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March 6, 2018 | 1:00 – 5:00 p.m. Eastern 
March 7, 2018 | 8:00 a.m. – noon Eastern 

Hyatt Regency Jacksonville Riverfront 
225 E. Coastline Drive 
Jacksonville, FL 32202 

Welcome and Introductions 

NERC Antitrust Compliance Guidelines and Public Announcement 

Agenda  

1. Remarks and Reports

a. Chair Report – Brian Evans-Mongeon

i. February Board of Trustees Meeting Update – Noman Williams

ii. Joint PC & CIPC assignments

iii. Distributed Energy Resources – Brainstorming Session

iv. Reliability Standards Grading Project

v. Committee leadership updates

b. Remarks by John Moura, Director, Reliability Assessments and System Analysis

2. Consent Agenda – Approve

a. December 12-13, 2017 Meeting Minutes

b. PRC-024-2 Implementation Guidance Email Vote

3. Subcommittee Leadership Reports and PC Work Plan Updates*

a. Performance Analysis Subcommittee (PAS) – Paul Kure

i. Generator Availability Data System Working Group (GADSWG)

ii. Transmission Availability Data System Working Group (TADSWG)

iii. Demand Response Data System Working Group (DADSWG)

b. Reliability Assessment Subcommittee (RAS) – Tim Fryfogle

i. Probabilistic Assessment Working Group (PAWG)

c. System Protection & Control Subcommittee (SPCS) – Mark Gutzmann
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d. Synchronized Measurements Subcommittee (SMS) – Ryan Quint 

e. System Analysis and Modeling Subcommittee (SAMS) – Michael Lombardi 

i. Load Modeling Task Force (LMTF) 

ii. Power Plant Modeling and Verification Task Force (PPMVTF) 

f. Methods for Establishing IROLS Task Force (MEITF) – Ryan Quint 

g. Inverter-Based Resource Performance Task Force (IRPTF) – Jeff Billo 

h. Essential Reliability Services Working Group (ERSWG) – Brian Evans-Mongeon 

i. Geomagnetic Disturbance Task Force (GMDTF) – Emanuel Bernabeu  

i. Status of NERC Rules of Procedure Section 1600 Data Request for GMD Data 

4. Items for Approval, Endorsement, or Acceptance* 

a. PC Charter – Approve – Brian Evans-Mongeon 

b. Essential Reliability Services Working Group (ERSWG) Technical and Policymakers Briefs – 
Approve – Mark Ahlstrom 

i. Technical Brief on ERS Measures 1, 2, and 4 Frequency Response using a Forward-Looking 
Frequency Analysis  

ii. Brief for Regulators and Policymakers on ERS Measures 1, 2, and 4 Frequency Response 
using a Forward-Looking Frequency Analysis 

iii. Disposition of ERS Measure 3: Synchronous Inertial Response at the BA Level  

iv. Technical Brief on ERS Measure 6 using Forward-Looking Net Demand Ramping Variability 

v. Technical Brief on Data Collection Recommendations for Distribution Energy Resources 

5. Discussion Topics– Information*  

a. Discuss Draft Action Plan for Addressing 2017 Reliability Assessment Report Recommendations 
– Noman Williams  

b. Review RISC’s ERO Reliability Risk Priorities Report – Brian Evans-Mongeon / John Moura 

c. Discuss Resilience Framework – Brian Evans-Mongeon / John Moura 

d. Probabilistic Adequacy and Measures Technical Reference Report – Noha Abdel-Karim 

e. FERC Order No. 830 GMD Research Work Plan – Emanuel Bernabeu 

f. Special Reliability Assessment on Accelerated Generation Retirements Impacts - Update – 
Mark Olson 

g. Reliability Standards Project 2015-10 Single Points of Failure (Proposed TPL-001-5) - Update – 
Bill Harm and Delyn Kilpack  

h. U.S. Department of Energy Advanced Grid Modeling Program – Ali Ghassemian 
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i. Member Roundtable 

i. 2017-2018 Winter Weather Impacts and Observations 

6. Closing Remarks – Brian Evans-Mongeon 

7. Adjournment 

8. Future In-person Meetings 

a. June 5-6, 2018 | New Orleans, LA 

b. September 11-12, 2018 |Minneapolis, MN 

c. December 11-12, 2018 | Atlanta, GA 
*Background materials included, if appropriate. 



