Here, use of EMT domain can be 
considered. However, the need for EMT planning tools in relation to increasing penetration of DER and the impact 
on transmission planning has not yet been identified across the industry. In this white paper, the use of EMT planning 
tools has been considered to showcase the impact of the DER on the bulk power system, however, the use of the 
results is from the perspective of developing sufficient parameters for an aggregated composite load model. To be 
clear, use of EMT tools for DER impact studies do require a specific modeling of the distribution circuit parameters in 
a system. Should transmission planning pursue an EMT study relating to impact of DER, this document contains a 
preliminary checklist to assist in making sure a study is ready for EMT analysis. 
 

                                                           
3 As with all tools, a clear understanding of the benefits and limitations is required. Here, the interface described is limited to reflecting 
unbalanced conditions on the transmission system due to the transmission system solver requiring positive sequence assumptions. Different 
tools or tool improvements, such as using a solver that can handle unbalanced phases for the transmission system in this case, can enhance 
the applicability and usability of any tool discussed in this paper. Note this is not a limitation of T&D co-simulation but on a solver that cannot 
handle the unbalanced fault conditions. 
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Chapter 1: Limitation of Positive Sequence Tools and Aggregated 
Modeling  

 
One of the major concerns related to the present transmission planning simulation tools is their use of aggregated 
models to represent the entire distribution system with connected DERs and composite load models at a substation. 
As the entire distribution system is represented through a single model, the parameterization of the model becomes 
even more important4 to adequately capture the voltage diversity throughout the distribution system. Although this 
process requires extensive simulation on the back end (which does not necessarily have to be carried out by the TP) 
to adequately parametrize the model, generic parameters that can be applied over a wide geographical area can be 
easily applied for the purpose of transmission planning. However, as with any aggregated model, it is likely that under 
certain scenarios the actual system behavior may not be perfectly captured due to the assumptions made during the 
parametrization process itself. For example, if induction motor loads are present in the distribution system, the 
voltage at the load ends can be well below the voltage at the substation level due to stalling of the motors. Also, the 
voltage recovery at these loads can be substantially slower than at the substation bus, a phenomenon known as fault 
induced delayed voltage recovery (FIDVR). This phenomenon may result in more tripping of DERs in reality than 
shown by the aggregated models if the models do not properly capture the stalling characteristics of motor load on 
the T-D interface. Similarly, electrically close DER installations to stalling motor load may also experience return to 
service voltages separate from the majority of the aggregation, which is also not reflected well when modeled in 
aggregate at the T-D interface. Another issue with existing positive sequence tools is the inability to demonstrate the 
impact of coordination of multiple DERs on the bulk power system operational stability.  
 
Identification of Issues that need “Beyond Positive Sequence” Tools 
The specific limitations with using only positive sequence tools to study the increasing penetration of DERs and its 
impact on transmission planning are identified in this section. Each of the limitations are illustrated with an example 
using a test system.  
 
DERs Tripping on Individual Phase Voltage  
For unbalanced faults, positive sequence tools only provide a positive sequence equivalent voltage of the unbalanced 
set of voltages, which tend to be a value higher than the lowest individual phase voltages. Table 1 illustrates this 
point well as each positive sequence voltage value was higher than the lowest individual phase for the fault. Due to 
the positive sequence voltages being higher than the lowest individual phase during unbalanced faults, positive 
sequence tools tend to underestimate the amount of DER tripping in simulation. In contrast, Beyond positive 
sequence tools that take into account the individual phase voltages can be parameterized to account for single-phase 
DER tripping on individual voltages.  
 
Transformer Configurations Impact the Voltage Profile across the T&D Interface 
The Transmission & Distribution transformer winding configuration affects the phase voltages on either side of the 
T&D transformer. This is apparent during an unbalanced fault on either side of the T&D transformer. In Figure 1, 
represented in an EMT simulation platform, the nominal voltage of Bus 1 is 230kV, Bus 2/Bus 3 is 115kV, and Bus 
4/Bus 5 is 12.47kV. Transformer T1 is between Bus 1 and Bus 2 while transformer T2 is between Bus 3 and Bus 4. A 
variety of unbalanced faults were applied on Bus 1 and the voltage on Bus 5 (both the individual phase voltages and 
the positive sequence equivalent) was noted and tabulated as shown in Table 1. Buses 1, 2 and 3 represent a simplistic 
representation of the Transmission side of the T-D interface, while Buses, 4 and 5 represent the Distribution side. In 
addition, the voltages are tabulated for different values of fault impedances. 
 

                                                           
4 It should be noted that parameterization of any simulation model is very important for accurate simulation results 
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Figure 1: One-line diagram of system 

 
As an example, for a solid L-L-G fault (Zf = 0) at Bus 1, when T1 winding is Delta-Wye5 (also known as a Δ(30)-Y) 
configured and T2 winding is Y-Y configured, the simulated voltage level under fault conditions on phase A at Bus 5 
is 0.58 pu, on phase B is 0.34 pu, and on phase C is 0.57pu. Now, if all DER on the feeder have a trip threshold of 
0.5pu at their terminals, then we can safely assume that all single phase DER connected on phase B would trip (hence 
the pink color in the table). On phases A and C some amount of single phase DER trips would occur, especially if the 
DER are located towards the middle or tail end of the feeder6. Due to this uncertainty, the cells are highlighted in 
mild yellow color indicating that there will some amount of DER trips, but it would be difficult to generalize and 
quantify the exact amount. Finally, three phase DERs would also trip as the least voltage phase voltage (phase B) is 
below the trip threshold. Overall, for this fault, when viewed from the substation (either at Bus 3 or Bus 5), it can be 
assumed that more than 50% of the DER on the feeder would trip. 
 
Now, if this fault was approximated in a positive sequence simulation platform, the positive sequence voltage 
observed at Bus 5 would be 0.497pu. If the DER_A model’s voltage trip characteristic is parameterized to reflect 
tripping behavior due to unbalanced faults as detailed in [1] with the characteristic lying between 0.8pu and 0.6pu, 
then for this same unbalanced fault, DER_A model would reflect that all DER at the substation would trip (as indicated 
by the red color). This is of course a conservative representation because as reasoned previously, possibly only 50% 
of DER may trip. However, in such a scenario, a conservative representation may be alright for transmission system 
planning. 
 
Another example scenario is for a line-to-line (L-L) fault at Bus 1 with a fault impedance (Zf) equal to 0.2pu. If we 
assume that both T1 and T2 have windings with Y-Y configuration, then the individual phase voltages at Bus 5 are 
0.95pu, 0.34pu, and 0.96pu respectively on phases A, B, and C. Here, again, all single phase DER connected on phase 
B will trip. However, single phase DERs connected on phases A and C would ride through the fault (denoted by the 
green color). All three phase DERs would also trip because of the low phase B voltage. Thus, we can assume that 
probably 30 – 50% of DER MW would trip. This scenario can be assumed to be a mild trip of DER.  
 
When represented in a positive sequence platform, the positive sequence voltage at Bus 5 would be 0.75pu. Here, 
the DER_A model (if the voltage trip characteristic is parameterized as before to lie between 0.8pu and 0.6pu) would 
show a possible 20 – 30% trip of DER based on the 0.75pu positive sequence voltage. Thus again, for this unbalanced 
fault, the DER_A could possibly adequately reflect the trip of DERs from the requirement of transmission planning. 
Specific instances, however, may need further investigation in beyond positive sequence tools by TPs as, highlighted 

                                                           
5 Note that the Delta-Wye configuration has a 30-degree phase shift from the primary to the secondary phases. 
6 This assumes the voltage profile follows historic norms where it decreases from the head to the tail of the feeder. 
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in this example, the positive sequence representation is not a conservative estimation of tripping under specific 
parameterizations of the DER_A model7. 
 
While this method and approximation may be adequate in most scenarios, it is definitely not 100% precise or 
accurate. As an example, consider a line-to-ground (L-G) fault at Bus 1 with Zf = 0.1pu. In this scenario, irrespective 
of the transformer winding configuration, two phases never see the chance of DER tripping, but one phase could 
possible see DER tripping based upon the voltage profile across the feeder. Thus, there is a chance of about 10 – 30% 
of DER tripping. However, the equivalent positive sequence voltage is marginally above 0.8pu at the substation head. 
Here, if the DER_A model is placed right at the substation bus, then it possible that the DER_A model would suggest 
that all DER would be able to ride through the event. However, if the DER_A model is placed at the low end of an 
equivalent feeder, then the model may be able to represented a small percentage of DER tripping as the equivalent 
positive sequence voltage at the low end of the equivalent feeder would be lower than the equivalent positive 
sequence voltage at the high end of the equivalent feeder. 
 

Table 1: Voltages at Bus 5 for different scenarios of unbalanced faults and transformer 
winding connections 

Fault Impedance Fault Type Quantity Voltage (p.u.) Voltage (p.u.) Voltage (p.u.) 

   T1/T2 Configuration Y-Y/Y-Y Y-Y/Δ(30)-Y Δ(30)-Y/Y-Y 

Zf = 0 

L-G at Bus 1 

V_a 0.05 0.57 0.58 
V_b 0.95 0.56 0.56 
V_c 0.97 0.96 0.96 
V_+ 0.656667 0.6966667 0.7 

L-L at Bus 1 

V_a 0.55 0.85 0.85 
V_b 0.55 0.34 0.33 
V_c 0.97 0.85 0.85 
V_+ 0.69 0.68 0.6766667 

L-L-G at Bus 1 

V_a 0.29 0.58 0.58 
V_b 0.29 0.34 0.34 
V_c 0.96 0.58 0.57 
V_+ 0.513333 0.5 0.4966667 

Zf = 0.1pu (52.9Ω) 

L-G at Bus 1 

V_a 0.6 0.91 0.91 
V_b 0.96 0.54 0.54 
V_c 0.96 0.96 0.96 
V_+ 0.84 0.8033333 0.8033333 

L-L at Bus 1 

V_a 0.8 1.01 1 
V_b 0.28 0.37 0.37 
V_c 0.96 0.67 0.67 
V_+ 0.68 0.6833333 0.68 

L-L-G at Bus 1 

V_a 0.6 0.91 0.91 
V_b 0.6 0.61 0.61 
V_c 0.96 0.55 0.54 
V_+ 0.72 0.69 0.6866667 

                                                           
7 It must be kept in mind that the parameterization of the DER_A model’s voltage trip characteristic to lie between 0.8pu to 0.6pu is to be used 
only to observe the performance under unbalanced faults. For three phase faults, the trip characteristic should lie between 0.55pu and 0.45pu 
as the trip threshold of an individual DER is assumed to be 0.5pu. 
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Table 1: Voltages at Bus 5 for different scenarios of unbalanced faults and transformer 
winding connections 

Fault Impedance Fault Type Quantity Voltage (p.u.) Voltage (p.u.) Voltage (p.u.) 

   T1/T2 Configuration Y-Y/Y-Y Y-Y/Δ(30)-Y Δ(30)-Y/Y-Y 

Zf = 0.2pu (105.8Ω) 

L-G at Bus 1 

V_a 0.8 1 1 
V_b 0.96 0.72 0.72 
V_c 0.96 0.96 0.96 
V_+ 0.906667 0.8933333 0.8933333 

L-L at Bus 1 

V_a 0.95 1.09 1.09 
V_b 0.34 0.6 0.6 
V_c 0.96 0.6 0.6 
V_+ 0.75 0.7633333 0.7633333 

L-L-G at Bus 1 

V_a 0.84 1 1 
V_b 0.83 0.82 0.82 
V_c 0.96 0.75 0.75 
V_+ 0.876667 0.8566667 0.8566667 

 
Limitations to the variation of the voltage across a distribution circuit as seen in the circuit’s 
voltage profile.  
Historically, in radial distribution circuits, the more the voltage drop increases, the farther the electrical distance from 
the substation of the circuit unless a voltage regulating device boosts the voltage. DER connected at different 
distances down the distribution feeder experience different per unit voltage and DERs may not be uniformly 
distributed across the length of the feeder. Further, as DERs are sources of electrical power they can also boost the 
voltage on the distribution feeder as a voltage regulating device. The following examples are provided to illustrate to 
transmission planners how voltage varies across the distribution feeder with multiple DER in the distribution system. 
Due to this variation in the voltage profile it is possible that different percentages of DER may trip at different 
instances of time for the same transmission event. In a traditional positive sequence representation, it is not easy to 
capture this entire variation in voltage profile in the distribution network. As a result it is worth mentioning that this 
limitation8, if deemed to be significant by the TP, can be overcome by using T&D co-simulation – a beyond positive 
sequence simulation process, which is discussed in detailed in the next section. However, not every scenario, or 
transmission network requires the representation of the entire voltage profile in the distribution feeders. Further, 
the DER_A model, a model that represents aggregate equipment, has a voltage trip characteristic that can be 
parameterized to approximate to some level the variation in voltage and the unequal tripping that can result. Hence, 
identification of the use cases of when and where to expand beyond positive sequence tools9 is critical in order to 
bring about an efficient planning process. The next sections illustrate distribution feeder changes that may be of value 
for a TP. 
 
Circuit 5 
The SPIDERWG took a simulation tool from EPRI’s Public Test Circuits10 to provide TPs and Planning Coordinators 
(PCs) with description on how the addition of 10 MW of DER can influence the voltage profile on a distribution feeder. 
Figure 2 demonstrates the one-line diagram of the distribution circuit labeled Circuit 5 in the tool, and Figure 3 to 
Figure 5 demonstrate the voltage profiles variations with different connection of the 10 MW of DER. As seen from 

                                                           
8 That is, the inability to represent voltage profile variation of a distribution feeder to individual DER terminals in the aggregated positive 
sequence model.  
9 In this example, this would mean moving to a T&D co-simulation tool to model the voltage variations past the T&D Interface. 
10 These are available here: https://smartgrid.epri.com/SimulationTool.aspx) 

https://smartgrid.epri.com/SimulationTool.aspx
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the figures, the distribution circuit voltage profile does not decrease as sharply when DER is on the circuit (Figures 4 
and 5) opposed to the original voltage profile (Figure 3) 

 
Figure 2: Example Distribution Feeder from EPRI Public Test Circuits [Source: EPRI] 

 

 
Figure 3: Circuit 5 Distribution Feeder Voltage Profile without DER Penetration 
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Figure 4: Circuit 5 Distribution Feeder Voltage Profile with 10 MW of Single-Phase DERs 

 

 
Figure 5: Circuit 5 Distribution Feeder Voltage Profile with 10 MW of Three-Phase DERs. 
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Circuit 24 
Further expanding on these example feeders, SPIDERWG took Circuit 24 from the ERPI tool above and performed the 
same addition of 10 MW of DERs (both if all single-phase or three-phase connections). Figure 6 demonstrates the 
one-line diagram of this circuit and Figure 7 to Figure 9 demonstrate the voltage profiles variations with different 
connection of the 10 MW of DER. In this particular circuit, the voltage profile shifted enough to increase with electrical 
distance from the feeder head, rather than decrease, with the addition of DER on the feeder. Such changes indicate 
that TPs and PCs may need to use beyond positive sequence tools to represent the various voltage profile changes in 
simulation. 
 

 
Figure 6: Another Example Distribution Feeder from EPRI Public Test Circuits [Source: EPRI] 

 

 
Figure 7: Circuit 24 Distribution Feeder Voltage Profile without DER Penetration 
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Figure 8: Circuit 24 Distribution Feeder Voltage Profile with 10 MW of Single-Phase DERs 

 
 

 
Figure 9: Circuit 24 Distribution Feeder Voltage Profile with 10 MW of Three-Phase DERs 

 
 

 
A Feeder in Arizona 
Outside of the EPRI tool, the SPIDERWG wished to confirm that there exists instances where the voltage profile across 
a feeder no longer decreases the further away from the feeder head, but rather decreases. Such was the case from 
this feeder from a utility operating in Arizona. Figure 10 demonstrates the circuit diagram of this distribution feeder 
and Figures 11 to 13 show the voltage profiles under various load and DER output conditions. As seen from the figures, 
under the minimum load and high DER output conditions, the voltage profile across the feeder increased as distance 
from the feeder head increased in opposition to the historical norm described in the sections above. 
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Figure 10: Distribution Feeder Circuit Diagram 

 
 

 
Figure 11: Arizona Distribution Feeder Voltage Profile at Minimum Load with No DER Output 
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Figure 12: Arizona Distribution Feeder Voltage Profile at Peak Load with No DER Output 

 

 
Figure 13: Arizona Distribution Feeder Voltage Profile at Minimum Load with High DER 

Output 
 
Summary 
From the Figures that show the voltage variation across different distribution circuits, it is demonstrated that DER 
may have a wide variety of voltages as seen from their terminals. Beyond positive sequence tools are needed to 
represent this variation as the inability to represent the variations in feeder voltage profiles is a current limitation of 
positive sequence tools. SPIDERWG notes that in order to represent the variations at individual components along a 
distribution feeder is different from the current positive sequence modeling guidance it provides in its other reliability 
guidelines. This guidance still holds for the positive sequence tools; however, the above limitation demonstrates 
cases where TPs may need to go beyond the positive sequence tools (and thus, beyond the positive sequence 
modeling guidance from other SPIDERWG documents) to adequately plan their system. 
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Chapter 2: Potential Use Cases for Transmission and Distribution 
Co-simulation 

 
This chapter explores the various use cases for T&D co-simulation tools as explored by the NERC SPIDERWG members. 
These are included here to describe to TPs and PCs instances where the typical positive sequence modeling software 
would be lacking and a T&D co-simulation tool would be more appropriate for the study. While NERC SPIDERWG did 
not explore EMT tool use cases in the same detail, a general checklist is provided for when to move to such tools.  
 
Use Case 1 – Motor Stalling and Load Recovery 
An increasingly active distribution network with the presence of a variety of smart inverter control methods coupled 
with induction motor interactions raises the question of accuracy of the composite load models11 for use in bulk 
power system planning studies using positive sequence simulation tools. Additionally, there is a need to ascertain 
whether simulation tools that go beyond positive sequence simulation environments are required from a bulk power 
system planning perspective. Using few example case studies, the impact of DER on the stalling and recovery of single 
phase induction motor loads is documented. The entire transmission system and the distribution system is 
represented in detail in an electromagnetic (EMT) simulation platform. The ability of DER to mitigate the stalling of 
induction motor loads is also investigated. Additionally, these case studies aim to identify scenarios that would need 
the use of detailed representation of the distribution system for bulk power planning studies. Here, co-simulation is 
considered to be the combined simulation of both transmission and distribution network with both networks 
represented in detail within the same simulation software.  
 
A modified New England 39 bus system was used to represent the transmission network as shown in Figure 14. The 
transmission network in this figure also has transmission-connected IBRs. In addition to reducing the size of the 
network, the impedance of few transmission paths was increased, enabling the creation of a load pocket following 
clearance of a fault. The load pocket results in a depressed transmission voltage when the low impedance path is 
opened with the fault. All load on the transmission network were represented as constant current for active power 
and constant impedance for reactive power. To represent a distribution network, a feeder was connected at three 
individual buses (bus 3, 4, and 18) of the transmission network. This feeder is representative of a distribution feeder 
in Hawaii and has previously been used to study the impact of DER on stalling of induction motors12.  
 

                                                           
11 This includes the current parameterization of the composite load model without generation components, i.e., DER. 
12 As in the following two references: 
P. Mitra, A. Gaikwad, and J. C. Boemer, “Impact of Distributed Energy Resources (DER) 
Voltage Regulation and Ride Through 
Settings on Distribution Feeder Voltage Recovery,” in CIGRÉ U.S. National Committee, Grid of the Future Symposium, Cleveland, OH, Oct. 
2017 
Impact of DER Voltage Regulation and Voltage Ride Through Settings on Fault Induced 
Delayed Voltage Recovery (FIDVR), EPRI, Palo Alto, CA., Tech. Rep. 3002009363, 2017. 
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Figure 14: Modified IEEE 39 Bus system Used in the Study 

 
 
The addition of DER to these feeders was arbitrarily done as one of the aims of this study was to ascertain the need 
of representing the transmission network to a level of detail greater than just an equivalent source. DERs were added 
only to the feeders connected to bus 3 and bus 4 and were not added to the feeder at bus 18 in order to observe 
whether the impact of DERs from the adjacent feeders. Each DER was controlled to inject a constant value of active 
power while having the capability to provide dynamic voltage support during abnormal voltage conditions and allow 
for adjustable momentary cessation voltage thresholds. Tripping of the DER was not considered. 
 