 

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. 
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• 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. 
 



 

 

Public Announcements 
 
 
 
REMINDER FOR USE AT BEGINNING OF MEETINGS AND CONFERENCE CALLS THAT HAVE BEEN 
PUBLICLY NOTICED AND ARE OPEN TO THE PUBLIC 
 
Face-to-face meeting version: 
Participants are reminded that this meeting is public. Notice of the meeting was posted on the NERC 
website and widely distributed.  Participants should keep in mind that the audience may include 
members of the press and representatives of various governmental authorities, in addition to the 
expected participation by industry stakeholders. 
 
 
 

August 10, 2010 
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Planning Committee Charter 

 
 
Action 
Approve 
 
Background 
The Planning Committee Executive Committee (PCEC) and NERC staff have developed revisions 
to the PC charter. The charter was last approved by the NERC Board of Trustees in August 2016. 
The revisions are intended to: 

• Provide more specific Action Without a Meeting policy, including authority and 
processes for the PCEC to act on behalf of the committee (Section 3); 

• Clarify the meaning of committee actions on deliverables (Approval, Endorsement, 
Acceptance, and Authorization to Post) (Appendix 2); and 

• minor revisions for clarity throughout the document. 

PC leadership will present the proposed charter to the PC for approval during the meeting. 
Following PC approval, the charter will be provided to the NERC Board at their next scheduled 
meeting.  
 
Proposed motion language: I move for the Planning Committee to approve the PC Charter as 
presented.  
 
 
 
Summary 
Leave Blank for meeting participant notes 
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Preface  
 
The North American Electric Reliability Corporation (NERC) is a not-for-profit international regulatory authority 
whose mission is to assure the reliability of the bulk power system (BPS) in North America. NERC develops and 
enforces Reliability Standards; annually assesses seasonal and long-term reliability; monitors the BPS through 
system awareness; and educates, trains, and certifies industry personnel. NERC’s area of responsibility spans the 
continental United States, Canada, and the northern portion of Baja California, Mexico. NERC is the electric 
reliability organization (ERO) for North America, subject to oversight by the Federal Energy Regulatory Commission 
(FERC) and governmental authorities in Canada. NERC’s jurisdiction includes users, owners, and operators of the 
BPS, which serves more than 334 million people.  
 
The North American BPS is divided into eight Regional Entity (RE) boundaries as shown in the map and 
corresponding table below. 

 
The North American BPS is divided into eight Regional Entity (RE) boundaries. The highlighted areas denote overlap as some 
load-serving entities participate in one Region while associated transmission owners/operators participate in another. 
 

FRCC Florida Reliability Coordinating Council 

MRO Midwest Reliability Organization 

NPCC Northeast Power Coordinating Council 
RF ReliabilityFirst  

SERC SERC Reliability Corporation 

SPP RE Southwest Power Pool Regional Entity 
Texas RE Texas Reliability Entity 

WECC Western Electricity Coordinating Council 
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Section 1: Purpose and Function 
 
Purpose 
The NERC Planning Committee (PC) is a forum for aggregating ideas and interests regarding the reliable planning 
and assessment of the interconnected North American BPS.  The Planning Committee (PC) proactively supports 
the NERC and Electric Reliability Organization (ERO) enterpriseEnterprise mission, vision, and relevant NERC 
program areas.  The PC achieves this by carrying out an array of functions and responsibilities focused on the 
planning and assessment of interconnected bulk power system (BPS) with the objective of maintaining and 
improving reliability. The PC performs its Functions as defined below in accordance with the NERC Bylaws and 
Rules of Procedures. 
 
Function 
The committee provides NERC’s Board of Trustees (NERC Board), stakeholders, and staff with technical advice, 
recommendations, and unbiased assessment of issues related to BPS planning, reliability, and resource adequacy 
to promote informed decisions.   
 
The PC will develop and maintain a Strategic Plan, along with an associated Work Plan, to address the functions 
described herein. The Strategic Plan will be revisited as needed to maintain alignment with the Electric Reliability 
Organization (ERO) enterprise.  As changes to the PC Strategic Plan become necessary, the PC will advise the NERC 
Board of changes in strategies and priorities being considered.The Work Plan will be updated quarterly to track 
the progress of committee-related deliverables (additional guidance provided in Section 5). 
 
The PC supports the priorities of the NERC ERO enterpriseEnterprise, providing a technical foundation for 
reliability issues, including: 

• Reliability Assessments – :  

 Oversee the preparation and conductconducts technical reviews of reliability assessments for the 
NERC Board of Trustees. Additional;  

• Provides additional guidance on committee review and approval, endorsement, or acceptance of PC 
deliverables is providedas discussed in Appendix 2. 

• Emerging Issues and Reliability Concerns – Identify:  

• Identifies and assessassesses emerging issues within the electric industry and address other reliability 
concerns, including those assigned by NERC’s Board of Trustees.  

• Technical Planning Analyses – Direct:  

 Directs the development of technical analyses, model validation, and key risks., Prepare; 

• Prepares technically accurate and comprehensive reports addressing identified risk areas (e.g., 
variable generation, smart grid, etc.). Provide recommendations to facilitate the mitigation of the 
identified reliability risks.  Provide oversight, guidance, and direction to address key planning-related 
issues..);  

 Provides recommendations to facilitate the mitigation of the identified reliability risks;  

 Provides oversight, guidance, and direction to address key planning-related issues. 

• Standards Input – Provide:  

 Provides technical expertise and feedback to Standard Authorization Requests (SARs) that have 
planning-related impacts. Coordinate; 
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 Coordinates with the Standards Committee to maintain alignment with PC-related efforts, and 
provideprovides reliability risk information for prioritization of SARs and new Reliability Standards. 
Provide;  

• Provides technical input to support the development of key reliability planning-related Reliability 
Standards.  

• Metrics – Provide:  

• Provides direction, technical oversight, and feedback on the performance of the BPS through the 
design and application of NERC Adequate Level of Reliability (ALR) metrics.   

• Event Analysis – Support:  

• Supports disturbance reporting and event analysis activities, providing lessons-learned and other 
insights to promote industry awareness and enhance BPS reliability.  

• NERC Alerts – Support:  

• Supports the review and deployment of requests for industry actions and informational responses.   

• TechnicalReliability Guidelines, Reference Documents, and Technical Reports – :  

• Oversee the developdevelopment of reliability guidelines, white papers, technical reports and 
reference documents to address emerging issues and industry concerns related to system planning.  
in accordance with the process described in Appendix 2. 

• Compliance Input – Provide:  

• Provides technical expertise and feedback on the potential impact of emerging issues on the 
development of NERC’s annual compliance program. 

• Reliability Guidelines – Issue reliability guidelines in accordance with the process described in Appendix 
2. 

• Strategic Plan and Work Plan – The PC will develop and maintain a Strategic Plan and an associated Work 
Plan to address the functions described above. The Work Plan will be updated quarterly to track the 
progress of committee-related deliverables (additional guidance provided in Section 5). The Strategic Plan 
will be revisited as needed to maintain alignment with the NERC Electric Reliability Organization (ERO) 
enterprise.  As changes to the PC Strategic Plan become necessary, the PC will advise the NERC Board of 
changes in strategies and priorities being considered. 
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Section 2: Membership 
 
Goals 
The PC membership includes subject matter experts (SMEs) from across the industry with technical knowledge 
and experience in the area of interconnected systems planning and reliability assessment.  
 