Within the feeder, single phase induction motors were modeled using the model developed previously in reference 
5 in Appendix B. Each feeder contained a total of 14 single phase induction motors with each motor being a 
combination of numerous 5.278 kW motors. The motor has a speed dependent load torque of 6 N-m and a triangular 
load torque with an average value of 8 N-m. There is a small degree fo imbalance in the loading of the feeder across 
the three phases. 
 
To observe the impact of various operational features of DER on induction motors, a variety of DER scenarios were 
studied. A few relevant scenarios are tabulated in Table 2. A more detailed discussion of all scenarios studied is 
available at reference 6 in Appendix B. All DER were also assumed to be reactive current priority mode. Additionally, 
all DERs were assumed to be three phase and connected at 12.47 kV buses within the feeder. In each case, an 80ms 
fault was applied on the line between bus 2 and bus 3, at a distance of 0.1% from bus 3. Upon clearing the fault, the 
line between bus 2 and bus 3 was opened 10ms later. 
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Table 2: DER scenarios studied 

Case DERs DER % DVS Scenarios 
0 OFF 0% N/A LLL-G 

fault, L-G 
fault 

2 ON 200% OFF LLL-G 
fault 

9 ON 300% ON LLL-G 
fault, L-G 
fault 

 
The results from the detailed EMT simulations were compared with results obtained from a positive sequence 
simulation tool to ascertain the sufficiency of positive sequence tools under a scenario with high DER percentage in 
the distribution network, along with presence of Fault-Induced Delayed Voltage Recovery (FIDVR). With the 
proliferation of BPS-connected inverter based resources and distribution-system-connected, power electronic 
interfaced DERs, there is a concern that conventional positive sequence simulation tools would not be able to capture 
all aspects of the dynamic behavior associated with these fast power electronic devices. While there certainly can be 
technical justification behind this concern, and there is no doubt that positive sequence simulation environments 
would not be able to capture the dynamic behavior to a high degree of detail13, TPs have to also consider the practical 
factors associated with electric utilities moving to simulation environments beyond positive sequence. Few crucial 
questions that should be asked that could aid in making a decision regarding this transition for the use case of studying 
impact to motor load stalling can be: 
 

1. Is the behavior obtained from a positive sequence aggregated composite load model insufficient for 
transmission planners to make an informed decision about the impact of DER and load on the bulk power 
system? 

2. If the behavior is sufficient, will it be sufficient even under future DER percentage levels? 
3. Would there be particular scenarios under which the behavior obtained from a positive sequence 

aggregated composite load model will not be sufficient? 
 
In positive sequence tools, the dynamic behavior of loads and DER connected at the substation are represented using 
a composite load model with distributed generation. Parameterization of the components of the composite load 
model have been widely discussed previously.14,15,16 This aggregated model can be described as a:  

1. electrical representation of aggregated behavior of three phase induction motors driving loads with 
different speed-torque characteristics,  

2. performance based model representing the aggregated behavior of single induction motors,  
3. representation of static and power electronic load, and  
4. representation of the aggregated behavior of power electronic based DERs using the DER_A model. 

 
Although the values of the parameters of the cmpldwg model did not change with change in DER scenario being 
studied, few of the parameters of the performance based model representing the aggregated behavior of single 
phase induction motors had to be different across the three buses (bus 3, bus 4, and bus 18) where the model was 
placed due to initialization and imbalance issues found in the simulation (as described above). The primary reason 

                                                           
13 This is especially true for frequencies away from nominal frequency, during unbalanced network conditions, and with regard to sub-cycle 
transient behavior 
14 NERC Reliability Guideline: Developing Load Model Composition Data, March 2017 
15 NERC Reliability Guideline: Parameterization of the DER_A Model, Sept. 2019 
16 NERC Reliability Guideline: Modeling Distributed Energy Resources in Dynamic Load Models, Dec. 2016 
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for this difference was due to the difference in steady state voltage at these buses along with the single phase 
induction motor model being a performance based aggregated model. 
 
For the base case without any DER (denoted as Case 0 in Table 2), the comparison of the dynamic behavior between 
a full, detailed EMT simulation and the aggregated behavior from a positive sequence model observed at buses 3 and 
18 is shown in Figure 14 for an LLL-G fault with creation of a load pocket. It can be seen that the aggregated load 
model in the positive sequence tool is able to provide a fair representation of the active and reactive power drawn 
by each of the three feeders while also providing a reasonable representation of the voltage magnitude both on the 
230 kV side and the 12.47 kV side. 
 
The large and sustained increase in reactive power consumption (in comparison to the pre-fault loading level) is 
characterized by the stalling of single phase induction motors who eventually trip 2s later. Trip of the stalled motors 
is noted by the reduction of reactive power consumption across the T&D interface and also by the reduction in active 
consumption. However, due to the formation of the load pocket, the voltages remain at a value of approximately 
0.8pu. Additionally, the feeders at bus 3 and bus 18 are impacted to an equal and larger extent when compared to 
the feeder at bus 4. Of the fourteen single phase induction motors on each feeder, on the feeders at bus 3 and bus 
18 only one single phase induction motor was able to successfully ride through the fault on each feeder. On the 
feeder at bus 4, eleven (11) out of the fourteen motors were able to successfully ride through the fault. 
 
Upon adding close to 200% of DER, with a momentary cessation threshold to 0.50 pu (denoted as Case 2 in Table 2), 
comparison of the dynamic behavior at bus 3 and bus 4 is shown in Figure 15. Here, although the response at bus 3 
shows the same trend between positive sequence and EMT domain, the response observed at bus 4 shows a more 
conservative behavior in the positive sequence simulation model. In the detailed EMT simulation, at bus 4 with a DER 
momentary cessation threshold of 0.50 pu, all single phase induction motors were able to successfully ride through 
the fault as opposed to the motors at bus 3. The response from the positive sequence model shows a conservative 
behavior of more single phase induction motor stall and trip which is primarily driven by the stall and restart voltage 
thresholds of the single phase induction motors in the performance based positive sequence model. However, 
although there is a difference in output, the trend of the response observed from the positive sequence model could 
possibly be sufficient to make informed transmission planning decisions. 
 
With additional DER located at the feeder head, along with provision of dynamic voltage support from DER (denoted 
as Case 9 in Table 2), comparison of the dynamic response is shown in Figure 16 for bus 3 and bus 4. It can be seen 
that although there is a good match between the responses, there is still further work that can be done to improve 
the derivation of the composite load model parameter values. The parameters that play a crucial role in the response 
of the positive sequence aggregated composite model are the value of voltage at which the performance based model 
of single phase induction motors is allowed to restart (Vrst) and the upper value of the under voltage trip threshold 
(vtr1). In the detailed EMT model, the trip of the single phase induction motors occurs based on its measured speed. 
However, since the performance model in the composite load model does not have this attribute, tripping of the 
motors is initiated using the under voltage trip settings. While the values for voltage threshold can be parameterized 
adequately, further continued research work is to be carried out.
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Figure 15: Without DERs comparison of the system response at bus 3 (left) and bus 18 (right) between EMT and positive 

sequence platform for an LLL-G fault with creation of load pocket
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Figure 16: With DERs and momentary cessation threshold of 0.5pu, comparison of the system response at bus 3 (left) and 

bus 4 (right) between EMT and positive sequence platform for an LLL-G fault with creation of load pocket 
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Figure 17: With DERs and momentary cessation threshold of 0.5pu and DERs providing dynamic voltage support, 

comparison of the system response at bus 3 (left) and bus 4 (right) between EMT and positive sequence platform for an 
LLL-G fault with creation of load pocket 
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Due to the inherent conceptual limitation of positive sequence simulations, capturing the behavior of load and DER 
for unbalanced faults on the transmission system can be a challenge17. Further, as the dynamic behavior of DER and 
load is represented in an aggregated manner in positive sequence simulations, the parameterization of the 
aggregated model must be carefully considered. In reference 4 of Appendix B, a method to parameterize the positive 
sequence DER_A model to enable representation of tripping of DERs for unbalanced transmission faults was 
presented. This concept has been used to investigate the validity of the dynamic response observed from the 
aggregated model. 
 
As before, prior to adding DERs, the dynamic behavior of Case 0 is first compared to verify the dynamic response 
shown by the performance based single phase induction motor against the EMT representation. The response 
observed at bus for an L-G fault is shown in Figure 17. The values of the parameters of the composite load model 
were assumed to be the same as previously used for the LLL-G fault. However, from the figure it can be seen that 
there is a drastic difference in the behavior observed in the positive sequence simulation. In the EMT case, there are 
very few single phase induction motors at bus 3 that are impacted by the fault. But after observing the dynamic 
behavior in the positive sequence simulation, one may infer that an L-G fault can cause stalling of single phase 
induction motors to the same extent as an LLL-G fault. A similar behavior is also observed at bus 18. In contrast, at 
bus 4, both the positive sequence model and the detailed EMT model show a similar response.  
 
This behavior points towards a necessary discussion regarding parameterization of the performance based single 
phase induction motor model in positive sequence. As an example, rather than using the in-built stall curves in the 
positive sequence software, the stall voltage and time thresholds were set to Vstall = 0.45pu and Tstall = 0.05s. In 
contrast to the in-built stall curves that have been derived from laboratory test data, here the parameterization of 
the values have been carried out based on observing the response observed in the detailed EMT simulation. 
Additionally, at bus 3, the value of vtr1 was set to 0.6pu rather than 0.8pu. With these changes, the dynamic behavior 
at bus 3, bus 4, and bus 18 is compared in Figure 18. 
 
Lowering the threshold for Vstall in the positive sequence performance based model achieves the desired response 
as compared to the detailed EMT model. However, validation of this performance is yet to be carried out in detail. A 
similar acceptable comparison with the presence of DERs along with dynamic voltage support is shown in Figure 19. 
Although a reasonable level of accuracy can be achieved by lowering the threshold value of Vstall in the positive 
sequence simulation, a commentary is necessary regarding the applicability of the composite load model for 
unbalanced faults. The single phase induction motor representation in the model is a performance based model 
whose region of applicability lies primarily for three phase balanced faults. The EMT studies discussed in here have 
shown that the impact of a single phase fault on the stalling of induction motors is lower when compared to a three 
phase fault. Thus, unless care is not taken to appropriately parameterize the composite load model for unbalanced 
events, a conservative representation of the behavior of the motors will be observed in a positive sequence 
simulation study. 

                                                           
17 See Chapter 1 discussion on this particular limitation. 
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Figure 18: Without DERs, comparison of system response comparison of the system response at bus 3 (left), bus 4 (middle), 

and bus 18 (right) between EMT and positive sequence platform for an L-G fault with creation of load pocket 
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Figure 19: Without DERs, comparison of system response comparison of the system response at bus 3 (left), bus 4 (middle), 

and bus 18 (right) between EMT and positive sequence platform for an L-G fault with creation of load pocket, after re-
parameterization of positive sequence model 
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Figure 20: With DERs and momentary cessation threshold of 0.5pu and DERs providing dynamic voltage support, 

comparison of the system response at bus 3 (left), bus 4 (middle), and bus 18 (right) between EMT and positive sequence 
platform for an L-G fault with creation of load pocket, after re-parameterization of positive sequence model 
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Use Case 2 – Modeling in Aggregate over Full Distribution System 
If aggregated models are to be used for assessing the impact of DERs, then we need to identify under what conditions 
deficiencies arises. Are these deficiencies edge cases or categorized under larger classes18 of cases? T&D co-
simulation is a tool that can be used for this baseline comparison against state-of-the-art transmission only 
simulation. This use case is designed to provide insights to questions such as:  
 

• Do we need T & D co-simulation tool?  
• Are aggregated models adequate under the scenarios of interest?  
• Is hybrid simulation, where only a portion of the system is represented in detail, a viable trade-off between 

full model co-simulation and aggregated models? 
 
Response of a model largely depends on its parameters. This is true for both aggregated models as well as for detailed 
model representation. However, for aggregated models this becomes even more important considering different 
operational characteristics19 combined into a single/few aggregated models. This use case uses suggested DER_A 
model parameterization while accounting for range of permissible values as defined in different interconnection 
standards for different scenarios, and compares the result against T&D co-simulation to quantify the differences. The 
goal is to understand when the differences are large enough to warrant a reparameterization of DER_A model and 
establish under what conditions, if any, T&D co-simulation might be needed. The use case also evaluates if there are 
alternate ways of representing the existing models to enable state-of-the-art aggregate models to effectively capture 
the characteristics of the detailed model to the best extent possible. While the suggestions are not universal, the 
hope is that the use case will provide better insights and a solid methodology to follow for future analysis. 
 
The studies presented below were conducted on a modified version of 68-bus, 5-area test system as described in 
reference 7 in Appendix B. Different scenarios are created by modifying the default base case with different levels of 
solar penetration. All the loads are modeled as composite load model with model parameters obtained from a load 
model data tool developed in reference 8 in Appendix B. It should be noted that the model parameters do not 
represent a particular area/scenario but are randomly picked manually from the tool. The selected parameters 
remain consistent across all loads and across all scenarios. Renewable generation is modeled using standalone DER_A 
model on a non-load serving feeder, whose parameters are obtained from previous SPIDERWG reliability guideline 
on the DER_A model20. Rationale along with the modified parameter and its value is provided whenever parameter(s) 
are modified from the values given in the guideline document for a particular study. 
 
The study has three phases. In phase one a subset of load buses (i.e., buses 39, 44, and 49) in the New York power 
system were replaced with an equivalent distribution system representation using the IEEE 123-node test system. 
While in phases two and three, all load buses are replaced with the same distribution system equivalent as in phase 
one. This setup allows the evaluation of a hybrid approach where a portion of the system is replaced with a detailed 
model to help identify edge cases.  At a high level, phase one establishes confidence in the comparisons, for instance, 
does the initial conditions match – a necessary condition before any meaningful comparison can be made. In addition, 
it also provides an opportunity to look at limited area of interest and understand the differences between T-only and 
T&D co-simulation. In phase two, DER modeling is studied in detail, particularly that of mixed vintage cases. In phase 
three the study is setup in a manner that is complementary to phase two. 
 

                                                           
18 E.g., greater than 30% DER penetration relative to feeder peak load. 
19 E.g., different interconnection standard for DERs.  
20 https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_A_Parameterization.pdf  

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_A_Parameterization.pdf


Chapter 2: Potential Use Cases for Transmission and Distribution Co-simulation 
 

NERC | Technical Reference Document: Beyond Positive Sequence RMS Simulations for High DER Penetration Conditions | June 2022 
23 

In addition to the conventional comparison, this study also views the comparison results from a control theory 
perspective. The premise of the study is that if the different setups21 start from the same operating point, transition 
through a disturbance22, and settle at a post disturbance equilibrium point adequately close to each other, then the 
aggregated model was determined to behave in a similar manner to the co-simulation model. Hence, the SPIDERWG 
made comparisons not only in the transient period of interest, but the pre and post disturbance equilibrium points 
as well. 
 
For the co-simulation case, each transmission-distribution interface (T&D Interface) as seen from the transmission 
system perspective has two loads: one represented using a composite load model and the other represented using a 
distribution system.  The transmission only model, in comparison, uses a single composite load model. While this 
might seem counter intuitive, the distribution feeder in this case is used to represent the static load portion of the 
composite load model with appropriate parameters for ZIP loads. The static load portion is assumed to vary between 
60 percent of the total load. A detailed model of DERs is placed randomly across the length of the feeder. Note that 
the DER placement is not uniformly random. That is, the DERs are not placed equally spaced across the length of the 
feeder. While the detailed model of DER that is connected to the distribution system is fundamentally different from 
DER_A model, it still has exact same ride through logic and the ride through parameters used are the same for a given 
standard. Since the primary purpose of this study is to compare the post-disturbance equilibrium point, what matters 
in the case of DERs is whether they remain online or trip following a disturbance.  
 
Phase One 
In Phase One, the NERC SPIDERWG took three different scenarios and varied the solar PV penetration up to 18% at 
particular buses in the system. Further, the NERC SPIDERWG provided some high level observations for this particular 
phase for TPs and PCs to use when determining their own efforts and initiatives. The major question to be answered 
is if a hybrid setup is sufficient to catch edge cases for a full system co-simulation model opposed to a typical, positive 
sequence approach. 
 
Phase one, Scenario one – No solar penetration 
To establish comparable setups, the phase starts with a no solar penetration case. A 6-cycle three-phase fault at bus 
49 is applied at t=0.2 seconds and cleared at t=0.3 seconds As shown in Figure 20 to  Figure 23, trajectories look 
similar across the cases at buses 39 and 44. Notice the pre-fault condition comparison that establishes confidence 
that the initial conditions are very similar across the setup and the post disturbance steady state solution being 
relatively close. Buses 39 and 44 are electrically distant from fault location at bus 49, also indicated by the relatively 
smaller drop in voltage magnitude as shown in Figure 23. The trajectory at the fault bus 49 shows difference between 
the two setups after the fault is cleared as shown in Figure 22. Unlike at bus-39 and 44, the trajectories begin to 
diverge once the fault is cleared and the post disturbance steady state value is considerably different. 
 

                                                           
21 i.e., aggregated transmission only simulation and co-simulation 
22 Such a disturbance may or may not result in outages.  
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Figure 21: Pre-disturbance net real power demand comparison for bus-39 (left) and the 

transient response (middle) with a complete simulation view (right).  

 
Figure 22: Results for bus-44 for the same scenario and setup described in Figure 20. 

 
Figure 23: Results for bus-49 for the same scenario and setup described in Figure 20.  

 
Comparison of the voltage trajectories show similar behavior, buses 39 and 44 have pre and post disturbance steady 
state solution that are near identical while bus-49 shows a comparatively higher deviation as shown in Figure 23. 
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Figure 24: Comparison of voltage magnitude trajectory across buses 39, 44 and 49 (top) and 

Voltage magnitude at the end of simulation (bottom) for scenario one. 
  

Phase one, Scenario two – 6 percent solar penetration at buses 39, 44 and 49 
The setup for this case is the same as phase 1, scenario 1 with 6 percent of load at buses 39, 44 and 49 being replaced 
with DERs. The conventional generators, all 16 of them, had their inertia constants reduced equally based on the 
percentage of load that was replaced. Given the fact that we do not know which of the conventional generators will 
be committed, it is reasonable to assume that the system wide inertial reduction will be approximately equal. As 
before, there are two load identifiers at the said buses, one for composite load model that has 40 percent of the 
loading and the other is 60 percent of the load is represented through distribution feeders. Ten percent of the feeder 
load is supplied by solar generation, which translates to six percent reduction in net load as seen from the 
transmission side. Figure 24, Figure 25, and Figure 26 describe the trajectory of buses 39, 33, and 49, respectively, in 
the simulation for the same 6-cycle fault at bus 49. The trajectories of all buses follow similar patterns to the no solar 
case, scenario one. Figure 27 shows the comparison of all buses monitored, with similar trajectories as scenario one. 

 
Figure 25: Net real power demand comparison for bus-39.  

 

 
Figure 26: Results for bus-44 for the same scenario and setup described in Figure 24. 
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Figure 27: Results for bus-49 for the same scenario and setup described in Figure 24.  

 

 

 
Figure 28: Comparison of voltage magnitude trajectory across buses 39, 44 and 49 (top) and 

Voltage magnitude at the end of simulation (bottom) for scenario two. 
 
Phase one, Scenario three – 18 percent solar penetration at buses 39, 44 and 49  
This setup follows the same pattern as phase 1, scenario 2. In this case, the solar penetration at buses 39, 44 and 49 
is raised to 18 percent. As seen in Figure 28, the increased solar penetration results in slightly larger difference in pre-
disturbance condition. The trajectories, however, follow similar pattern to the no solar and 6-percent solar 
penetration case. This is true also for buses 44 (Figure 29) and 49 (Figure 30). As with the other scenarios, Figure 31 
supplies the comparison between buses 39, 33, and 49 for the entire simulation. Co-simulation studies with higher 
penetration of renewables, which implies larger changes to base case, have shown that there is a correlation between 
this difference and level of renewable penetration. There are a number of numerical challenges that result in this 
difference. The primary of which is non-zero derivative values for state variables at t=0. Nonetheless, given adequate 
time in the order of few seconds, the co-simulation setup reaches a steady state point that is comparable with 
aggregated transmission only results. 
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Figure 29: Net real power demand comparison for bus-39.  

 
Figure 30: Results for bus-44 for the same scenario and setup described in Figure 28 

 
Figure 31: Results for bus-49 for the same scenario and setup described in Figure 28.  
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Figure 32: Comparison of voltage magnitude trajectory across buses 39, 44 and 49 (top) and 

Voltage magnitude at the end of simulation (bottom) for scenario three. 
 
Observations from phase 1 studies 
While the number of scenarios are not statistically significant to make concrete observations, the fact that the results 
across different solar penetration scenarios follow a similar pattern allows SPIDERWG to make the following 
observations when comparing aggregated transmission only simulation with co-simulation. 

• Buses that are electrically distant from disturbance location tend to show a behavior that is very similar during 
the disturbance and their post-disturbance steady state values are also similar. 

• Buses that are close to the disturbance location show a behavior that is different to warrant further 
examination through co-simulation. 

Phase Two 
SPIDERWG explored a different objective with the simulations performed in phase two of their investigation. Some 
of the high level objectives to be answered in phase 2 are:  

• Phase 2 will allow to further examine whether a hybrid approach as described in phase 1 is a reasonable 
setup with regards to determining the edge cases. 

• Help validate if the patterns observed in phase 1 hold true in phase 2. 
• Explore different ways in which DERs can be represented such that the aggregated approach (i.e., using 

DER_A) produces results that are comparatively closely aligned with the detailed model. 

 

Table 3 shows low voltage ride through parameters used in phase 2 for DER_A model. DERs used in T&D co-simulation 
used the same parameters as that of 1547-2003 and 1547-2018. DERs used in T&D co-simulation are modeled 
individually using IEEE 1547-2003 and 1547-2018 interconnection standards using the same parameters for the 
appropriate zones as shown in Table 3. Similar to phase 1, the emphasis is on pre- and post-disturbance equilibrium 
condition to compare positive sequence tools versus “beyond positive sequence” methods.  

 
Table 3: Low voltage ride through parameters used in phase 2 

Scenario Standard vl0 vl1 tvl0 tvl1 

1 30% 2003 – 70% 
2018 

0.44 0.49 0.16 0.16 

2 1547-2003 0.5 0.55 0.16 0.16 
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 1547-2018 0.3 0.35 0.16 0.16 

 

Phase 2, Scenario 1 – 10 percent system w ide solar penetration w ith mixed vintage of DERs 
Represented w ith single DER_A 
Phase 2 comparison revolves around DER representation in transient stability studies. For the transmission only 
simulation, the modeled DER is represented using a single DER_A model with parameters from previous SPIDERWG 
reliability guideline on DER_A parameterization23. For co-simulation case, each transmission-distribution interface as 
seen from the transmission systems perspective has two loads – one represented using a composite load model and 
the other represented using a distribution system. In comparison, for the transmission only model a single composite 
load model is used. While this might seem counter intuitive, the distribution feeder in this case is used to represent 
the static load portion of the composite load model with appropriate parameters for ZIP loads. The static load portion 
is assumed to be 50 percent of the total load24. A detailed model of DER is placed randomly across the length of the 
feeder. Unlike phase 1, where a small subset of buses were modeled with distribution feeder, phase 2 models every 
T-D interface except for buses 3, 17, 18 and 64 due to the inability to match generic feeders to match T-D interface 
conditions25. 
 
In this scenario, a fault is placed at bus 41 for 250 ms. This long fault is representative of a large disturbance as bus 
41 has 1000 MW and 250 MVAR of load. The fault impedance is adjusted to ensure that the voltage magnitude is 
right at the boundary between the lower most voltage zones defined for IEEE 1547-2003 (V<0.5) and IEEE 1547-2018 
category II (V<0.3). This setup allows evaluation of DER_A representation when vl0 parameter between the standards 
represented in the mixed vintage case are different. Note that the tvl0 (160 ms) parameter is the same for both the 
standards. Figure 32 demonstrates the differences between the positive sequence results in comparison to the 
results for a co-simulation model at bus 41. As bus 41 has 100 MW of DER generation (10 percent of bus 41’s load), 
the total DER generation was plotted in Figure 33 to investigate and compare results from a beyond positive sequence 
tool. Further notice in the figures that the initial condition between the two cases are approximately the same. The 
post disturbance condition for net load is different for buses that are close to the disturbance – an observation that 
is consistent with phase 1 results. 

 

                                                           
23 Available here: https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_A_Parameterization.pdf  
24 The choice of composite load model parameters does not impact the findings of this section due to the fundamental nature of the timer logic 
modeled. The number chosen here was based on analysis of generated data sets. 
25 This is a limitation due to high quality data being available on the distribution side to match the response of the modeled feeders to measured 
data.  

https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_DER_A_Parameterization.pdf
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Figure 33: Comparison of net load and voltage magnitude trajectory for bus 41 when mixed 
vintage of DERs. The dashed line represents the filtered voltage seen by DER_A model. 

 

 

 

 

Figure 34: Comparison of total DER response (top), individual DER response (middle), and id 
and iq plots of the DER_A model (bottom) at bus 41 for mixed vintage of DERs.  

 



Chapter 2: Potential Use Cases for Transmission and Distribution Co-simulation 
 

NERC | Technical Reference Document: Beyond Positive Sequence RMS Simulations for High DER Penetration Conditions | June 2022 
31 

Phase 2, Scenario 2 – 10 percent system w ide solar penetration w ith mixed vintage of DERs 
Represented w ith two DER_A models 
In scenario 2, the setup is the same except for the fact that in transmission only simulation, two DER_A models were 
used at each node instead of one DER_A model as in scenario 1. Specifically, 30 percent of the DER generation is 
modeled using DER_A model using IEEE 1547-2003 standard and 70 percent using IEEE 1547-2018 category II 
standard at each bus using a unique identifier for each. This representation allows to model DER_A with the right set 
of parameters without the need to find suitable parameters for mixed vintage case. The increase in computation 
complexity is incremental and since the studies are done offline, greater accuracy over speed can be chosen26. It is 
worth mentioning that the total DER capacity in scenarios 1 and 2 are the same. The comparison of net load and 
voltage magnitude is shown in Figure 34. Notice the post-disturbance steady-state point operating closer to the T&D 
co-simulation plot than as seen in phase 1 (Figure 32 that can be attributed to a greater matching of DER output 
between T-only and T+D simulations. As in scenario one of this phase, Figure 35 plots the relevant generation 
quantities of both aggregate DER models versus a T&D co-simulation. Notice that the aggregated response matches 
with individual representation in T+D co-simulation. The filtered voltage seen by the DER model (solid line) and the 
simulated substation voltage (dashed line) is shown for comparison.  
 

 

 

Figure 35: Comparison of net load and voltage magnitude trajectory for bus 41 when mixed 
vintage of DERs.  

                                                           
26 Studies for decisions in the operational, online timeframe may not be able to perform such separation of one larger aggregation into a 
number of smaller aggregations. 
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Figure 36: Comparison of aggregated DER output at bus 41 for mixed vintage of DERs. The 
total DER output (top), individual DER model behavior (middle) and filtered voltages 

(bottom) are shown.  
 
Figure 36 shows the id and iq commands sent to the DER_A model for this scenario for both aggregations (that is, 
both the aggregation parameterized for IEEE 1547-2003 and IEEE 1547-2018). Figure 37 plots the net load and voltage 
magnitude at bus 42 in the simulation. Bus 42 is electrically distant from disturbance location (bus 41). Similar to 
phase 1 results, the difference in post disturbance equilibrium points are closer when the bus is electrically distant 
from fault location. Notice, however, the oscillation in Figure 38, which is a plot showing the aggregated output of 
DERs at bus 42. This oscillation was only seen in the positive sequence representation only, and with the co-simulation 
model was demonstrated to not occur for the same disturbance. This is a good scenario in which a beyond positive 
sequence tool was appropriate for use in studying a transmission system with respect to the impact of aggregate 
DER. 
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Figure 37: Comparison of DER_A id and iq modeled using 1547-2003 and 1547-2018 
standards at bus 41. 

 

 

 

Figure 38: Comparison of aggregated DER output at bus 42 for mixed vintage of DERs.  
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Figure 39: Comparison of aggregated DER output at bus 42 for mixed vintage of DERs  
 
Phase Three 
After the conclusion of phase two of SPIDERWG’s study, there was a question raised to the validity of the observations 
in phase 2 holding for differences in the time to trip over the change in voltage trip threshold. That is, does the 
observation seen in phase 2 hold when vl0 and vl1 are reset27 back to guideline values? 
 
In phase 2, SPIDERWG examined the impact of having different voltage settings (i.e. vl0 and vl1) but used the same 
timer settings for mixed vintages of DER where DERs are modeled using DER_A model. In phase 3, SPIDERWG 
investigated the same setup while resetting the voltages back to guideline parameters28. Specifically tvl0 was set at 
80 and 160 ms for 1547-2003 and 1547-2018 standards respectively. In this scenario, a fault is placed at bus 41 for 
150 ms. Table 4 shows low voltage ride through parameters used in phase 3 for DER_A model. DERs used in T&D co-
simulation are modeled individually using IEEE 1547-2003 and 1547-2018 interconnection standards using the same 
parameters for the appropriate zones as shown in Table 4. 
 

Table 4: Low voltage ride through parameters used in phase 3 

Scenario Standard vl0 vl1 tvl0 tvl1 

1 30% 2003 – 70% 
2018 

0.44 0.49 0.16 0.16 

2 1547-2003 0.44 0.49 0.08 0.16 

                                                           
27 i.e. same vl0 and vl1 for 1547-2003 and 1547-2018 standards while tvl0 parameter is different. 
28 i.e. same vl0 and vl1 between 1547-2003 and 1547-2018 standards but allowing different timer settings 
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2 1547-2018 0.44 0.49 0.16 0.16 

 

Phase 3, Scenario 1 – 10 percent system w ide solar penetration w ith mixed vintage of DERs 
Represented w ith single DER_A 
As with the other phases, the net load and voltage magnitude are compared at bus 41 in Figure 39. The dashed line 
in the figure represents the filtered voltage seen by DER_A model. As in the other phases, Bus 41 has 100 MW of DER 
generation, which is 10 percent of load at bus 41. As such, the total DER output and relevant generation comparisons 
were graphed in Figure 40. 

 

 

Figure 40: Comparison of net load and voltage magnitude trajectory for bus 41 with mixed 
vintage of DERs 
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Figure 41: Comparison of aggregated DER output at bus 41 for mixed vintage of DERs. The 
total DER response (top), individual DER response (middle) and the iq and id commands 

(bottom) are plotted.  
 

Phase 3, Scenario 2 – 10 percent system w ide solar penetration w ith mixed vintage of DERs 
Represented w ith two DER_A models 
In the second scenario studied in phase 3, SPIDERWG took the single DER model in scenario one of this phase and 
performed the same split into two DER_A models in the transmission only model. The results of the net load and 
voltage magnitude at bus 41 is shown in Figure 41. In the top right of the figure (comparing the net load), notice the 
post-disturbance steady-state point being closer to T+D when compared to phase 2, scenario 1 (Figure 32). Part of 
this reason can be attributed to the DER output matching between T-only and T+D. As with the other phases, bus 41 
has 100 MW of DER generation which is 10 percent of load at bus 41. Figure 42 plots the total DER generation and 
relevant parameters for comparison at bus 41. Notice that the aggregated response matches with individual 
representation in T+D co-simulation. The bottom plot in Figure 42 shows the filtered voltage seen by DERs in 
distribution system (solid line) and the substation voltage (dashed line) is shown for comparison. Figure 43 shows the 
id and iq commands for the DER model at bus 41. Figure 44 compares the net load and voltage magnitude at bus 42. 
Bus 42 is electrically distant from disturbance location when compared to Bus 41. Similar to phase 1 results, the 
difference in post disturbance equilibrium points are closer when the bus is electrically distant from fault location, as 
seen in Figure 44. This is confirmed by the plot of total DER generation at bus 42 in Figure 45. 
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Figure 42: Comparison of net load (top) and voltage magnitude (bottom) trajectory for bus 
41 when mixed vintage of DERs.  
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Figure 43: Comparison of aggregated DER output at bus 41 for mixed vintage of DERs. The 
total DER response (top), individual DER response (middle), and filtered voltages (bottom) 

are plotted.  

 

 

Figure 44: Comparison of DER_A id and iq modeled using 1547-2003 and 1547-2018 
standards at bus 41.  
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Figure 45: Comparison of aggregated DER output at bus 42 for mixed vintage of DERs  

 

 

Figure 46: Comparison of aggregated DER output at bus 42 for mixed vintage of DERs.  
 

Potential for EMT Simulations 
The above sections discussed use cases are informative to describe when to move into a “beyond positive sequence” 
tool; however, there is cause to determine if a Transmission Planner can perform an EMT study with information at 
hand. The following points and checklist are provided to assist in determining the pursuit of an EMT study: 
 

• Data Increase – Am I prepared to handle anywhere from two times to ten times (if not more) of extra data 
to model the local area? 

• Time to Study – Am I prepared to handle any snags that could delay29 the study? 
• Hardware support – Am I able to support multithreading and parallelization without external scripts? Is my 

hardware capable of simulating many individual models in parallel? 

                                                           
29 SPIDERWG members have seen a delay for large cluster EMT studies take 4 to 6 months. 
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• Personnel support – Do I have enough engineers with technical expertise to run this study? Do I have a 
consultant and what cost does that impose? 

• Coding and Scripting  
o Am I able to support easy, passive model building? 
o Can I acquire robust scripting APIs? 
o Am I able to use fast and accurate solution methods such that no numerical instabilities occur? 

• Modeling Support – Do I have a robust model vetting and acceptance requirement so that model problems 
do not propagate into the study?  

 
To help identify cases where high DER penetrations might warrant an EMT study, the following two major scenarios 
below are provided as indicators. 
 

1. The local area load is coincident with, highly served by DER penetration, and does not rely on transmission 
to deliver. 

2. The local area DER is near a BPS-connected IBR facility. Here, it is important to understand local interactions 
and impact that may occur between the DER and the IBR facility. 
 

 
Key Observations 
The NERC SPIDERWG had the following key observations when investigating the use cases for going “beyond positive 
sequence” by using a T&D co-simulation tool: 

• Buses that are electrically distant from disturbance location tend to show a behavior that is very similar during 
the disturbance and their post-disturbance steady state values are also similar. 

• Buses that are close to the disturbance location show a behavior that is adequately different to warrant 
further examination. 

o This observation is consistent across both phase 1 and 2 results.  
o While this difference can be attributed to a) modeling difference between T-only and T+D co-

simulation, b) implementation – class and type of numerical method used c) other implementation 
details such as load model changes at low voltage to aid in numerical convergence. Further 
investigation is needed for point a, while points b and c cannot be investigated without vendor 
support. 

• Aggregated DER representation using DER_A model was adequate under the tested conditions.  
o Partial trip characteristics of DER_A works adequately well under tested conditions. 

 Partial trip characteristics were studied. The voltage zone between vl0 and vl1 i.e. vdrop 
ranges from 2-8% with a reasonable value of 5%. Differences because of partial trip 
characteristics can arise at a given DER_A model if voltage is within this zone and if the DERs 
are not linearly distributed along the length of the feeder. Even under such conditions the 
difference will be marginal and is dependent on how the DERs are distributed in the feeder. 

o Mixed vintage of DERs 
 Mixed vintages of DERs can be represented using a single DER_A model with appropriate 

parameters when voltage and frequency zones, and associated timers involved are the same 
between the different standards that are being represented. 

 In the event that the voltage and frequency zones are different such as the one presented in 
phase 2 results, there can be difference in the observed DER behavior. Within this context, 
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the observed behavior implies the amount of power produced by the DERs in post 
disturbance steady state condition. 

 In the event that the timers associated with voltage and/or frequency zones are different 
such as the one presented in phase 3 results, there can be difference in the observed DER 
behavior. Within this context, the observed behavior implies the amount of power produced 
by the DERs in post disturbance steady state condition. 

 For completeness, the scenario where both voltage zones and timers associated with it are 
different was also studied i.e. combination of phase 2 and 3. The observation made in phase 
2 and 3 holds. 

 The above issue is not a limitation of DER_A model but rather a limitation of how DER_A is 
represented under mixed vintage scenario. This issue can be mitigated by modeling DER_A 
individually as shown in phase 2 and 3, scenario 2 results. 

 In general, modeling different voltage and/or frequency zones with different timers between 
the standards that make up mixed vintage scenario, for example 30% 1547-2003 and 70% 
1547-2018 standards, with a single mixed vintage model is difficult. 

• Based on fundamental understanding of the models and their representation, backed by limited but 
significant results, it is reasonable to explore alternative ways to represent existing models within the existing 
positive sequence simulation tools. 

o For these analysis, it is important to have a detailed model to compare against. T&D co-simulation 
tools satisfy this requirement. 

• While Engineering judgement is a viable tool, leveraging approaches such as T&D co-simulation to 
understand aggregate model usage, representation, and parameterization will further our understanding of 
the system behavior and additionally augment our engineering judgement. 

• It is worth pointing out that the results provided here for the mixed vintages of DERs scenarios does not rule 
out the possibility of a set of parameters that will result in appropriate response of single DER_A model used 
to represent mixed vintages. The rationale to explore alternative means of modeling stems from, 

o Potential challenge in deriving generic and universal parameter values, especially the parameters 
associated with voltage and/or frequency zones and associated timers. 

o Simulation of scenarios where there could be more than two interconnection standards in mixed 
vintages of DERs. Here, while engineering judgement could be used with the use of a single DER_A 
model to provide a transmission planner with the trend of the response, need for increase accuracy 
in simulation results can warrant use of multiple DER_A models. 
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Appendix A: Survey of Existing and Ongoing Tools That Can 
Address Identified Challenges and Their Capabilities & 
Limitations 

 
If the comparison and the subsequent observations made in the previous sections is of interest, then this appendix 
serves as a summary of an industry survey of Beyond Positive Sequence tools. This survey gives an overview of 
available open source and commercial software and their current development status. The listed software falls under 
both current state-of-the-art and beyond positive sequence categories at time of publishing. Further efforts in the 
industry may yield tools that expand, improve, or alter this table in the future. 
 
 

Name Developer Main Components Status Capabilities 
GridSpice30 Stanford 

University 
MATPOWER - bulk power 
system simulation and 
analysis 
GridLAB-D - distribution 
system simulation 

No active 
development or 
update in last 5 
years. 

Open source. Steady-state 
simulation only; no dynamic 
simulation capabilities, 
capable to be used with 
distributed computing, 
allows Python based 
scripting. 

Framework for 
Network Co-
Simulation 
(FNCS)31 

PNNL PowerFlow – PNNL’s inhouse 
transmission grid simulator 
GridLab-D - distribution 
system simulation 
ns-3 – communication 
network simulator 

Available to 
download as use 
from Github. No 
recent update in 
last 2 years 

Open source. Steady-state 
simulation only; no dynamic 
simulation capabilities. 

Integrated Grid 
Modeling 
System (IGMS)32 

NREL FESTIVE - wholesale markets, 
UC and AGC 
MATPOWER - bulk AC power 
flow 
GridLAB-D -  distribution 
system simulation 

On-going 
development 

Open source. Steady-state 
simulation only; no dynamic 
simulation capabilities. 

T&D dynamics 
analysis tool33 

IIT TS3ph - A new solution 
technique that solves the 
transmission-distribution 
system equations 
simultaneously 

On-going 
development 
for three years 

Proprietary. Dynamic 
simulation only. 

TDcoSim34 ANL Transmission simulator - 
PSSE 
Distribution simulator – 
OpenDSS 
T&D interface written in 
Python. 