Expectations 
PC voting members are expected to:  

• Bring applicable subject matter expertise to the PC with a constructive and collaborative approach;  

• Attend and participate in all PC meetings; 

• Express their opinions as well as the opinions of the sector they represent at committee meetings; 

• Discuss and debate interests rather than positions; 

• Complete committee assignments on time; and 

• Inform the PC Secretary of any changes in their status that may affect their eligibility for committee 
membership.  The chair may dismiss members who fail to do so in a timely manner.. 

 
Representation 
Committee members may, but need not be, NERC members. A non-voting representative must meet the 
requirements defined in Appendix 1.  Voting committee members (except for sector 11 that appoints its members) 
may only hold a position in any sector in which they would have been eligible for NERC membership, even if they 
are a NERC member in another sector, provided, the company of the voting committee member may not 
represent more than one committee sector as referenced below under the section on Selection.  Questions 
regarding eligibility for committee membership will be referred to the NERC General Counsel for final 
determination. To ensure adequate Canadianinternational representation, the membership of the committee 
may be increased so that the number of Canadian voting members from Canada is equal to the percentage of the 
net energy for load (NEL) of Canada to the total NEL of the United States and Canada, times the total number of 
voting members on the committee, rounded to the next whole number, based on the NEL figures from the most 
recent calendar year.  Additional information is provided in Appendix 1. 
 
Selection 
Except for sector 11, NERC sector members will annually elect voting committee members to committee sectors 
corresponding to their NERC sector under an election process that is open, inclusive, and fair.  The selection 
process will be completed in time for the PC Secretary to send the committee membership list to the NERC Board 
for approval at their August meeting so that new committee members may be seated at the September meeting.  
 
Un-nominated voting member positions will remain vacant until the next annual or special election.  If a vacancy 
in an elected sector is created by a resignation or other cause, a special election will be held unless it would 
coincide with the annual election process.  Special elections shall follow the same procedure as the annual 
election. 
 
Members may not represent more than one committee sector. A particular organization, including its affiliates, 
may not have more than one member on the committee. 
 
If additional Canadian members are added, no more than one additional Canadian voting member shall be 
selected from a sector unless this limitation precludes the addition of the number of additional Canadian voting 
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representatives as specified in Appendix 1.  In this case, no more than two additional Canadian voting members 
may be selected from the same sector. 
 
The PC Secretary will monitor the committee selection process to ensure that membership specifications are met. 
 
After the PC Secretary announces the election results, the newly elected members will serve on the committee 
pending approval by the NERC Board.  The PC Secretary will submit the newly elected members’ names to the 
NERC Board for approval at the next regular meeting. 
 
Terms 
Members’ terms are staggered, with one-half of the members' terms expiring each year.  Except for the cases 
described below, a member’s term is two years.  Members may be re-elected for subsequent terms.  Shorter 
terms may be required for several reasons: (i) If two members are simultaneously selected to a sector that did not 
have any existing members, in order to stagger their terms, one member will be assigned a one-year term and the 
second member will be assigned a two-year term.  (ii) If a member replaces a departed member between 
elections, the new member will assume the remaining term of the departed member.  (iii) If a member is selected 
to fill a vacant member position between elections, his/her term will end when the term for that vacant position 
ends. 
 
Resignations, Vacancies, and Nonparticipation 
Members who resign willmay be replaced for the time remaining in the member’s term.  MembersWhen members 
and officers willare to be selected or replaced, it will be done pursuant to Section 4, and PC Executive Committee 
members will be replaced pursuant to Section 6. 
 
Newly elected or appointed members will serve on the committee pending approval by the NERC Board.  The PC 
Secretary will submit new members’ names to the NERC Board for approval at the next regular meeting. 
 