On-going 
development 

Open source. Steady-state 
and dynamic simulation 
capable; 

                                                           
30 https://tomkat.stanford.edu/fellowships/seed-grants/gridspice-virtual-platform-modeling-analysis-and-optimization-smart-grid 

31https://controls.pnnl.gov/research/project_2_5.stm#:~:text=FNCS%2C%20pronounced%20%22phoenix%2C%22,and%20inter%2Dsimulator
%20message%20delivery.  
32 https://www.nrel.gov/docs/fy16osti/65552.pdf 
33 https://www.mcs.anl.gov/~abhyshr/downloads/papers/HiPCNA2011-2.pdf?origin=publication_detail 
34 https://github.com/tdcosim/TDcoSim 

https://tomkat.stanford.edu/fellowships/seed-grants/gridspice-virtual-platform-modeling-analysis-and-optimization-smart-grid
https://controls.pnnl.gov/research/project_2_5.stm#:%7E:text=FNCS%2C%20pronounced%20%22phoenix%2C%22,and%20inter%2Dsimulator%20message%20delivery
https://controls.pnnl.gov/research/project_2_5.stm#:%7E:text=FNCS%2C%20pronounced%20%22phoenix%2C%22,and%20inter%2Dsimulator%20message%20delivery
https://www.nrel.gov/docs/fy16osti/65552.pdf
https://www.mcs.anl.gov/%7Eabhyshr/downloads/papers/HiPCNA2011-2.pdf?origin=publication_detail
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Name Developer Main Components Status Capabilities 
Three-phase 
Dynamic 
Analyzer 
(TPDA)35 

Virginia 
Tech 

TPDA uses a sequential or 
partitioned method for 
solving the DAEs; the 
differential equations are 
solved using the trapezoidal 
method as implemented in 
the ode23t function of 
MATLAB while the 
Distributed Engineering 
Workstation (DEW®) 
software is used to solve the 
algebraic equations. 

Existing Proprietary. Capable of 
simulating combined 
transmission and distribution 
networks due to its ability to 
model three-phase 
unbalanced networks. 
Capable of performing 
dynamic simulations.  

PSS®SINCAL36 SIEMENS T&D combined tool capable 
of imbalance fault 
calculations 

Existing It can model and simulate 
multi-phase radial as well as 
meshed networks, which are 
applicable to both T&D 
networks. Capable of steady-
state, dynamic, and EMT 
simulations. It comes with a 
comprehensive library of 
T&D components and 
controls. Not sure about the 
scalability of the tool. 

DigSILENT 
PowerFactory37 

DigSILENT T&D combined modeling and 
simulation tool capable of 
balanced and unbalanced 
RMS and EMT simulation 

Existing Capable of multi-core 
simulation in a T&D co-
simulation framework. 
Natively models T and D side 
and scalable to ~100s of 
1000s of buses. 

OpenDSS38 EPRI T&D combined tool (although 
primarily used for unbalanced 
distribution simulations now) 

Existing Typically used for unbalanced 
distribution system, this tool 
does allow for similar above 
T&D co-simulation 
capabilities. 

EMTP_RV39 EMTP 
Alliance 

EMT tool capable of 
transmission and distribution 
system modeling. Not 
recommended by software 
vendor for co-simulation due 
to cycle delay between RMS 
and EMT 

Existing Production grade EMT tool. 
Can simulate both 
transmission and distribution 
systems with proper 
modeling. Can scale based on 
CPU availability, so more 
CPUs available decreases 
computation time to a 
certain extent. 

                                                           
35 https://vtechworks.lib.vt.edu/bitstream/handle/10919/74234/Jain_H_D_2017.pdf 
36 https://new.siemens.com/global/en/products/energy/energy-automation-and-smart-grid/pss-software/pss-sincal.html 
37 https://www.digsilent.de/en/powerfactory.html 
38https://www.epri.com/pages/sa/opendss#:~:text=OpenDSS%20is%20an%20electric%20power,grid%20integration%20and%20grid%20mod
ernization. 
39 https://www.emtp.com/ 

https://www.emtp.com/
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Name Developer Main Components Status Capabilities 
PSCAD40 Manitoba 

Hydro 
EMT tool capable of 
transmission and distribution 
system modeling. Co-
simulation capable if 
modeled natively and 
dependent on T system if not 
native. 

Existing Production grade EMT tool. 
Can simulate both 
transmission and distribution 
systems with proper 
modeling. Has scalability 
depending on expertise of 
software. 

 

Grid Spice26 
Developer Stanford University 
Usage Grade Research and Educational 
License Type Open Source 
T-system Simulator MAT Power 
D-system Simulator GridLAB-D 
Communication Simulator Not available 
Market Simulator Mentioned as ongoing work as of 2014 
Distribution Management System Simulator  Not available but allows integration with 

DMS software 
Simulator Capabilities 

Unbalanced T System Simulation Not available 
Steady State Simulation Capable 
Dynamic Simulation Not available 
Protection Simulation Not available 
Distributed Computing Available 
EMTP Simulation Not available 
Standalone software No; cosimulator that requires Gridlab-D 

and MATPower 
Scalability reported as highly scalable due to “loose 

coupling” between simulators and as 
simulators are CPU bound [ref] 

 
 

Framework for Network Co-Simulation (FNCS) 27 
Developer Pacific Northwest National Laboratory 
Usage Grade Research 
License Type Open Source 
T-system Simulator PowerFlow/MATPOWER 
D-system Simulator GridLAB-D 
Communication Simulator ns-3 
Market Simulator Transactive Energy System Platform (TESP) 
Distribution System Management Simulator  GridAPPS-D 

Simulator Capabilities 
Unbalanced T System Simulation Not available 

                                                           
40 https://www.pscad.com/software/pscad/version-comparison 

https://www.pscad.com/software/pscad/version-comparison
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Steady State Simulation Capable 
Dynamic Simulation Not available 
Protection Simulation Not available 
Distributed Computing Available 
EMTP Simulation Not available 
Standalone software No; cosimulator and supports integration with 

multiple softwares 
Scalability Scales well for few thousand federates, but not 

to tens of thousands 
Integrated Grid Modeling System (IGMS) 28 

Developer National Renewable Energy  Laboratory 
Usage Grade Research  
License Type Open Source 
T-system Simulator MAT Power 
D-system Simulator GridLAB-D 
Communication Simulator Not available 
Market Simulator FESTIV 
Distribution System Management Simulator  Not available 

Simulator Capabilities 
Unbalanced T System Simulation Not available 
Steady State Simulation Capable 
Dynamic Simulation Not available 
Protection Simulation Not available 
Distributed Computing Available 
EMTP Simulation Not available 
Standalone software No; cosimulator with T+D+Market 
Scalability 1M+ buses and distributed energy resources 

 
TS3PH29 

Developer Illinois Institute of Technology 
Usage Grade Research and Education 
License Type Proprietary 
T-system Simulator TS3PH  
D-system Simulator Integration with CYME 
Communication Simulator Not available 
Market Simulator Not Available 
Distribution System Management Simulator  Not available 

Simulator Capabilities 
Unbalanced T System Simulation Capable 
Steady State Simulation Capable 
Dynamic Simulation Capable 
Protection Simulation Capable, integration with CAPE 
Distributed Computing Available 
EMTP Simulation Not available 
Standalone software Yes; can be used in cosimulator 
Scalability Scalable up to 10s of 1000s of buses for faster 

than real-time-simulation 
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TDcoSim30 
Developer Argonne National Laboratory 
Usage Grade Research and Education 
License Type Open Source 
T-system Simulator PSSE 
D-system Simulator OpenDSS 
Communication Simulator Not available 
Market Simulator Not Available 
Distribution System Management Simulator  Not available 

Simulator Capabilities 
Unbalanced T System Simulation Not available 
Steady State Simulation Capable 
Dynamic Simulation Capable 
Protection Simulation Not available 
Distributed Computing Available 
EMTP Simulation Not available 
Standalone software No; cosimulator 
Scalability 1M+ buses and 10s of 1000s of DERs 

 
Three Phase Dynamic Analyzer (TPDA) 31 

Developer Virginia Tech 
Usage Grade Research and Education 
License Type Proprietary 
T-system Simulator TPDA 
D-system Simulator OpenDSS 
Communication Simulator Not available 
Market Simulator Not Available 
Distribution System Management Simulator  Not available 

Simulator Capabilities 
Unbalanced T System Simulation Capable 
Steady State Simulation Capable 
Dynamic Simulation Capable 
Protection Simulation Not available 
Distributed Computing Not Available 
EMTP Simulation Not available 
Standalone software Yes 
Scalability Yes, due to parallel computing capabilities 
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PSSE Sincal32 
Developer Siemens 
Usage Grade Industry  
License Type Commercial 
T-system Simulator Sincal 
D-system Simulator Sincal 
Communication Simulator Not available 
Market Simulator Not Available 
Distribution System Management Simulator  Not available 

Simulator Capabilities 
Unbalanced T System Simulation Capable 
Steady State Simulation Capable 
Dynamic Simulation Capable 
Protection Simulation Capable 
Distributed Computing Not sure 
EMTP Simulation Capable 
Standalone software Yes 
Scalability Not available 

 
Digsilent Powerfactory33 

Developer Digsilent 
Usage Grade Industry  
License Type Commercial 
T-system Simulator Digsilent 
D-system Simulator Digsilent 
Communication Simulator Not available 
Market Simulator Not Available 
Distribution System Management Simulator  Not available 

Simulator Capabilities 
Unbalanced T System Simulation Capable 
Steady State Simulation Capable 
Dynamic Simulation Capable 
Protection Simulation Capable 
Distributed Computing Capable of multicore simulation 
EMT Simulation Capable 
Standalone software Yes 
Scalability ~ 100k buses 

 
OpenDSS34 

Developer EPRI 
Usage Grade Industry  
License Type Opensource 
T-system Simulator OpenDSS 
D-system Simulator OpenDSS 
Communication Simulator Not available 
Market Simulator Not Available 
Distribution System Management Simulator  Not available 

Simulator Capabilities 



Chapter 2: Potential Use Cases for Transmission and Distribution Co-simulation 
 

NERC | Technical Reference Document: Beyond Positive Sequence RMS Simulations for High DER Penetration Conditions | June 2022 
48 

Unbalanced T System Simulation Capable 
Steady State Simulation Capable 
Dynamic Simulation Capable (electromechanical) 
Protection Simulation Capable 
Distributed Computing Capable of multicore simulation 
EMT Simulation No 
Standalone software Yes 
Scalability ~ 100k buses 

 
 

PSCAD35 
Developer Manitoba Hydro International 
Usage Grade Industry 

License Type Commercial 
T-system Simulator PSCAD/EMTDC natively or using E-Tran, or PSS/E 

or PSLF using E-Tran Plus co-simulation 
D-system Simulator PSCAD/EMTDC natively or using E-Tran, or PSS/E 

or PSLF using E-Tran Plus co-simulation 
Communication Simulator N/A 
Market Simulator no 

Distribution Management System Simulator  Can support custom models, or allows integration 
with DMS software using interfacing 

Simulator Capabilities 
Unbalanced T System Simulation Capable if used natively, no if T system is done 

using co-simulation with rms tools that don’t 
support it. 

Steady State Simulation Capable 
Dynamic Simulation Capable 

Protection Simulation Capable 
Distributed Computing Capable 
EMT Simulation Capable 

Standalone software Yes, and can also interface with external rms tools 

Scalability 100s of nodes. 1000s of nodes reachable for 
specialists in the software. 

 
 

EMTP®36 
Developer PGSTech 
Usage Grade Industry 

License Type Commercial 
T-system Simulator EMTP® (co-simulation is an option but we do not 

recommend it to our users. We prefer 
recommending the multi time-step approach 
which does not introduce a cycle delay between 
RMS and EMT) 

D-system Simulator EMTP® (same answer as above) 
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Communication Simulator Not available 
Market Simulator Not available 

Distribution Management System Simulator  Allows integration with DMS software 
Simulator Capabilities 

Unbalanced T System Simulation Capable  
Steady State Simulation Capable 
Dynamic Simulation Capable 

Protection Simulation Capable 
Distributed Computing Capable 
EMTP Simulation Capable 

Standalone software Yes 

Scalability On a given number of CPUs, simulation time is ~ 
proportional to number of buses. 
In the best scenario, the simulation time may be 
divided by the number of CPU used. I practice, it is 
not the case because of communication delays 
and the difficulty to evenly load each CPU 
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Appendix B: For Further Reading 
 
The NERC SPIDERWG would like to provide the following resources as further reading for knowledge around co-
simulation and other capabilities of positive sequence software versus beyond positive sequence. 
 

1. D. Ramasubramanian, I. Alvarez-Fernandez, P. Mitra, A. Gaikwad and J. C. Boemer, "Ability of Positive Sequence 
Aggregated Distributed Energy Resource Model to Represent Unbalanced Tripping of Distribution Inverters," 2019 IEEE 
Power & Energy Society General Meeting (PESGM), Atlanta, GA, USA, 2019, pp. 1-5 

 
2. K. Anderson, J. Du, A. Narayan and A. E. Gamal, "GridSpice: A Distributed Simulation Platform for the Smart 

Grid," in IEEE Transactions on Industrial Informatics, vol. 10, no. 4, pp. 2354-2363, Nov. 2014, doi: 
10.1109/TII.2014.2332115. 

 
3. Selim Ciraci, Jeff Daily, Jason Fuller, Andrew Fisher, Laurentiu Marinovici, and Khushbu Agarwal. 2014. FNCS: 

a framework for power system and communication networks co-simulation. In Proceedings of the 
Symposium on Theory of Modeling & Simulation - DEVS Integrative (DEVS '14). Society for Computer 
Simulation International, San Diego, CA, USA, Article 36, 1–8. 

 
4. D. Ramasubramanian, I. Alvarez-Fernandez, P. Mitra, A. Gaikwad and J. C. Boemer, "Ability of Positive 

Sequence Aggregated Distributed Energy Resource Model to Represent Unbalanced Tripping of Distribution 
Inverters," 2019 IEEE Power & Energy Society General Meeting (PESGM), Atlanta, GA, USA, 2019, pp. 1-5 

 
5. Y. Liu, V. Vittal, J. Undrill, and J. H. Eto, “Transient model of air conditioner compressor single phase induction 

motor,” IEEE Transactions on Power Systems, vol. 28, no. 4, pp. 4528–4536, 2013 
 

6. Applicability of T&D CoSimulation  for Accurate Capture of Load and DER Dynamic Behavior, EPRI, Palo Alto, CA: 2020. 
3002019452 
 

7. H. Bevrani, M. Watanabe, and Y. Mitani, Power System Monitoring and Control. Appendix A: New York/New 
England 16-Machine 68-Bus System Case Study. John Wiley & Sons, 2014, pp. 249–253. 
 

8. P. Etingov and Y. Liu, "Load model data tool".[Online] Available: https://www.pnnl.gov/projects/open-
source-high-fidelity-aggregate-composite-load-models-emerging-load-behaviors-large 

 
The NERC SPIDERWG would also like to point out that the following NERC Reliability Guidelines41 are applicable to 
the development of this technical reference document and can be reviewed by any interested party:  

• NERC Reliability Guideline: Developing Load Model Composition Data, March 2019 
• NERC Reliability Guideline: Parameterization of the DER_A Model, Sept. 2019 
• NERC Reliability Guideline: Modeling Distributed Energy Resources in Dynamic Load Models, Dec. 2016 

                                                           
41 These can be accessed on the RSTC webpage available here: https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx  

https://www.nerc.com/comm/Pages/Reliability-and-Security-Guidelines.aspx
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Reliability and Security 

Technical Committee Meeting 
June 8, 2022 

June-August 2021 CAISO Solar PV Disturbance Report 

Action 
Information 

Summary 
NERC and the Regional Entities continue to analyze disturbances that involve widespread 
reductions of solar photovoltaic (PV) resources to identify any systemic reliability issues, to 
support affected facilities in developing mitigating measures, and to share key findings and 
recommendations with industry for increased awareness and action. The ongoing widespread 
reduction of solar PV resources continues to be a notable reliability risk to the BPS, particularly 
when combined with the additional loss of other generating resources on the BPS and in 
aggregate on the distribution system. This report contains the ERO analysis of four BPS 
disturbances with widespread reductions of solar PV output that occurred in the California 
Independent System Operator (CAISO) footprint between June and August of 2021. 



Agenda Item 14 
Reliability and Security Technical 

Committee Meeting 
June 8, 2022 

EMT Models in NERC MOD, TPL, and FAC Standards 

Action 
Endorse 

Reference Material 
Standard Authorization Request: EMT Models in NERC MOD, TPL, and FAC Standards 

Supporting Paper: EMT Models in NERC MOD, TPL, and FAC Standards 

Background 
The bulk power system (BPS) in North America is undergoing a rapid evolution towards high 
penetrations of inverter-based resources. Interconnection queues, interconnection studies, and 
planning assessments across all Transmission Planner (TP) and Planning Coordinator (PC) 
footprints are grappling with ensuring reliable operation of the BPS based on reliability studies 
conducted during the interconnection process and long-term planning horizon. The rapid 
growth of inverter technology has pushed conventional planning tools to their limits, in many 
ways, and TPs and PCs are now faced with the need to conduct more detailed studies using 
electromagnetic transient (EMT) models (referred to herein as “EMT studies) for issues related 
to inverter-based resource integration issues. EMT studies have been used since the mid-1970s, 
and are now commonly used for studying possible reliability issues related to the 
interconnection of inverter-based resources. 

Industry experience has shown that areas with high or increasing levels of inverter-based 
resources have a strong need to perform EMT studies to ensure reliable operation of the BPS. 
As interconnection queues are almost entirely filled with inverter-based resources in many 
areas, these issues are only likely to become more prominent and exacerbated in the future by 
growing levels of this technology. The issues presented by growing amounts of inverter-based 
resources drive the demand for EMT studies to correctly identify any possible reliability issues 
during real-time operations.  

Standard Authorization Request Vetting Process 
NERC has been analyzing widespread solar loss events for many years dating back to the Blue 
Cut Fire disturbance in 2016, and has published multiple disturbance reports documenting the 
key findings and recommendations from those analyses. More recently, NERC published the 
San Fernando report (2020), the Odessa report (2021), and the California 2021 events report 
(2022). Each disturbance report provided strong recommendations for industry action to make 
updates to enhance the NERC Standards in these areas.  

The Inverter-based Resources Performance Subcommittee (IRPS) developed the standard 
authorization request (SAR) to be submitted to the Standards Committee upon endorsement by 
the RSTC. The SAR was developed based on the findings of the NERC disturbance reports 
mentioned in the SAR and Supporting Paper. 



Furthermore, this proposed SAR addresses reliability issues identified in the NERC disturbance 
reports by accomplishing the following: 

• Ensuring that the interconnection study process is clear on the modeling and study 
requirements needed to ensure reliable operation of the BPS, inclusive of EMT modeling 
and studies (NERC FAC-002). 

• Ensuring that EMT models are available to TPs and PCs for the purposes of reliability 
studies – interconnection studies per FAC-002 and planning assessments per TPL-001 
(using MOD-032 as the modeling data standard, or a new standard if deemed necessary) 

• Ensuring that model quality issues are addressed both during interconnection studies 
(FAC-002) and during annual case creation and planning assessments (MOD-032/TPL-
001) 

• Ensuring that EMT studies are conducted by TPs and PCs during the interconnection 
study process (FAC-002) and during annual planning assessments (TPL-001) if the TP or 
PC identifies a reliability need to conduct these studies (i.e., on an as-needed basis with 
technical justification). 

  
Summary 
This SAR addresses the reliability-related need and benefit by ensuring TPs and PCs have 
accurate models necessary to adequately conduct reliability assessments under increasing 
levels of inverter-based resources. This requires the collection of EMT models by applicable 
entities and TPs and PCs to conduct EMT studies where needed. 
 
Upon endorsement, the SARs would go through the standards development process under 
Appendix 3A of the NERC Rules of Procedure.  The immediate next step would be a request that 
the Standards Committee accept the SARs for development by a standard drafting team. 



 

 
 

RELIABILITY | RESILIENCE | SECURITY 

 
Supporting Paper: EMT Models in NERC MOD, 
TPL, and FAC Standards 
NERC Inverter-Based Resource Performance Subcommittee (IRPS)  
April 2022 
 
Industry Need 
The bulk power system (BPS) in North America is undergoing a rapid evolution towards high penetrations 
of inverter-based resources. Interconnection queues, interconnection studies, and planning assessments 
across all Transmission Planner (TP) and Planning Coordinator (PC) footprints are grappling with ensuring 
reliable operation of the BPS based on reliability studies conducted during the interconnection process and 
long-term planning horizon. The rapid growth of inverter technology has pushed conventional planning 
tools to their limits, in many ways, and TPs and PCs are now faced with the need to conduct more detailed 
studies using electromagnetic transient (EMT) models (referred to herein as “EMT studies) for issues related 
to inverter-based resource integration issues. EMT studies have been used since the mid-1970s, and are 
now commonly used for studying possible reliability issues related to the interconnection of inverter-based 
resources. These inverter-based resource issues may include, but are not limited to, the following:  

• Integration of inverter-based resources into low short circuit strength networks 

• Sub-synchronous control interactions (plant-to-grid) 

• Inverter-based resource controls interactions (plant-to-plant and within the plant) 

• Inverter-based resource controls stability (large and small disturbance) 

• Benchmarking RMS positive sequence dynamic models 

• Inverter-based resource frequency and voltage ride-through capability and performance  

• Inverter-based resource short-circuit current analysis 

• Potential protection system operation 

• Power quality studies  

• Plant startup studies 

• Unbalanced power flow studies 
 
Industry experience has shown that areas with high or increasing levels of inverter-based resources have a 
strong need to perform EMT studies to ensure reliable operation of the BPS. As interconnection queues are 
almost entirely filled with inverter-based resources in many areas, these issues are only likely to become 
more prominent and exacerbated in the future by growing levels of this technology. The issues presented 
by growing amounts of inverter-based resources drive the demand for EMT studies to correctly identify any 
possible reliability issues during real-time operations.  
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To successfully accomplish these studies, TPs and PCs must gather EMT models and modeling information 
from applicable entities to build EMT cases in the areas where possible reliability issues may exist. The 
studies in which TPs and PCs may need EMT models span the interconnection study process (NERC FAC-
002) and the long-term planning studies (NERC TPL-001). TPs and PCs can establish interconnection 
requirements to ensure EMT models are provided and verified during the interconnection studies, TPs and 
PCs rely on NERC MOD-032 to gather necessary information to conduct studies in the planning horizon. 
IRPS has determined that the functional requirement to gather EMT models, on a case-by-case basis, is 
necessary for reliability assessments; however, IRPS believes the standard drafting team should determine 
whether MOD-032 should be modified or if a new NERC Standard should be developed specifically for EMT 
model collection in the planning horizon. The presented SAR describes this in more detail.  
 
Industry has also recognized that the collection of EMT models during the interconnection process is the 
most effective means of gathering these models for newly connecting facilities. Requiring EMT models after 
interconnection presents some challenges for the TP, PC, GO, and equipment manufacturers. As more 
inverter-based resources are connected to the BPS without collecting high quality EMT models for these 
facilities, the risk of future BPS reliability challenges increases. However, existing facilities may be required 
to provide an EMT model if a future reliability issue presents itself that requires an EMT study. Therefore, 
collection of EMT models in the long-term planning process is also necessary for ensuring reliable operation 
of the BPS. 
 
While each TP and PC may be at a different place regarding their need to conduct EMT studies, the collection 
of EMT models from equipment owners is needed early. Industry has highlighted that collecting high quality 
EMT models of the generation fleet after-the-fact (e.g., after a large-scale outage) poses significant 
challenges and risks to successfully conducting EMT studies. Further, some TPs may need to conduct EMT 
studies for every interconnection today while others may only need to conduct EMT studies for specific 
localized areas or issues (e.g., SSR issues or low short-circuit strength areas). Therefore, IRPS believes TPs 
and PCs need assurance that they can gather suitable models to build EMT study cases when needed, and 
should ensure that appropriate EMT studies are conducted in areas where existing positive sequence 
dynamic studies are not adequately identifying possible reliability issues.  
 
Drivers for EMT Modeling and Study SAR 
NERC has been analyzing widespread solar loss events for many years dating back to the Blue Cut Fire 
disturbance in 2016, and has published multiple disturbance reports documenting the key findings and 
recommendations from those analyses. More recently, NERC published the San Fernando report (2020), 
the Odessa report (2021), and the California 2021 events report (2022). Each disturbance report provided 
strong recommendations for industry action to make updates to enhance the NERC Standards in these 
areas. Those requirements include: 
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Table 1: Recommendations from NERC Disturbance Reports 
2021 California Disturbances 

EMT Modeling and Model Quality Checks: NERC FAC-002, MOD-032, and TPL-001 should be revised to ensure that they 
adequately address the need for EMT modeling and studies during the interconnection study process and during annual 
planning assessments, as needed. As the penetration of inverter-based resources is growing across North America, all TPs 
and PCs should have clear requirements to gather EMT models at the time of interconnection and execute EMT studies to 
ensure proper ride-through performance for BPS fault events. Presently, the approaches taken by industry are leading to 
modeling and study gaps and consequently unreliable performance of inverter-based resources once interconnected. 
Furthermore, requirements specifically focused on model quality checks should be introduced to ensure that the TP and PC 
have validated the models submitted by the GO with sufficient supporting documentation to demonstrate model quality. 

Odessa Disturbance 

Requirements for Accurate EMT Models at Time of Interconnection: The existing NERC FAC-001 and NERC FAC-002 
standards provide too much leverage and have led to inconsistency in how TPs and PCs are gathering modeling information 
and conducting interconnection studies. As the penetration of inverter-based resources is growing across North America, all 
TPs and PCs should have clear requirements to gather EMT models at the time of interconnection and execute EMT studies 
to ensure proper ride-through performance for BPS fault events. Presently, the approaches taken by industry are leading to 
modeling and study gaps and consequently unreliable performance of inverter-based resources once interconnected. The 
FAC-001 and FAC-002 standards more clearly align with the FERC GIP and GIA to clearly specify the models required and the 
studies to be conducted at the time of interconnection. 

Update to NERC MOD-032 to Include EMT: The NERC MOD-032 standard is used by TPs and PCs to ensure appropriate 
models for performing system studies are provided by equipment and data owners. Presently, it is unclear how EMT models 
are treated in this standard and this lack of clarity needs to be addressed with a standard revision. EMT models should be 
made available by GOs to ensure system studies are conducted in the planning horizon for growing levels of inverter-based 
resources, not just for newly interconnecting facilities. Larger-scale EMT studies will likely be needed in the future as 
penetration levels continue to rise. 

Updates to Ensure Model Quality Checks and Model Improvements: GOs need to provide accurate models to the TPs and 
PCs based on existing requirements. A feedback loop to ensure model accuracy (for any type of model) is only an optional 
specification in the existing MOD-032 standard. Model quality checks should be conducted by all TPs and PCs, and any 
modeling errors should be addressed by the equipment owner (i.e., the GO) in a timely manner. Model quality reviews should 
include more than just model usability—they should check for model parameterization issues or inconsistencies against plant 
performance to real events. 

San Fernando Disturbance (IRPWG Follow-Up Recommendation) 

Modeling and study standards (e.g., MOD and TPL) should be reviewed by IRPWG to consider the inclusion of EMT models 
for study purposes by the TP and PC. Currently these studies that would be used to identify possible tripping or abnormal 
performance from inverter-based resources are not required and are performed only in certain occasions where the TP or 
PC has identified issues with other modeling tools. However, the issues identified in these disturbances have not been 
identified or highlighted by the TPs or PCs in their respective area. IRPWG is working on an EMT modeling reliability guideline; 
however, this does not ensure any one entity actually executes EMT studies, when needed. 

 
Purpose or Goal 
This project addresses the reliability-related need and benefit by ensuring TPs and PCs have the models and 
tools necessary to adequately conduct reliability assessments under increasing levels of inverter-based 
resources. This requires the collection of EMT models by applicable entities and TPs and PCs to conduct 
EMT studies where needed. Furthermore, this proposed project addresses reliability issues identified in the 
NERC disturbance reports by accomplishing the following: 
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• Ensure that the interconnection study process is clear on the modeling and study requirements 
needed to ensure reliable operation of the BPS, inclusive of EMT modeling and studies (NERC FAC-
002). 

• Ensure that EMT models are available to TPs and PCs for the purposes of reliability studies – 
interconnection studies per FAC-002 and planning assessments per TPL-001 (using MOD-032 as the 
modeling data standard, or a new standard if deemed necessary) 

• Ensure that model quality issues are addressed both during interconnection studies (FAC-002) and 
during annual case creation and planning assessments (MOD-032/TPL-001) 

• Ensure that EMT studies are conducted by TPs and PCs during the interconnection study process 
(FAC-002) and during annual planning assessments (TPL-001) if the TP or PC identifies a reliability 
need to conduct these studies (i.e., on an as-needed basis with technical justification). 

 
Project Considerations 
The following are important considerations and details that the future NERC Standard Drafting Team should 
consider in the development of standards modifications: 

• The inclusion of EMT models should not supersede or replace the need for other types of models 
(e.g., positive sequence models).  

• In many cases, synchronous generating resources can be modeled in EMT by converting their 
positive sequence dynamic models and therefore are not expected to be significantly impacted by 
EMT modeling. However, some instances may arise (e.g., subsynchronous control interactions or 
torsional interaction) where more detailed information from select generating resource may be 
needed for reliability purposes.  

• Model accuracy is critical for both EMT and positive sequence dynamic modeling. In either case, the 
validity of the study is incumbent on having accurate and representative models of the equipment 
installed in the field. Incorrect models or model parameters lead to inaccurate study results in both 
situations. Simply having an EMT model of a facility does not mean that the simulation is necessarily 
more accurate.  

• The GO has the responsibility of providing a high quality, accurate model (EMT and positive 
sequence). The TP and PC need to check submitted models for any possible errors and will also need 
to ensure that the level of detail is defined in their modeling requirements documentation based on 
the types of studies being conducted. For example, subsynchronous torsional interaction studies 
may require a much more detailed model of certain components than inverter-based resource ride-
through studies. Conversely, ride-through assessments will need detailed modeling of inverter 
protections and controls. These types of modeling requirements established by the TP and PC based 
on studies needed for reliability purposes are presently developed for positive sequence dynamic 
modeling; these concepts would also apply to EMT modeling and studies. 

• EMT simulations will require representation of generating resource equipment and controls, 
electrical transmission system elements, transmission-connected devices and controls (e.g., HVDC 
and FACTS devices), and some representation of end-use loads. Therefore, the TP and PC will need 
access to information for EMT modeling purposes if and when needed for EMT studies. 
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• TPs and PCs will need to ensure model usability (efficiency, interoperability, etc.) as part of their 
modeling requirements documentation. Since many EMT models are black-boxed, the TP and PC 
will need associated documentations clearly describing steps to setup the model, available 
parameters accessible to the end user (with prior agreement with OEMs), and available outputs 
that are needed for overall plant design evaluation and planning studies. TPs and PCs may seek 
clarifications regarding overall control performance to understand the model and its use in 
studies. 

• EMT models should be provided as part of the interconnection study process for all newly 
interconnecting generating resources. Gathering these models and modeling information at the 
time of interconnection is the most effective and efficient way to create, evaluate their 
performance based on applicable requirements and submit these models. However, existing 
plants which are already in service may also need to provide EMT models in the future. The need 
for these models is usually driven by changing system conditions in the project region; therefore, 
we cannot rely solely on FAC-002 as the venue for which EMT models are submitted. TPs and PCs 
need capabilities to gather EMT models for all facilities, and should have the authority to request 
those models for any BES resource if needed. Therefore, modifications to MOD-032 are also 
introduced.  

 It may be cumbersome to modify MOD-032 to include EMT modeling in sufficient detail; 
therefore, the teams leaves it up to the future Standard Drafting Team to determine whether a 
new standard may be needed or if modifications to MOD-032 are sufficient. 

• EMT simulations are necessary to identify possible ride-through issues (assuming an accurate EMT 
model is provided) for inverter-based resources. This has been highlighted in NERC disturbance 
reports multiple times. However, it is not pragmatic at this time for all TPs and PCs to conduct EMT 
studies for every newly interconnecting resource. Therefore, TPs and PCs will need to apply 
objective risk-based measures to identify situations where EMT studies are needed.  

 
Technical References to Support Project Need 
The following is a list of reference materials that strongly demonstrate the need for NERC Standards 
modifications regarding the inclusion of EMT modeling and EMT studies to identify reliability issues 
associated with increasing penetrations of BPS-connected inverter-based resources. The NERC reports and 
guidelines strongly emphasize the need for EMT modeling and studies and serve as the technical basis for 
the SAR presented. The other industry references show that there is significant industry experience and 
focus in this area today with additional improvements in EMT capability moving forward.  
 
NERC Documents 

• NERC 2021 California Disturbances Report (2022) 

• NERC Odessa Disturbance Report (2021) 

• NERC San Fernando Disturbance Report (2020) 

• NERC Palmdale Roost and Angeles Forest Disturbances Report (2019) 

• NERC Canyon 2 Fire Disturbance Report (2018) 

https://www.nerc.com/pa/rrm/ea/Documents/NERC_2021_California_Solar_PV_Disturbances_Report.pdf
https://www.nerc.com/pa/rrm/ea/Pages/May-June-2021-Odessa-Disturbance.aspx
https://www.nerc.com/pa/rrm/ea/Pages/July_2020_San_Fernando_Disturbance_Report.aspx
https://www.nerc.com/pa/rrm/ea/Pages/April-May-2018-Fault-Induced-Solar-PV-Resource-Interruption-Disturbances-Report.aspx
https://www.nerc.com/pa/rrm/ea/Pages/October-9-2017-Canyon-2-Fire-Disturbance-Report.aspx
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• NERC Blue Cut Fire Disturbance Report (2017) 

• NERC-WECC Technical Report on Inverter-Based Resource Modeling (2020)  

• NERC Reliability Guideline: Integrating Inverter-Based Resources into Low Short-Circuit Strength 
Networks (2018) 

• NERC Reliability Guideline: Improvements to Interconnection Requirements for BPS-Connected 
Inverter-Based Resources (2019) 

• NERC Reliability Guideline: BPS-Connected Inverter-Based Resource Performance (2018) 
 
Industry Documents 

• AEMO Investigation Into System Strength Frameworks in the NEM (2020) 

• AEMO Power System Model Guidelines (2018) 

• AEMO Dynamic Model Acceptance Test Guideline (2021) 

• Review of AEMO’s Power System Model Guidelines and System Strength Impact Assessment 
Guidelines (2018) 

• ERCOT 2018 Panhandle and South Texas Stability and System Strength Assessment (2018) 

• ERCOT 2020 Panhandle Regional Stability Study (2020) 

• ORNL High Penetration Power Electronics Grid: Modeling and Simulation Gap Analysis (2020) 

• CIGRE Guide for Electromagnetic Transient Studies Involving VSC Converters (2021) 

• CIGRE C4.56: “Electromagnetic transient simulation models for large-scale system impact studies in 
power systems having a high penetration of inverter connected generation” (Expected 2022) 

• CIGRE B4.82: “Guidelines for Use of Real-Code in EMT Models for HVDC, FACTS and Inverter based 
generators in Power Systems Analysis” (Expected 2023) 

• CIGRE C4-60: “Generic EMT-Type Modelling of Inverter-Based Resources for Long Term Planning 
Studies” (Expected 2023) 

• Hawaiian Electric Facility Technical Model Requirements and Review Process (2021) 

• Hawaiian Electric Island-Wide PSCAD Studies (2021) 

• Hydro Quebec TransEnergie Technical Requirements for the Connection of Generating Stations to 
the Hydro-Quebec Transmission System (2019) 

• Electranix EMT Requirements Documentation (2021) 
 
 

https://www.nerc.com/pa/rrm/ea/Pages/1200-MW-Fault-Induced-Solar-Photovoltaic-Resource-Interruption-Disturbance-Report.aspx
https://www.nerc.com/comm/PC/InverterBased%20Resource%20Performance%20Task%20Force%20IRPT/NERC-WECC_2020_IBR_Modeling_Report.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Item_4a._Integrating%20_Inverter-Based_Resources_into_Low_Short_Circuit_Strength_Systems_-_2017-11-08-FINAL.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Reliability_Guideline_IBR_Interconnection_Requirements_Improvements.pdf
https://www.nerc.com/comm/RSTC_Reliability_Guidelines/Inverter-Based_Resource_Performance_Guideline.pdf
https://www.aemc.gov.au/sites/default/files/2020-10/System%20strength%20investigation%20-%20final%20report%20-%20for%20publication.pdf
https://aemo.com.au/-/media/Files/Electricity/NEM/Security_and_Reliability/System-Security-Market-Frameworks-Review/2018/Power_Systems_Model_Guidelines_PUBLISHED.pdf
https://aemo.com.au/-/media/files/electricity/nem/network_connections/model-acceptance-test-guideline-nov-2021.pdf?la=en&hash=3287CA490B21CE0634D954440940232E
https://aemo.com.au/-/media/files/electricity/nem/security_and_reliability/system-security-market-frameworks-review/2018/aemo_review_clean_062518.pdf?la=en&hash=2024606D6E5034C83871484E145A59C5
https://www.ercot.com/files/docs/2018/04/19/Panhandle_and_South_Texas_Stability_and_System_Strength_Assessment_March....pdf
https://www.ercot.com/files/docs/2020/11/27/2020_PanhandleStudy_public_final__004_.pdf
https://info.ornl.gov/sites/publications/Files/Pub141951.pdf
https://e-cigre.org/publication/832-guide-for-electromagnetic-transient-studies-involving-vsc-converters
https://www.cigre.org/userfiles/files/News/2019/TOR-WG%20C4_56_Electromagnetic%20transient%20simulation%20models%20for%20large-scale-system%20impact%20studies%20in%20power%20systems%20having%20a%20high%20penetration.pdf
https://www.cigre.org/userfiles/files/News/2019/TOR-JWG%20B4_82_IEEE_Guidelines%20for%20Use%20of%20Real-Code%20in%20EMT%20Models%20for%20HVDC%2C%20FACTS%20and%20Inverter%20based%20generators%20in%20Power%20Systems%20Analysis.pdf
https://www.cigre.org/userfiles/files/News/2021/TOR-WG%20C4_60_Generic%20EMT-Type%20Modelling%20of%20Inverter-Based%20Resources%20for%20Long%20Term%20Planning%20Studies.pdf
https://www.hawaiianelectric.com/documents/clean_energy_hawaii/selling_power_to_the_utility/competitive_bidding/20210901_cbre_rfp/20210825_redline_lanai_appxb_att3.pdf
https://www.hawaiianelectric.com/documents/clean_energy_hawaii/integrated_grid_planning/stakeholder_engagement/working_groups/stakeholder_technical/20210630_electranix_report.pdf
https://www.hydroquebec.com/data/transenergie/pdf/2_Requirements_generating_stations_D-2018-145_2018-11-15.pdf
http://www.electranix.com/publication/technical-memo-pscad-requirements-v11/
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of inverter technology has pushed conventional planning tools to their limits in many ways, and TPs and 
PCs are now faced with the need to conduct more detailed studies using EMT models for issues related 
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Requested information 
Purpose or Goal (How does this proposed project provide the reliability-related benefit described 
above?): 
This project addresses the reliability-related need and benefit by ensuring TPs and PCs have accurate 
models necessary to adequately conduct reliability assessments under increasing levels of inverter-based 
resources. This requires the collection of EMT models by applicable entities and TPs and PCs to conduct 
EMT studies where needed. Furthermore, this proposed project addresses reliability issues identified in 
the NERC disturbance reports by accomplishing the following: 

• Ensuring that the interconnection study process is clear on the modeling and study requirements 
needed to ensure reliable operation of the BPS, inclusive of EMT modeling and studies (NERC 
FAC-002). 

• Ensuring that EMT models are available to TPs and PCs for the purposes of reliability studies – 
interconnection studies per FAC-002 and planning assessments per TPL-001 (using MOD-032 as 
the modeling data standard, or a new standard if deemed necessary) 

• Ensuring that model quality issues are addressed both during interconnection studies (FAC-002) 
and during annual case creation and planning assessments (MOD-032/TPL-001) 

• Ensuring that EMT studies are conducted by TPs and PCs during the interconnection study 
process (FAC-002) and during annual planning assessments (TPL-001) if the TP or PC identifies a 
reliability need to conduct these studies (i.e., on an as-needed basis with technical justification). 

 
Project Scope (Define the parameters of the proposed project): 
This project will modify three existing NERC Standards – FAC-002, MOD-032, and TPL-001. The scope of 
the project is to modify NERC standards to 1) include specific requirements for EMT modeling and EMT 
studies, where needed, and 2) ensure accurate models are provided by applicable entities and 
corrections to modeling errors are addressed in a timely manner. 
 