The committee chair will contact any member who has missed two consecutive meetings (even if the member has 
sent a proxy) to:  1.) seek a commitment to actively participate; or 2.) ask the member to resign from the 
committee. 
 
The chair may remove any member who has missed two consecutive meetings (even with a proxy). 
 
Proxies 
A member of the committee is authorized to designate a proxy.  A member of the committee may give a proxy 
only to a person who:   

• meets the member’s eligibility requirements and is not affiliated with the same organization as another 
committee member, or  

• is not another committee member, unless that committee member would represent the proxy’s sector 
instead of his/her own sector at the meeting. (Additional guidance is provided in Section 4 and Appendix 
1) 

 
To permit time to determine a proxy’s eligibility, proxies must be submitted to the PC Secretary in writing at least 
one week prior to the meeting (electronic transmittal is acceptable).  Any proxy submitted after that time will be 
accepted at the chairman’s discretion, provided that the chairman believes the proxy meets the eligibility 
requirements. 
 
 



 

NERC | Planning Committee Charter | August 2016 
8 

Section 3: Meetings 
 
Unless stated otherwise, The PC will follow Robert’s Rules of Order, Newly Revised. 1 
 
Quorum 
A quorum requires two-thirds of voting members, based on the votes allocated to each section.  
 
Antitrust Compliance Guidelines 
All persons attending or otherwise participating in the committee meeting shall act in accordance with 
NERC’sAntitrustNERC’s Antitrust Compliance Guidelines at all times during the meeting.  A copy of the NERC 
Antitrust Compliance Guidelines shall be included with each meeting agenda. 
 
Open Meetings 
NERC committee meetings shall be open to the public except during Confidential Sessions (noted below).  
Although meetings are open, only voting members may offer and act on motions. 
 
Confidential Sessions 
The committee chair may limit attendance at a meeting or portion of a meeting, based on confidentiality of the 
information to be disclosed at the meeting.  Such limitations should be applied sparingly and on a 
nondiscriminatory basis as needed to protect information that is sensitive to one or more parties.  A preference, 
where possible, is to avoid the disclosure of sensitive or confidential information so that meetings may remain 
open to the greatest possible extent. Confidentiality agreements may also be applied as necessary to protect 
sensitive information. 
 
Voting 
Voting may be conducted during regularly scheduled in-person meetings, via electronic mail (email), or through a 
scheduled conference call. All actions by the committee shall be approved upon receipt of the affirmative vote of 
two-thirds of the members present and voting at a meeting at which quorum is present.  The chair and vice-chair 
may vote.  
 
Voting Procedures for Motions 

1. The default procedure is a voice vote. 

2. If the chair believes the voice vote is not conclusive, he/she may call for a show of hands. 

3. The chair will not specifically ask those who are abstaining to identify themselves when voting by voice or 
a show of hands. 

4. The committee maychair will conduct a roll-call vote in those situations that need a record of each 
member’s vote. 

a. The committee must approve conducting a roll-call vote for the motion. 

b.a. The PC Secretary will call each member’s name. 

c.b. Members may answer “yes,” “no,” or “present” if they wish to abstain from voting. 
 

                                                           
1 http://www.robertsrules.com/  

http://www.robertsrules.com/
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Action without a Meeting 
The PC may act by electronic (email) ballot without abetween regularly scheduled meeting. Two-thirds of the 
active members is required to approve any actionmeetings. The PC chair or four members (each from different 
industry segments) may initiate the request for such action without a meeting.. The PC Secretary shall send notice 
of the subject matter, the requested action, and the timing for balloting electronically to PC members of the 
subject matter for action not less than five (5) business days prior to the date on which the action is to be voted. 
Two-thirds of the active members is required to approve any action. The PC Secretary shall distribute a written 
notice to the PC of the results of such action within five (5) business days following the vote. The PC Secretary 
shall keep a record of all responses from the PC members. 
 