-Detailed Description (Describe the proposed deliverable(s) with sufficient detail for a drafting team to 
execute the project. If you propose a new or substantially revised Reliability Standard or definition, 
provide: (1) a technical justification1 which includes a discussion of the reliability-related benefits of 
developing a new or revised Reliability Standard or definition, and (2) a technical foundation document 
(e.g., research paper) to guide development of the Standard or definition): 
The proposed project will produce three deliverables – modifications to FAC-002, modifications to 
MOD-032 (or a new standard related to EMT model collection), and modifications to TPL-001. 
Modifications to each standard seek to (1) incorporate EMT modeling and studies, as applicable, and 
(2) include model quality checks for all models used in reliability studies. The proposed modifications 
for each standard include the following: 
 

• NERC FAC-002 Enhancements:  

                                                 
1 The NERC Rules of Procedure require a technical justification for new or substantially revised Reliability Standards. Please attach pertinent 
information to this form before submittal to NERC. 
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Requested information 
o TP and PC Conduct EMT Studies Where Necessary: Modify the standard to include 

studies involving EMT models, where necessary, as part of the interconnection study 
process. The drafting team may consider adding a statement in Requirement R1.3 to 
include EMT studies. 

o Ensure Accurate Models are Provided and Verified Prior to Commercial Operation: 
Include a requirement that the TP and PC have a process to verify (i.e., sign off) that the 
models used in FAC-002 interconnection studies are a reasonable representation of the 
plant being commissioned prior to commercial operation. This verification should focus 
on, at a minimum, the following:  
 Converter-level2 control modes, settings, and protections 
 Plant-level control modes and settings 
 Applicable facility protection systems 

This verification should be conducted at the time of plant commissioning or during trial 
operations. The requirement should state that corrective actions be implemented to 
ensure the models used in studies match the actual plant configuration, equipment, and 
settings. Proof of accuracy for EMT and positive sequence models should be provided for 
the type of phenomena these models will be used to assess, including large disturbances 
(faults), control behavior and interactions, etc. The GO shall provide sufficient 
documentation to ensure control modes, settings, and protections, and performance 
match between the model and the installed equipment. Discrepancies between models 
or validation results throughout the interconnection process may require re-studies by 
the TP to ensure reliable operation prior to commercial operation and may be subject to 
any operational constraints by the Transmission Operator (TOP) and Reliability 
Coordinator (RC) until the facility can be operated in a planned and studied operating 
state.  

o Clarify Requirements on Applicable Entities Providing Accurate Models: Clarify existing 
requirements that use vague terms like “coordinate and cooperate” to more explicitly 
state that the applicable entities will provide accurate models meeting the TP and PC 
modeling requirements (including model quality specifications), and that any 
modifications to equipment or settings during the interconnection study process shall be 
communicated to the TP and PC for determination if any additional reliability studies are 
necessary.  

 
• NERC MOD-032 Enhancements: 

o *NOTE*: The IRPS believes that these enhancements could be made either from 
modifications to MOD-032 or by introducing a new NERC Standard specifically focused on 
gathering EMT models and modeling data for the purposes of reliability studies. The 
team generally believes that concepts of Requirement R1 and Attachment 1 are 
applicable for EMT modeling/studies; however, the development of interconnection-

                                                 
2 Converter is used here rather than inverter to also include possible controls and protections in hybrid plants that may utilize dc/dc 
converters. 
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Requested information 
wide cases to the MOD-032 Designee and annual case creation process may not be 
applicable for EMT studies. 

o Explicit Inclusion of EMT Models: Modify standard requirements, where applicable, to 
replace “dynamics” and differentiate between EMT and RMS fundamental frequency 
positive sequence models. Modify Attachment 1 of the standard to explicitly include EMT 
modeling requirements, where necessary, and include specific details relevant for EMT 
studies. Include sufficient detail in the table such that TPs and PCs conducting EMT 
studies can ensure they are able to gather sufficient modeling information from 
applicable entities. BPS elements that the TP and PC need to gather modeling 
information for may include, at a minimum: 
 Transmission elements, including transmission-connected reactive devices (SVCs, 

STATCOMs, etc.) 
 Generating resources, both inverter-based (converter controls, plant-level 

controller controls, and any other applicable control systems) and synchronous 
 HVDC circuits 
 Other information requested by the PC or TP necessary for modeling purposes 

o Process for Collection of EMT Models and Modeling Data: Ensure that the standard 
clearly states that the TP and PC should have a clearly documented process for 
determining when EMT models and modeling data shall be required from applicable 
entities. EMT models are not necessarily required in all instances from all entities. 
However, if and when the TP and PC require EMT models and data to conduct EMT 
studies, they shall have the authority to gather EMT models from applicable entities for 
the purposes of performing reliability studies. The TP and PC should use MOD-032 to 
gather data to create localized or regional models or base cases for reliability studies; the 
intent is not to create a requirement for interconnection-wide EMT models unless the TP 
and PC have a reliability need to do so (i.e., can be specified per Requirement R1 as part 
of the TP and PC modeling requirements and reporting procedures). 

o Model Quality Enhancements: Modify standards requirements to more clearly and 
explicitly specify that all models, including EMT, are accurate and represent the 
equipment installed in the field. Any modeling deficiencies should be identified by the TP 
and PC and addressed by the applicable entity in a timely manner. Model quality should 
be assessed by the TP and PC during the annual case creation process to ensure models 
are accurate for use in reliability studies. Presently the standard provides an option for 
the TP and PC to consider, but does not require entities to ensure model quality as part 
of the process.  

 
• NERC TPL-001 Enhancements: 

o Differentiate Stability Portions: Modify the stability portions of the standard (e.g., 
Requirements R2 and R4) to more clearly and accurately differentiate between studies 
using EMT models and studies using RMS fundamental frequency positive sequence 
models. Ensure that all standard requirements, Table 1, and Attachments are clear in this 
regard. 
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Requested information 
o Process for Conducting EMT Studies: Include a requirement that the TP and PC shall 

develop a process for determining when detailed studies using EMT models are 
requirements such that those studies are done in specific and limited scenarios where 
they are necessary. TPs and PCs shall then perform EMT studies for situations that meet 
the rationale. This will require gathering suitable models, per MOD-032 and determining 
appropriate study assumptions, contingency events, etc. Study requirements and 
assumptions should be specified in TPL-001, to the extent possible. 

o Appropriate Stability Criteria: Modify Requirements R5 and R6 to ensure that stability 
criteria for inverter-based resources is clear, consistent, and appropriate for both EMT 
and RMS fundamental frequency positive sequence simulations. If additional stability 
criteria should be specified for EMT studies, then the drafting team should ensure that 
the criteria is appropriate and applicable for the different studies. The requirements shall 
also be enhanced to clearly state that the TP and PC shall develop corrective action plans 
when the instabilities are identified, applicable and clear for inverter-based resources in 
addition to synchronous generation (both in EMT and RMS fundamental frequency 
positive sequence simulations). 

 
The standards revisions will apply to TPs and PCs as they conduct interconnection studies and planning 
assessments, TOs that may need to supply EMT models for the transmission network, and GOs as they 
provide accurate generator modeling information to the TP/PC for studies. FAC-002 presently applies 
implicitly to the developers of new facilities (since the TP/PC have a study process for studying new 
resources prior to interconnection); this SAR does not seek to change existing applicability of any 
standards, only strengthen and improve requirements to address known reliability gaps. The inclusion 
of EMT modeling requirements apply to generating resources (inverter-based and synchronous), 
synchronous condensers, transmission-connected dynamic reactive devices (e.g., STATCOMs, SVCs, 
etc.), transmission elements, and any other elements necessary for reliability study purposes. Models of 
all BPS elements in the areas for which an EMT study is required are needed to create an accurate 
network model to study possible reliability risks. See supporting paper for more details. 
 
The attached supporting paper provides a list of reference materials and documentation that serve 
as a strong technical basis for these changes to the NERC Standards. Most notably, the Odessa 
disturbance report (2021) and CA disturbance report (2022) strongly emphasize enhancements to 
the NERC Standards and specifically focus on inclusion of accurate and reliable EMT models (in 
addition to accurate and reliable positive sequence models) and updates to address model quality 
for reliability studies. 
 
Cost Impact Assessment, if known (Provide a paragraph describing the potential cost impacts associated 
with the proposed project):  
Exact costs for this project are unknown. Near-term costs are likely to increase as industry develops 
practices around development, collection, and use of EMT models for reliability studies; however, the 
team believes that long-term costs will likely be minor as industry is already expanding necessary skills 
and expertise in this area across many areas of the world. OEMs are developing real-code models, 

https://www.nerc.com/pa/rrm/ea/Pages/May-June-2021-Odessa-Disturbance.aspx
https://www.nerc.com/pa/rrm/ea/Documents/NERC_2021_California_Solar_PV_Disturbances_Report.pdf
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Requested information 
generator owners are gaining familiarity with existing EMT modeling requirements, and transmission 
planners are gaining experience conducting or managing EMT studies. Generation and transmission 
entities will likely experience up-front and ongoing costs in areas where EMT studies are becoming 
increasingly necessary from a grid reliability standpoint. These costs are recognized; however, the team 
has made a focused and concerted effort to minimize costs while achieving necessary reliability 
outcomes for this project. Outcomes from this project to ensure an adequate level of reliability for the 
BES significantly outweigh the incremental costs of implementation from this proposed project.  
Please describe any unique characteristics of the BES facilities that may be impacted by this proposed 
standard development project (e.g., Dispersed Generation Resources): 
No BES facilities will be directly impacted by the proposed standard modifications. Asset owners of BES 
facilities (GOs, TOs) will be required to provide EMT models, where applicable, and ensure model quality 
of the models submitted to the TP and PC. The TP and PC will be required to verify model quality and 
perform EMT studies using these models, as needed for reliability purposes.  
 
To assist the NERC Standards Committee in appointing a drafting team with the appropriate members, 
please indicate to which Functional Entities the proposed standard(s) should apply (e.g., Transmission 
Operator, Reliability Coordinator, etc. See the most recent version of the NERC Functional Model for 
definitions): 
Transmission Owners, Transmission Planners, Planning Coordinators, Generator Owners, equipment 
manufacturers, consultants conducting EMT studies, and any other EMT modeling and studies experts 
 
Do you know of any consensus building activities3 in connection with this SAR?  If so, please provide any 
recommendations or findings resulting from the consensus building activity. 
This SAR was developed by the NERC IRPS, a large group of industry experts focused specifically on 
ensuring reliable operation of the BPS under increasing penetrations of BPS-connected inverter-based 
resources. This SAR was also endorsed by the NERC RSTC. 
 
Are there any related standards or SARs that should be assessed for impact as a result of this proposed 
project?  If so, which standard(s) or project number(s)? 
Project 2020-06 Verification of Models and Data for Generators is focused on validation of models, 
inclusive of positive sequence dynamic models and EMT models. This SAR is recommending that model 
verification and submittal by the GO (and model quality checks by the TP) occurs prior to commercial 
operation; whereas the existing MOD-026 and MOD-027 standards allow for a time period (e.g., 1 year) 
after commercial operation to correct model errors. However, this can lead to reliability issues not 
being identified during interconnection studies. Therefore, Project 2020-06 should consider the 
recommendations in this SAR and these efforts can be aligned for both projects. If that project is 
completed by the time a new SAR Drafting Team is stood up for this proposed project, then the new 
Standard Drafting Team could help ensure alignment. These efforts are in alignment and complement 

                                                 
3 Consensus building activities are occasionally conducted by NERC and/or project review teams.  They typically are conducted to obtain 
industry inputs prior to proposing any standard development project to revise, or develop a standard or definition. 
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Requested information 
each other. This SAR is not seeking to change any NERC Glossary Terms and therefore will not affect any 
other standards in this manner. 
 
Are there alternatives (e.g., guidelines, white paper, alerts, etc.) that have been considered or could 
meet the objectives? If so, please list the alternatives. 
NERC has published a number of disturbance reports highlighting the need for these changes to be 
made to NERC Standards. NERC has also published modeling-related Alerts for inverter-based resources 
to raise industry awareness of ongoing modeling challenges. NERC IRPS has also published numerous 
guidelines, technical reports, white papers, etc. to help educate industry and recommend best practices. 
However, the recommendations are not sufficient to ensure accurate EMT studies are conducted for 
ensuring BES reliability with increasing levels of inverter-based resources.  
 

Reliability Principles 
Does this proposed standard development project support at least one of the following Reliability 
Principles (Reliability Interface Principles)? Please check all those that apply. 

 1. Interconnected bulk power systems shall be planned and operated in a coordinated manner 
to perform reliably under normal and abnormal conditions as defined in the NERC Standards. 

 2. The frequency and voltage of interconnected bulk power systems shall be controlled within 
defined limits through the balancing of real and reactive power supply and demand. 

 
3. Information necessary for the planning and operation of interconnected bulk power systems 

shall be made available to those entities responsible for planning and operating the systems 
reliably. 

 
4. Plans for emergency operation and system restoration of interconnected bulk power systems 

shall be developed, coordinated, maintained and implemented. 

 5. Facilities for communication, monitoring and control shall be provided, used and maintained 
for the reliability of interconnected bulk power systems. 

 6. Personnel responsible for planning and operating interconnected bulk power systems shall be 
trained, qualified, and have the responsibility and authority to implement actions. 

 
7. The security of the interconnected bulk power systems shall be assessed, monitored and 

maintained on a wide area basis. 
 8. Bulk power systems shall be protected from malicious physical or cyber attacks. 

 
Market Interface Principles 

Does the proposed standard development project comply with all of the following 
Market Interface Principles? 

Enter 
(yes/no) 

1. A reliability standard shall not give any market participant an unfair competitive 
advantage. Yes 

2. A reliability standard shall neither mandate nor prohibit any specific market 
structure. Yes 

3. A reliability standard shall not preclude market solutions to achieving compliance 
with that standard. Yes 

http://www.nerc.com/pa/Stand/Standards/ReliabilityandMarketInterfacePrinciples.pdf
http://www.nerc.com/pa/Stand/Resources/Documents/Market_Principles.pdf
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Market Interface Principles 
4. A reliability standard shall not require the public disclosure of commercially 

sensitive information.  All market participants shall have equal opportunity to 
access commercially non-sensitive information that is required for compliance 
with reliability standards. 

Yes 

 
Identified Existing or Potential Regional or Interconnection Variances 

Region(s)/ 
Interconnection 

Explanation 

None None 
 
 

For Use by NERC Only 
 

SAR Status Tracking (Check off as appropriate). 

     Draft SAR reviewed by NERC Staff 
     Draft SAR presented to SC for acceptance 
     DRAFT SAR approved for posting by the SC 
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Agenda Item 15 
Reliability and Security 

Technical Committee Meeting 
June 8, 2022 

TOCC Field Test Update 

Action 
Information 

Summary 
During the September RSTC meeting, the RSTC was presented with information regarding a 
proposed CIP-002 Transmission Owner Control Centers (TOCCs) Field Test. The Field Test 
document was sent to RSTC members for a comment period ending on Thursday, September 30, 
2021. Comments were considered and incorporated into the TOCC Field Test document. The 
RSTC endorsed the Field Test document which was then approved by the Standards Committee 
(SC) for implementation. This agenda item will provide an update on the implementation of the 
Field Test. 



Agenda Item 16 
Reliability and Security 

Technical Committee Meeting 
June 8, 2022 

Strengthening Industry Action to Address Emerging Issues 

Action 
Information 

Summary 
Recently, NERC promulgated and initiated a number of Reliability Standards related to seasonal 
preparations for extreme weather and environmental conditions. This effort results after many 
years of industry engagement through Alerts, Events Analysis, annual/semi-annual webinars on 
weatherization, visits to generating plants to share practices, and multiple FERC/ERO Enterprise 
inquiry reports. 



Agenda Item 17 
Reliability and Security 

Technical Committee Meeting 
June 8, 2022 

Inter-Area Short Circuit Paper 

Action 
Request for reviewers. 

Summary 
The SPCWG developed the paper to provide guidance with respect to updating inter-entity 
short-circuit model data at the boundaries connecting to other entities. Initially set to be a 
technical reference for industry. Safe and reliable operation of electrical power systems 
requires the ability to predict and simulate sources of fault current. SPCWG requests RSTC 
reviewers for this this technical report. 
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Preface  
 
Electricity is a key component of the fabric of modern society and the Electric Reliability Organization (ERO) Enterprise 
serves to strengthen that fabric. The vision for the ERO Enterprise, which is comprised of the North American Electric 
Reliability Corporation (NERC) and the six Regional Entities, is a highly reliable and secure North American bulk power 
system (BPS). Our mission is to assure the effective and efficient reduction of risks to the reliability and security of 
the grid.  
 

Reliability | Resilience | Security 
Because nearly 400 million citizens in North America are counting on us 

 
The North American BPS is made up of six Regional Entity boundaries as shown in the map and corresponding table 
below. The multicolored area denotes overlap as some load-serving entities participate in one Regional Entity while 
associated Transmission Owners/Operators participate in another. 
 

 
 

MRO Midwest Reliability Organization 

NPCC Northeast Power Coordinating Council 

RF ReliabilityFirst 

SERC SERC Reliability Corporation 

Texas RE Texas Reliability Entity 

WECC WECC 
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Executive Summary 
 
Reliable operation of the power system requires accurate short-circuit models to predict fault currents used by 
protection engineers in the development of protection system settings.  Updating model data internal to an entity is 
normally performed as part of new projects but updating model data at boundaries connecting to other entities 
(inter-entity updates) is more challenging. The increasing amount of Inverter Base Resources (IBR) requires updates 
at a rapid pace.    
 
Short-circuit models should be provided in a format compatible with industry accepted software. If created by 
converting a power flow model, the converted model should be fully validated and corrected prior to publishing.   
There are conversion errors between industry software, boundary equivalents may no longer be appropriate for 
creating equivalents that include IBR, and additional operating conditions may be of significance. This report provides 
technical details on methods and challenges in updating inter-entity models and possible ways to validate an updated 
model prior to publishing for use.  
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Introduction 
 
Short-circuit studies form the basis for the development of protection system settings by providing necessary fault 
currents used by protection engineers. When performing protection system setting development, the short-circuit 
model should be accurate and up to date to the greatest practical extent.  Short-circuit models are like power flow 
models; they both represent impedances utilized in analyzing grid flow of electric power in an interconnected system, 
and the same model is sometimes utilized for both short-circuit and power flow purposes. However, transformer 
connections, sub-transient synchronous generator impedances, and zero sequence data are of the utmost 
importance for accurate short-circuit models while also having a lower effect on power flow study results. With the 
increasing IBR influx and associated retirement of traditional generation, Bulk Electric System short-circuit models 
are requiring updates at a rapid pace to keep up with new changes. Updating modeling data internal to an entity is 
normally performed as part of new projects while all data is readily available. Updating modeling data at boundaries 
connecting to other entities is more challenging.  
 
Importance of Accurate Short-Circuit Models 
Safe and reliable operation of electrical power systems requires the ability to predict and simulate sources of fault 
current. Accurate modeling of power system facilities is essential for the appropriate selection of equipment ratings 
as well as the setting of protection system parameters for various operating conditions. Nonsynchronous powered 
generating resources and synchronous generation are sources of fault current and should be considered in short-
circuit calculations. 
 
Power system models form the foundation of calculating operating limits, performing event analysis, developing 
protection systems settings, performing protection system coordination and planning studies, and completing 
performance assessments. A primary aspect of power systems analysis is accurate modeling of the quantity of 
components that form complex interconnected systems within operational planning, short- and long-term planning, 
and protection models. The accuracy of power system models is vital to determine protection device settings. 
Inaccuracies in power system models can lead to misoperations caused by inaccurate protection device settings that 
often directly result in loss of load.  
 
Load Flow vs. Short-Circuit Models 
In a balanced three-phase system, the currents flowing in the three phases under normal operating conditions 
constitute a symmetrical positive-sequence set. Cases that include sequence network parameter data can be used to 
calculate the current flow paths of each phase of the system. These positive-sequence currents cause voltage drops 
of the same sequence only. Individual sequence (positive, negative, and zero) circuit characteristics are essential for 
obtaining the values of the sequence impedances of elements of a power system to construct the sequence networks 
for unbalanced fault calculations. The neutral points of a symmetrical three-phase system are at the same potential 
when balanced three-phase currents are flowing. 
 
Historically, power system planners have utilized modeling software with positive sequence data to predict balanced 
load flow. Such programs normally have the capability to include information for unbalanced systems; however, 
unlike power flow calculations, correct modeling of negative and zero sequence data as well as correct transformer 
connections are critical for accurate short-circuit data. 
 
Network Equivalent of Inter-Entity Modeling 
Short-circuit models are representations of an electrical power system and designed to accurately provide short-
circuit data at any point internal to its boundary. These boundaries are often chosen to be a NERC Regional Entity, or 
an individual Transmission Owner’s system. For accurate short-circuit data, the boundary of one model must be 
properly woven together with the boundary of all adjoining models as short-circuit current will flow between them. 
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Creating a network equivalent requires engineering judgment concerning the size, accuracy, and complexity of the 
neighboring system. To create an equivalent network is to replace a portion of the network with an equivalent circuit 
that contains boundary buses with equivalent lines, generators, loads, and shunts from the external system that has 
been eliminated. The equivalent circuit is created such that the current-voltage relationship at the load of the original 
network is unchanged, so the fault current at the boundary buses between the two systems should remain 
unchanged.1 
 

                                                           
1 “Short-Circuit Modeling and System Strength” NERC White Paper, February 2018 

https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/Short_Circuit_whitepaper_Final_1_26_18.pdf
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Chapter 1: Methods 
 
Modification to components that impact the network’s topology (e.g., lines, transformers, breakers) or its generation 
resources that supply the network will impact short-circuit values. The NERC MOD Reliability Standards establish 
consistent modeling data requirements and reporting procedures for these model updates. However, when updating 
a short-circuit model in the network, two or more models are woven together to obtain updated short-circuit values 
internal and external to the combined model. This chapter details considerations and methods used to update inter-
entity models. 
 
Considerations 
When protection system settings are developed or a protection system coordination study is performed, a model of 
the protected element and short-circuit sources in the vicinity should be accurate and up to date. The severity of 
model change, number of buses away the change has occurred, and margins within the relay settings determine the 
timing of updating inter-entity short-circuit models. Model updates internal to an entity should be performed as 
topology and element changes are made in conjunction with new construction projects and new calculated protective 
relay settings. For coordination verification, specifically those within two to three buses from the boundaries or tie 
lines, inter-entity model updates should be completed within the six-year period at a minimum set forth in PRC-027. 
As a best practice, these updates should be revisited annually or more frequently if there is a major change in a 
neighboring system. 
 
An annual update of boundary equivalents coincides with most regional transmission organizations’ (RTO) practices 
for providing network equivalents. The network equivalent updates are based on a current year and a future model. 
The future model may be two to five years out; however, this may vary among RTOs. The benefit of providing a 
network equivalent for a future short-circuit model is that it allows the receiving entity to prepare for any significant 
changes occurring in close vicinity of the network boundary. 
 
When creating a network equivalent, the fault current at the boundary buses should remain unchanged. Partitioning 
an equivalent network from its neighboring study area requires analyzing up to three buses away from the study bus 
for sufficient accuracy.2 By comparing fault values at the interconnection point(s) between the models, this accuracy 
can be validated. PRC-027 allows triggering of protection system coordination studies when the fault current changes 
by 15%. Protective relaying inherently utilizes margins when set points are selected to account for errors in current 
transformers, transmission line parameters and spacing, relay error, etc. A small amount of error in the short-circuit 
model is not critical nor uncommon when comparing fault values at interconnection points; however, should these 
variances approach values used for relaying margins or coordination triggers they become intolerable and could lead 
to misoperations.  
 
Max and Min 
Most short-circuit models are configured for system peak conditions (i.e., all generating resources), including 
contingency reserves are considered online. The same is carried over to network equivalents. Typically, a network 
equivalent includes two real buses only as the rest of the network is reduced to an equivalent. An entity receiving the 
network equivalent would have to detach the existing network equivalent in the model and replace it with the 
updated equivalent. 
 
Balanced and unbalanced faults are calculated from the source impedances of the connected grid resources that feed 
into system impedances. When grid resources are primarily composed of synchronous machines, maximum short-
circuit fault currents are usually derived by utilization of the sub-transient reactance values. Minimum fault currents 

                                                           
2 “Short-Circuit Modeling and System Strength” NERC White Paper, February 2018 

https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/Short_Circuit_whitepaper_Final_1_26_18.pdf
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are commonly derived by removal of generation and/or lines to determine an n-1 or greater contingency in the 
vicinity of the faulted location. 
 
With the influx of IBRs, maximum and minimum fault values become dependent upon voltage since these devices are 
both voltage controlled current sources and the inverter’s control strategy. For maximum fault values, the IBR should 
be correctly modeled in the system to vary its contribution based on the voltage of the interconnected system. Simply 
utilizing a driving source impedance or boundary equivalent may not be an accurate representation. Minimum fault 
cases become more complex. 
 
The network equivalent for off-peak (valley, spring, fall) load level is typically not shared. However, this may be of 
importance in the future with increased IBR penetrations. As IBR penetrations increase, it is expected that short-
circuit levels across the network will decrease. As such, it may be necessary to study off-peak load levels to verify that 
reliable, secure, and dependable protection is maintained. However, if such a scenario is studied with network 
equivalents of neighboring utilities based on peak condition, then the results (especially near the boundary buses) 
may be skewed enough where may not be considered reliable. Entities with significant IBR penetrations may want to 
consider sharing network equivalent for off-peak condition. 
 
The IBRs are represented as voltage controlled current sources in the short-circuit model. The traditional short-circuit 
programs do not account for IBRs when reducing a network to develop an equivalent. There is a need to develop a 
methodology to represent voltage controlled current sources in the network equivalent. This is further explained 
with the example found in Appendix A. One alternative is to adopt the entire model.  As a clarification the intent is 
to include the transmission network and generation resources in the entire model; however, not to necessarily 
include the distribution network, tapped distribution banks, etc.  
 
Adopt Entire Model 
The simplest method to update short-circuit models is to adopt complete models around and including the entity’s 
system that have already been updated. This is obviously not an option for larger networks but may be a viable option 
for a single entity. For example, an RTO may issue a short-circuit model each year that has updated equivalents from 
all members and external sources. Adopting the entire model would allow the entity the flexibility to modify 
generation mix as appropriate both internal and external to their system. As discussed further in Chapter 2, such a 
model should be vetted by the entity prior to use. Of specific model accuracy concern is a short-circuit case that has 
been created via a software conversion. This creates the possibility that the updated model could contain conversion 
errors. Additionally, topology like normal open ties between generator buses should be verified. If the entire model 
is reduced for ease of use by an entity, then the network equivalent should contain equivalents for a minimum of 
three buses away from the short-circuit bus under investigation.3  
 
Keep Entity Model and Update External Ties 
Another option is to develop an internal model of interest and then integrate external models so that the resulting 
model simulation accurately portrays element currents and bus voltages as if the entire model was represented. This 
is often the case when there is no Regional Entity that develops a full Interconnection-wide model. An entity may 
also want to have a more detailed and up-to-date model than what is presented for an Interconnection-wide model 
and will develop its own model from a system-wide model. The following are a couple of options and methodologies 
for developing those types of models. 
 

                                                           
3 “Short-Circuit Modeling and System Strength” NERC White Paper, February 2018 

https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/Short_Circuit_whitepaper_Final_1_26_18.pdf
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Merge Internal with Entire External Model 
When an Interconnection or system-wide model is available but an individual entity wants to include a more detailed 
model of its system, the entity can cut its system out of the detailed model and replace it with its full model. The 
entity would determine which external buses are directly interconnected to its system and then delete all elements 
that connect from those buses to its system. Then the entity would delete all the remaining buses from the model. 
 
The next step would be to remove any external ties to the external buses in the entity’s preferred model and paste 
that model into the Interconnection-wide model and merge the interconnecting buses together. 
 
Update Boundary Equivalents at External Tie Points 
When an Interconnection-wide model is not available, an entity will need to coordinate with its neighboring entities 
and request the other entity’s fault study model as well as share its internal model. The different models can then be 
spliced together, and boundary equivalents can be determined at some appropriate level of detail (i.e., at some 
number of buses back from the entity’s interconnecting buses and element). Some geographic areas might develop 
a regional fault study model using this approach.  
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Chapter 2: Challenges 
 
Maintaining accurate inter-entity short-circuit models can be challenging both technically and logistically. The 
following are some of the common challenges that entities face when consolidating inter-entity short-circuit models. 
These challenges should be considered both when preparing to consolidate and when troubleshooting issues with 
model comparisons or validations. 
 
Pre-conversion Mapping 
Perhaps the most challenging aspect of inter-entity short-circuit model consolidation is the pre-conversion mapping. 
Entities must be able to correlate components in one model to their counterparts in the other model. Logistically, 
this requires agreement between entities on naming or numbering conventions. In cases where only a few 
interconnections exist, a user might be able to determine the matching components without an exact match between 
component naming or numbering. However, if automation is being used for the consolidation of models, it is likely 
that the identifiers will have to match exactly. If models have already been established with names or numbers that 
are not common between the two models, then the process of manually renaming the components is both time 
consuming and tedious. 
 
Format Variances 
Whether entities are using identical software or entirely different software, it is likely that the model format will have 
differences that must be considered. Due to differing company philosophies, they may use different per-unit bases, 
different transformer modeling techniques or connection codes, or different methods of modeling elements and 
buses. For example, some entities may assume uniform conductors for transmission lines while others may use 
tapped buses to distinguish changes in conductor type or spacing. Some entities may model all buses as straight buses 
for simplicity while others may model the exact configuration (e.g., ring buses, breaker-and-a-half, main-transfer 
schemes). It is highly likely that relays are modeled differently. Entities may also choose different options for the fault 
simulations and relay solutions that might impact comparisons during validation (see Chapter 3 for more 
information).  
 
Power Flow to Short-Circuit 
In some instances, there may be a need to merge data between short-circuit models and long-term planning or power 
flow models. This presents several unique challenges.  
 
The first challenge is correlation of the data. Data must be correlated between the two models with a common 
labeling or naming convention. This is necessary to know when data extracted from one model belongs in the other 
model.  
 
Once the components are correlated between the two model types, the second challenge becomes extraction of 
data. It is unlikely that the two software solutions support direct conversion between short-circuit and long-term 
planning or power flow models. Fortunately, most software solutions offer an application programming interface 
(API), which allows easier extraction of data; however, use of the API requires moderate knowledge of computer 
programming that protection engineers might not have.  
 
The third challenge is the conversion of data. One must understand the data structure of both models to allow for 
data exported from one software to be imported into another. More than likely, the parameters are not identical 
between the two models. The primary key (unique identifier of components) might not match or have the same 
name, or impedances could be expressed in different units or be modeled entirely differently ("T" model impedances 
vs. short-circuit impedances). This step is more easily achieved with spreadsheets, databases, or similar tools that 
assist with visualization and transformation of data.  
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The final challenge is importing data into the final model that may require the use of a different API for the software 
into which the data is being imported. 
 
Short-Circuit to Short-Circuit 
In most cases, short-circuit software solutions offer a means of converting network models for use in other short-
circuit software solutions. This gives different entities the ability to collaborate despite utilizing different tools. The 
two models sometimes offer mathematically equivalent solutions; however, there are other aspects of the model 
that often do not translate identically. For instance, the physical topology of the model may not convert, meaning 
that the converted model could be difficult to interpret visually. Additionally, the relay models and associated settings 
will most likely not be included in the conversion, so an exchange of relay settings may also be necessary in addition 
to the models. Lastly, the conversion might model certain elements or branches differently than the source model. 
For example, a single 3-winding transformer might convert to two 2-winding transformers in series. Infinite 
impedances in one model (such as zero sequence impedances through the delta of a transformer) might convert to 
a shunt reactor or neutral impedance of value 99999. Vendor software may take third-party models and convert 
them to another format such as a “.dxt” file and then input that format back into their software. 
 
Version to Version of Same Software 
If entities are using different versions of the same software, this can add additional complexity to the consolidation 
of the models. It is likely that the entity with the newer version will have no trouble importing the older model version 
because the software versions are likely backwards compatible. The entity with the older version might not be able 
to interact with or import the newer version at all. If they are able, they should consider the following factors: 

• What new features or bug fixes have been added in the newer version?  

• Is it worth an upgrade to the newer version to fix bugs or add additional features? 

• If not, does the neighboring entity's model contain any of the newer features? If so, what is the impact of 
them not being included when their model is converted to the older version? 

 
Fortunately, the mathematics behind the short-circuit calculations is fundamentally unchanged in many cases. New 
features often involve the user interface or graphical representation, meaning that the accuracy between model 
versions is often unaffected. This also means that in some cases versions are even forward compatible. A useful 
conversion check may be to take a vendor’s model, convert it using their tool, and reading it back into their software.  
 
Bus and Line Common Format 
There needs to be some consistency in line and bus format to create inter-entity network equivalents. Connection 
points between entities need to be consistent in what is shown, and they must be able to be mapped between the 
entities with some identifying characteristic. Typically bus names or bus numbers are used. For lines modeled to the 
border buses, it is important to ensure line impedances do not get duplicated. 
 
One of the options in the methods discussed above is to adopt the entire model of a neighboring entity. If this is 
done, bus naming and/or numbering must be unique so that the short-circuit program can identify different data 
points. If the adoption of an entire model is used for a Regional Entity with multiple entities, it may be helpful to 
standardize bus naming, numbering, and having an identifying tag to denote ownership. This standardization may be 
a significant change when first merging with the entire model of a neighboring utility. 
 
Duplication of Model Parameters 
When simplifying interconnections using Thévenin equivalent calculations, it is important to consider multiple 
network paths that may exist between boundary terminals. For instance, consider Entity 1, which owns Substation A, 
and Entity 2, which owns Substations B and C, as depicted in Figure 2.1. If Entity 1 wishes to model the Thévenin  
equivalent of the tie line to B, they must account for the connection between B and C. In this simplified scenario, an 



Chapter 2: Challenges 
 

NERC | Inter-Entity Short Circuit Model Technical Report | May 2022 
6 

accurate Thévenin equivalent at B and C requires taking not only the lines from A to B and A to C out of service to 
avoid inclusion of Entity 1's own system but also the line between B and C. After determining the separate Thévenin  
equivalent parameters for B and C, the lines should be placed back in service and remain in the simplified model. If 
the lines are not removed when performing the calculation, the Thévenin equivalent calculation at the tie line to B 
will include both C and A, and the Thévenin equivalent at C will include B and A. The impact of the errors varies 
depending on the relative contributions from each equivalent circuit. The errors quickly diminish for network 
connections that are further electrically from the interconnections being modeled. For instance, a connection 
between B and C that exists three or four buses away may have little or no impact on the Thévenin equivalent 
calculations between the two entities. Entities must balance the need for accuracy of the model with their desire for 
simplicity when determining which network paths should be modeled and which can be ignored. 
 

 
Figure 2.1: Two Entity Simplified Model 

 
Mutual Impedance 
Another challenge to consolidating short-circuit models is the inclusion of mutual impedances. Entities may have 
different philosophies regarding when mutual coupling needs to be modeled and when it can be disregarded. 
Additionally, the mutual coupling itself might be modeled differently. For instance, the starting and ending terminals 
of the paired lines may not have matching identifiers between the two models. The starting and ending terminals 
might also be reversed for one or both paired lines, resulting in different mutual impedances. The polarity of the 
mutual coupling can be easily verified by performing the following steps: 

1. Simulate a fault on one of the lines in the mutual coupling pair. 

2. Determine the direction of current flow on the unfaulted line of the pair. 

3. Verify the apparent impedance as seen from each terminal of the faulted line both with the unfaulted line in 
service and out of service: 

a. For opposing current flow, the apparent impedance should decrease with the mutually coupled line in 
service 

b. For current flow in the same direction, the apparent impedance should increase with the mutually 
coupled line in service.  
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In Figure 2.2, the entity should expect the apparent impedance to the fault as seen from Terminal B to be less when 
Line B–C is in service. 
 
If entities wish to consolidate the collapsed Thévenin equivalent models, mutual coupling can be problematic because 
tie lines may be mutually coupled with lines solely in the neighboring entity's system. Depending on the strength of 
the sources and the amount of coupling, the entity may need to model the additional neighboring entity’s mutually 
coupled lines. This portion of the neighbor's system can be simplified if necessary by collapsing one or both ends of 
the (non-tie) coupled line using the Thévenin equivalent as an example. In many cases, this can only be done with 
one end of the line because the other end often terminates at the same station as the tie line (see Figure 2.2). Again, 
entities must balance accuracy and simplicity when determining which mutual coupling pairs should be modeled. 
 

 
Figure 2.2: Two Entity Model Example 

 
Inverter-Based Resources 
Previously, the number of IBRs connected to the grid was very small, and their effects could be ignored, but this is no 
longer the case. As more IBRs are connected to the grid, there are challenges both with modeling them and with 
simplifying cases to equivalents. 
 
The method for modeling IBRs discussed above is modeling a voltage controlled current source. To solve a short-
circuit case that includes IBRs, the software uses an iterative process for solution: it solves to find the voltage at the 
terminals of the IBR, uses that voltage to generate the expected current, solves to find the voltage at the terminals 
of the IBR using that current value, and iterates until the solution converges. Since the existing method for modeling 
IBRs includes this iterative process, and IBRs have a variety of parameters, it is not possible to accurately fold multiple 
IBRs into a Thévenin equivalent. It should be noted that IBR units (e.g., PV inverters, Wind Turbine Generators) at one 
facility with similar characteristics can be aggregated, reducing the number of IBRs modeled; however, this does not 
solve the issue with creating an equivalent. 
 
As modeling IBRs is a recent development, available modeling software varies in the parameters used to model, and 
different entities may use different methods of modeling. The challenges discussed in the conversion portion of this 
section apply to IBRs too. 
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As more IBRs are added to the model, there is a software challenge: each IBR adds more complexity and more 
iterations to each solution, requiring more processing power. If a complete model is used, including the IBRs of all 
neighboring entities, the processing performance of the software used may be reduced to the point of failure. One 
possible solution to this problem is to alter the modeling software to limit the number of IBR terminals modeled in 
the area being studied; IBRs where voltage is not expected to be impacted due to a fault being studied could be 
assumed fixed current sources. Further work by software vendors and power engineers will be required to adequately 
address this challenge. 
 
Change Management 
There are many small entities that do not have or maintain their own short-circuit models. Small municipalities and 
Generator Owners are some examples. For an entity that maintains a model connecting to one that does not, it is a 
challenging task to ensure the data for these entities is accurate and up to date. If there are changes, the non-
modeling entity may not have the resources in place to send an accurate update. For non-modeling entities that 
connect to multiple modeling entities, there is an additional challenge: which of the modeling entities is responsible 
for including the non-modeling entity’s data into their model. There will be redundancy in equivalent circuits if more 
than one of them do. If a model of an entire area is adopted, there will be challenges in ensuring the non-modeling 
entity’s system is fully represented, not just an equivalent. 
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Chapter 3: Data Validation (Post Update) 
 
Once a model has been updated, it should be vetted prior to use. Errors could have occurred in the process regardless 
of the methods used for the update. This is extremely important for organizations or RTOs that publish updated short-
circuit cases for multiple users. Short-circuit sequence data should be validated, including characteristics of 
generators, transmission lines, and transformers. Updated data should be reviewed, values should be measured 
against a benchmark, and common characteristics between the old and new case should be compared when possible. 
Criteria like total fault current at boundary buses; number of lines and impedances; generating resources available; 
number of generators; total MVA of generation; and transformer type, configuration, and impedances can be 
evaluated.4 
 
Comparison of Fault Values 
One of the most common methods of proving model data validity is through the comparison of fault values. With the 
challenges of pre-conversion mapping addressed and an understanding of how the network topology is modeled, 
short-circuit studies can be performed, and the results can be compared between models. Historically, as the 
electrical system grew, it was typical that short-circuit fault values would increase over time. However, this may no 
longer be the case with the increased penetration of IBRs and the retirement of synchronous machines. It is important 
that the fault value comparisons check for any discrepancy and not just fault current increases. 
 
Comparing short-circuit fault values to an accuracy within a margin of difference can help identify areas in the model 
to investigate for modelling discrepancies. Creating a few different levels of margin can help prioritize and categorize 
what must be reviewed. Determining margin levels for a particular organization or RTO will be a balance between 
total discrepancies found and resources to resolve discrepancies. For example, a few levels of margins could be as 
follows: 

• < 5% Low (acceptable but could be investigated) 

• 5–10% Medium (acceptable but should be investigated) 

• 10–15% High (should be investigated) 

• >15% Very High (must be investigated) 
 
These proposed margins are based on experience with three-line-to-ground (3LG) and single-line-to-ground (SLG) bus 
faults. Other margins may be more appropriate for different fault types. 
 
At a minimum, 3LG and SLG fault types should be compared. Comparing 3LG faults checks the positive-sequence 
network of the model while comparing SLG faults incorporates the zero-sequence network and connectivity of the 
model. Because most short-circuit software also outputs the remaining line-to-line (LL) and two-line-to-ground (2LG) 
fault types (typically in the same report as 3LG and SLG), it is a best practice to also compare LL and 2LG fault values 
to determine any discrepancies or anomalies in the short-circuit model.  
 
With higher penetrations of IBRs, focus may shift towards looking at comparisons of the IBR fault contributions to 
confirm validity in addition to comparing the total bus fault value. The negative-sequence fault current contribution 
from IBRs is still a widely studied topic and dependent on the inverter control. However, as mentioned previously in 
the challenges section, available short-circuit software varies in the parameters used to model, and different entities 
may use different methods of modeling. 
 
Another best practice would be comparing fault values for N-1 contingencies of lines and bus equipment immediately 
surrounding the study bus. Running these N-1 comparisons can help expose model inaccuracies that may otherwise 
                                                           
4 “Short-Circuit Modeling and System Strength” NERC White Paper, February 2018 

https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/Short_Circuit_whitepaper_Final_1_26_18.pdf


Chapter 3: Data Validation (Post Update) 
 

NERC | Inter-Entity Short Circuit Model Technical Report | May 2022 
10 

only appear as smaller discrepancies for N-0 comparisons. Efficiently comparing the N-1 results from two models is 
not always straightforward; however, a macro can be developed to align these values and automate their 
comparison.  
 
As short-circuit models are typically used to evaluate circuit breaker short-circuit ratings and fault duty, it is also a 
best practice to run a comparison of X/R bus ratios. Special attention should be paid to the short-circuit model’s X/R 
preferences and any assumed X or R values the software uses when encountering an X or R equal to zero. 
 
Model Comparison 
Short-circuit software typically has a model comparison routine or program to build a report that describes 
differences between model files of the same type. This report can be helpful when only a few differences exist 
between models; however, the output report may become overbearing when many differences exist that may be 
typical for annually updated models. Additionally, if there is not an easy way to filter or compare model parameter 
differences from the output data, manual review is necessary to find discrepancies above a specified margin. 
 
An alternative approach to using the software’s model comparison program is to export model equipment and 
parameters to a spreadsheet. Parameters from two models can be compared to a margin by using formulas and/or 
macros within the spreadsheet. Once these checks are built, the spreadsheet can be reused in future comparisons if 
the output data and formatting remain consistent. 
 
Comparison with Actual Fault Values 
Real-world fault data is what a system model is attempting to calculate. It stands to reason that validating model data 
through comparison to real-world fault data is useful for validating a short-circuit model. To ensure a valid 
comparison between a model and the real-world, the system configuration in the model must match the real-world 
system configuration at the time of the fault. This includes generators on-line or off-line, normally open points in the 
system, and any abnormal issues (e.g., lines out of service, pre-fault voltage characteristics). With matching system 
configurations, output parameters from the actual fault and the model can be compared to find discrepancies above 
a margin. 
 
When comparing model fault values to actual fault data, it could take months or even years for an actual fault on the 
system to show up. It is also difficult to completely match a model to real world conditions, including location, fault 
impedance, and generation dispatch. For these reasons, this type of comparison is most useful for approximate rather 
than detailed comparisons, but it still can identify major modeling errors. 
 
When event data following a line-to-ground fault from relays at two ends of a transmission line are available, positive, 
negative, and zero sequence line impedances can be calculated and used to verify that transmission line’s model 
data. It is important to note there are several phenomena that can affect calculation results. For example, if a line is 
not transposed, line inconsistency, measurement errors in the current or potential transformer, small fault data 
(three cycles or less) resulting from fast breakers, and a low fault record sampling rate. Similarly, line impedance can 
be validated by using a test set in conjunction with a coupling unit that injects currents into a de-energized line and 
sends voltage measurements back to the test set.5 
 
Comparison with Neighboring Models/Interconnection Buses 
The greatest potential for outside fault current impacts to an entity’s system exists at border locations with 
neighboring entities, so communication of short-circuit models at these locations affects the reliability of the 
interconnected power system. 
 

                                                           
5 Validating Transmission Line Impedances Using Known Event Data. April 2016. Revised edition, SEL, inc. 
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When comparing fault values with neighboring entities, it is important to understand software settings to best match 
short-circuit output values. Make sure that fault current settings are the same as or comparable to neighboring ones 
(e.g., pre-fault bus voltage and generator impedance used in the fault calculation). When using an equivalence at 
seam location, it is recommended to have at least three buses into the neighbor’s system.  
 
Possible Variance Issues 
After updating a short-circuit model, the validation effort may reveal inaccurate data in need of correction. This 
section discusses common issues created when inter-entity models are merged. 
 
Transformer Connections 
For two-winding transformers, a grounded wye can provide a path for zero sequence, unlike a delta winding in which 
zero sequence current cannot pass through. Incorrect modeling of grounded wye, ungrounded wye, or delta windings 
and their associated impedances could be a source of modeling error. The same is true for autotransformers. In a 
two-winding autotransformer with a delta-connected tertiary, the tertiary provides a low impedance path for zero-
sequence current and has a significant impact on ground fault currents.  Correct modeling of transformer impedances 
in addition to the connection is necessary. When modeling a transformer, understanding is needed about how the 
modeling software accounts for base impedance and what equivalent model values the program is looking for. 
 
When converting from one software platform to another, there are known transformer connections and codes that 
do not properly convert. Software manufactures should be consulted prior to conversion if these known issues are 
not understood. Should three-phase fault values look reasonable in a newly updated model near a transformer, but 
unbalanced faults look unreasonable, the transformer connection should be questioned and validated. Most two-
winding autotransformers with a tertiary are grounded wye with a delta tertiary. Such autotransformers that have 
all delta windings or three-winding transformers with all delta windings are likely candidates of modeling error. 
 
Out-of-Tolerance Zero Sequence Impedance Values 
Power flow models may lack zero sequence data since it is unnecessary for a power flow study in a balanced system. 
If converted to a short-circuit model, out-of-tolerance zero sequence data often results. The absence of zero 
sequence impedance data in short-circuit models has occurred in regional short-circuit models, resulting in 
questionable line-to-ground fault current results when solving the short-circuit model. In many cases zero impedance 
values are missing (0.00) or infinite (9999). Similarly, incorrect transformer connections that do not affect power flow 
models can have a significant impact on the short-circuit model. 
 
Generation Type 
Parameters for synchronous machines should provide three different positive sequence values: sub-transient 
reactance (Xd’’), transient reactance (Xd’), and the synchronous reactance (Xd). Since the sub-transient reactance 
(Xd’’) values give the highest initial current value, they are generally used in system short-circuit calculations for high-
speed relay applications. The negative sequence reactance of the turbine generator is typically equal to the sub-
transient reactance (Xd’’). The zero-sequence reactance is much less than the others, producing a phase-to-ground 
fault current magnitude greater than the three-phase fault current magnitude.  
 
Type III wind farms (doubly fed induction generators) are sometimes modeled with a regulated current source. Since 
the fault current is typically limited to 1.2–2.0 pu of maximum MVA capacity, early models sometimes were built 
upon the synchronous machine model with a reactance between 0.5 and 0.9 per unit. Newer models can be more 
sophisticated, better representing the fault contributions. Expected positive sequence values should produce 1.2–2 
times rated MVA as opposed to over 6 times rated MVA for synchronous machines. Expected negative sequence 
impedances should be much larger than the positive sequence. Since wind turbines are typically ungrounded, the 
zero-sequence impedance should be very high. These types of windfarms should produce little negative sequence 
fault current and negligible zero sequence.  
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Type IV wind farms, solar farms, and batteries (IBRs that are converter interface resources) have no direct connection 
to the grid except through the ac/dc–dc/ac electronic converters, so they could be designed to provide negative 
sequence current although they provide little negative sequence current more commonly today. 
 
Historically, IBRs were sometimes modeled as current-limited synchronous machines; however, newer IBR modeling 
advancements more accurately represent IBRs. Prudent checks when validating older short-circuit models should 
include looking for IBR resources where the positive X’’ and negative sequence impedances are the same. This is 
expected for synchronous machines but not for IBRs. Additionally, the zero sequence of an IBR is expected to be very 
high. Lastly, fault current values are expected to be in the range of 1.2–2.0 per unit of maximum MVA. During 
validation, consideration should be given to not only correcting any inaccurate sequence impedances but also 
updating IBR modeling to newer recommendations that may be available from the software manufacture.  
 
As the ratio of IBR/synchronous generators increases, verification of accurate IBR models becomes more crucial to 
system short-circuit values. 
 
Duplicated or Missing Model Paths/Parameters 
Depending upon the method used to update the model, duplication can commonly occur at the seams between 
regions and seams between transmission owners (area or zone numbers). Be watchful for duplication of branches 
and omissions of branches. Branch impedance data changes generally do not occur year-to-year in short-circuit cases. 
Other checks between models include bus count, line count, and mutual impedances. 
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Chapter 4: Conclusion and Recommendations 
 
Updating short circuit models at boundaries connecting to other entities is essential for protection system 
coordination studies and settings.  Whether the updating is performed for entities of a large geographical area or by 
a smaller single entity, there are challenges.  Considerations such as software capabilities with boundary equivalents 
and generation mix is becoming increasingly important factoring in the influx of IBRs.  When weaving together two 
models consistent labeling and formatting is needed and care must be taken to not duplicate, inadvertently change 
or omit model parameters.  Also, there are known and possible unknown issues with software conversions.  Once 
updated, the converted model should be fully validated and corrected prior to publishing for use. 
 
Recommendations to improve the accuracy related to updating inter-entity short circuit models include the following: 

• Regional Entities, Regional Transmission Operators, and other parties that may provide short-circuit models 
intended for utilization in protection system relaying should provide those models in a format compatible 
with industry accepted short circuit software as opposed to industry power flow software.  

• If creating short-circuit models by converting a power flow model, the converted model should be fully 
validated and corrected prior to publishing. There are many errors which can occur during conversions 
including out of tolerance zero sequence impedances and inaccurate power transformer connections. 

• Neighboring system parameters can be difficult to obtain for model validation but necessary for fault current 
flows into a system within a few buses from a bus under study for protection coordination. 

• Modeling of IBRs and software is evolving and requires improvement.  

• Consider adopting the entire model rather than using boundary equivalents at tie lines until improvements 
are made in software tools for creating equivalents that include IBRs. 

• Historically, boundary equivalent sharing has been for peak operating conditions used in short-circuit studies. 
Consider sharing additional operating conditions of significance as applicable. For example, minimum 
synchronous resources with peak IBR dispatch. 

• An improved method for an efficient exchange of data between short-circuit software should be developed. 
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Appendix A: IBR Network Reduction Example 
 
This appendix presents an example that illustrates a need to develop a new methodology to develop network 
equivalents for a system consisting of IBRs.6  
 
One simple and popular tool used to represent network equivalents is the Thévenin impedance. For example, the 
Thévenin impedance of the network at 230 kV bus #1 in Figure A.1 is 0.23% + j 2.39%.  
 

 
Figure A.1: Fault Current Distribution with Photovoltaic Resources Off-Line  

 
One could calculate the bus #1 three-phase fault current magnitude by simply taking an inverse of the Thévenin 
impedance (assuming a pre-fault voltage of 100%), which is 41.7 per unit, or 10 470 A. This matches with the fault 
current calculated by commercial short circuit programs when the PV solar resources noted in Figure A.1 are offline. 
When the nearby PV solar resources are on-line, three-phase bus fault current increases to 11 045 A (44.0 per unit). 
However, the Thévenin impedance calculated by the commercial short circuit program is unchanged. This is expected 
for networks with independent sources because the Thévenin impedance is calculated by replacing the voltage source 
with a short circuit and the current source with an open circuit. As such, the addition of PV solar resources (i.e., 
voltage controlled current sources) should not change the Thévenin impedance as these resources will be replaced 
with an open circuit for calculation of the Thévenin impedance anyway. However, in the presence of inverter-based 
resources, the network behind bus #1 cannot be represented by a pre-fault voltage source behind a Thévenin 
impedance.  
 
There needs to be a way to represent the impact of PV solar resources with an equivalent. One option would be to 
add a current source with magnitude equal to a difference between fault current with and without PV solar resources 
in parallel with a voltage source behind a Thévenin impedance as shown in Figure A.2.  
 

                                                           
6 M. Patel, "Opportunities for Standardizing Response, Modeling and Analysis of Inverter-Based Resources for Short Circuit Studies," in IEEE 
Transactions on Power Delivery, vol. 36, no. 4, pp. 2408–2415, Aug. 2021. 
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Figure A.2: Potential Equivalent of the Network at 230 kV Bus#1 

 
For this example, the difference in fault current is 575 A, or 230% at 100 MVA base. However, as noted before, 
inverter-based resources are voltage controlled current sources. An equivalent of these resources cannot simply be 
a constant current source; it needs to correctly reflect dependency on voltage. Hence, the equivalent shown in Figure 
A.2 is not a correct representation except in one very specific case.  
 
Another alternative is to back-calculate either pre-fault voltage or the Thévenin impedance such that voltage divided 
by the Thévenin impedance equals fault current. For example, if the Thévenin impedance is unchanged, then the pre-
fault voltage could be raised to I×ZTH = 44×0.024 = 1.056 per unit. Alternatively, if it is preferred to keep the pre-fault 
voltage to 100%, then the Thévenin impedance could be lowered to V/I = 1.00/44 = 0.0227 per unit. However, none 
of these alternatives correctly represent the true impact of voltage controlled current sources on the network. These 
alternatives may be used as stopgap measures while new method(s) are developed to create equivalents with the 
presence of inverter-based resources is developed.  
 
This is further illustrated with the analysis of the simple network shown in Figure A.3.  
 

 
Figure A.3: Simple Example–Synchronous Machine And Photovoltaic Resource  

 
The Thévenin impedance of 230 kV bus #1 is 3.0% (sum of impedance of synchronous machine and step-up 
transformer). For a three-phase fault on this bus, it is assumed that PV solar resource injects purely reactive current 
and the magnitude of this current is 753 A (300% at 100 MVA base). The total fault current is then 9120 A. One could 
represent the equivalent of bus #1 as shown in Figure A.2 but with the impedance of 3% and current source 
magnitude of 300%. If this equivalent is used to calculate three-phase fault current at F1, then the contribution from 
a current source would still be 300% and purely reactive. However, the reactive current contribution from the PV 
resource for a fault at F1 is only 580 A in reality. A similar issue arises if the pre-fault voltage or Thévenin impedance 
is back calculated with a fault current at the 230 kV bus. For example, a three-phase fault current at the 230 kV bus 
is 9120 A, or 36.3 per unit. If one chooses to represent an equivalent with a back-calculated pre-fault voltage, then 
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magnitude must equal to I×ZTH = 36.3×0.03 = 1.09 per unit. In this case, equivalent at the 230 kV bus is then a voltage 
source with a magnitude of 109% behind an impedance of 3%. Per this equivalent, the three-phase fault current at 
F1 is then 6840 A, which is slightly higher than the actual fault current of 6712 A. If one chooses to back-calculate the 
Thévenin impedance, then magnitude must be set equal to V/I = (1.0/36.3) = 0.0275 per unit. Using this equivalent, 
the three-phase fault current at F1 is 6693 A compared to the actual fault current of 6712 A. The resulting mismatch 
in the magnitude of fault current is not much; however, this example clearly illustrates that the presence of inverter-
based resources offers a challenge in representing the network with an equivalent that was simply achieved by using 
the Thévenin impedance in synchronous machine dominated networks. The complexity increases when the network 
with high penetration of inverter-based resources needs to be represented with a two-bus-deep equivalent network. 
It may be that IBRs being voltage controlled current sources cannot be correctly represented with equivalent; at a 
minimum, this warrants further research. 
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Reliability and Security 

Technical Committee Meeting 
June 8, 2022 

Standing Committee Coordination Group (SCCG) Update 

Action 
Information 

Summary 
Per the SCCG scope document, the SCCG is to “provide quarterly reports to the standing 
committees for inclusion in their public Agenda posting on cross-cutting initiatives addressing 
risks to the reliability, security, and resilience of the BPS.  This report shall be prepared in 
advance and voted on by the SCCG at the SCCG’s quarterly meetings.” 



Agenda Item 19 
Reliability and Security 

Technical Committee Meeting 
June 8, 2022 

Facility Ratings Task Force Update 

Action 
Information 

Summary 
The Facility Ratings Task Force (FRTF) is a former Joint Task Force between the RSTC and CCC. In 
December 2021, the FRTF scope document and work plan were approved and placed under the 
RSTC. A new NERC staff coordinator was assigned to the FRTF to resume the work of the task 
force. This presentation will provide an update on current and planned activities. 
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Antitrust Compliance Guidelines



I. General

It is NERC’s policy and practice to obey the antitrust laws and to avoid all conduct that unreasonably restrains competition. This policy requires the avoidance of any conduct that violates, or that might appear to violate, the antitrust laws. Among other things, the antitrust laws forbid any agreement between or among competitors regarding prices, availability of service, product design, terms of sale, division of markets, allocation of customers or any other activity that unreasonably restrains competition.



It is the responsibility of every NERC participant and employee who may in any way affect NERC’s compliance with the antitrust laws to carry out this commitment.



Antitrust laws are complex and subject to court interpretation that can vary over time and from one court to another. The purpose of these guidelines is to alert NERC participants and employees to potential antitrust problems and to set forth policies to be followed with respect to activities that may involve antitrust considerations. In some instances, the NERC policy contained in these guidelines is stricter than the applicable antitrust laws. Any NERC participant or employee who is uncertain about the legal ramifications of a particular course of conduct or who has doubts or concerns about whether NERC’s antitrust compliance policy is implicated in any situation should consult NERC’s General Counsel immediately.



II. Prohibited Activities

Participants in NERC activities (including those of its committees and subgroups) should refrain from the following when acting in their capacity as participants in NERC activities (e.g., at NERC meetings, conference calls and in informal discussions):

· Discussions involving pricing information, especially margin (profit) and internal cost information and participants’ expectations as to their future prices or internal costs.

· Discussions of a participant’s marketing strategies.

· Discussions regarding how customers and geographical areas are to be divided among competitors.

· Discussions concerning the exclusion of competitors from markets.

· Discussions concerning boycotting or group refusals to deal with competitors, vendors or suppliers.























· Any other matters that do not clearly fall within these guidelines should be reviewed with NERC’s General Counsel before being discussed.



III. Activities That Are Permitted

From time to time decisions or actions of NERC (including those of its committees and subgroups) may have a negative impact on particular entities and thus in that sense adversely impact competition.

Decisions and actions by NERC (including its committees and subgroups) should only be undertaken for the purpose of promoting and maintaining the reliability and adequacy of the bulk power system. If you do not have a legitimate purpose consistent with this objective for discussing a matter, please refrain from discussing the matter during NERC meetings and in other NERC-related communications.



You should also ensure that NERC procedures, including those set forth in NERC’s Certificate of Incorporation, Bylaws, and Rules of Procedure are followed in conducting NERC business.



In addition, all discussions in NERC meetings and other NERC-related communications should be within the scope of the mandate for or assignment to the particular NERC committee or subgroup, as well as within the scope of the published agenda for the meeting.



No decisions should be made nor any actions taken in NERC activities for the purpose of giving an industry participant or group of participants a competitive advantage over other participants. In particular, decisions with respect to setting, revising, or assessing compliance with NERC reliability standards should not be influenced by anti-competitive motivations.



Subject to the foregoing restrictions, participants in NERC activities may discuss:

· Reliability matters relating to the bulk power system, including operation and planning matters such as establishing or revising reliability standards, special operating procedures, operating transfer capabilities, and plans for new facilities.

· Matters relating to the impact of reliability standards for the bulk power system on electricity markets, and the impact of electricity market operations on the reliability of the bulk power system.

· Proposed filings or other communications with state or federal regulatory authorities or other governmental entities.

· Matters relating to the internal governance, management and operation of NERC, such as nominations for vacant committee positions, budgeting and assessments, and employment matters; and procedural matters such as planning and scheduling meetings.
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