 Additionally, the PCEC is also permitted to act on behalf of the PC outside of regularly scheduled meetings when 
conditions warrant a decision prior to the next meeting, or to take other actions, including but not limited to:  

1. Taking actions delegated by the full PC, 
2. Authorizing the posting PC deliverables described in Appendix 2 for comment periods; or 
3. Providing guidance and advice to subcommittee, working group, and task force chairs. 

Any PCEC action: 1) cannot overrule a prior PC voted decision, and 2)  must have a unanimous approval vote from 
the PCEC in order for the action to be taken. The PC chair may initiate the request for such action. At the next PC 
meeting, there shall be an agenda item where the PC shall be informed of the action taken by the PCEC during the 
time between meetings. 
 
Meeting Minutes 

1. General guidelines: 

a. Meeting minutes are a record of what the committee did, not what its members said. 

b. Minutes should list discussion points where appropriate, but should usually not attribute comments 
to individuals.  It is acceptable to cite the chair’s directions, summaries, and assignments. 

c. Do not list the person who seconds a motion. 

d. Do not record (or ask for) abstentions. 

2. Minority Opinions - All committee members are afforded the opportunity to provide alternative views on 
an issue.  The meeting minutes will provide an exhibit to record minority opinions.  The chair shall report 
both the majority and any minority views in presenting results to the NERC Board. 

3. Personal Statements - The minutes will also provide an exhibit to record personal statements. 
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Section 4: Officers 
 
Selection 
At its June meeting and every two years thereafter, the committee shall select a chair and vice-chair from among 
its voting members by majority vote of the members of the committee to serve as chair and vice-chair of the 
committee from the end of that June meeting until the end of the June meeting two years later. 
 
Terms  
The chair and vice-chair serve two-year terms. 
 
Representation 
The chair and vice-chair shall not be from the same sector.  
 
The chair and vice-chair, upon assuming such positions, shall cease to act as members of the sectors that elected 
them as members to the committee and shall thereafter be responsible for acting in the best interests of the 
members as a whole. 
 
NERC Board Approval 
Pending approval by the NERC Board, the newly elected officers will assume their duties.  The PC Secretary will 
submit the names of the elected officers to the chair of the NERC Board for approval at the next regular meeting. 
 
Officer Selection Process 
The committee selects officers using the following process.  The chair is selected first, followed by the vice-chair. 

1. The chair opens the floor for nominations. 

2. After hearing no further nominations, the chair closes the nominating process. 

3. If the committee nominates one person, that person is automatically selected as the next chair.  

4. If the committee nominates two or more persons, then the PCSecretary will distribute paper ballots for 
the members to mark their preference.  

5. The PCSecretaryPC Secretary will collect the ballots.  If the committee nominates three or more 
candidates, then the winner will be selected using the Instant Runoff Process(explained in Robert’s Rules 
of Order). 
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Section 5: Subgroups 
 
Structure 
The PC may appoint technical subcommittees, task forces, and working groups as needed. The PC is responsible 
for directing the work of these subgroups and for their work products.  Committee subgroups will be tied to the 
PC Strategic Plan and generally be structured as follows: 

 

Committee Subgroups 

 Scope Duration Approvals Leadership 

Subcommittee 

• Oversee broad 
processes 

• Manage cyclical 
deliverables 

Long-term 

Consensus 
seeking; vote as 
specified by its 
scope 

Nominated by subcommittee; 
Approved by PC Leadership 

Working 
Group 

• Oversee specific data 
systems 

• Support specific 
initiatives 

• Support parent 
subcommittee 

Long-term 
Consensus 
seeking; non-
voting 

Nominated by working group, parent 
subcommittee, or direct 
appointment by the NERC Technical 
Committees; approved by PC 
Leadership 

Task Force 

• Support specific 
initiatives 

• Support parent 
subcommittee 

Short-term 
Consensus 
seeking; non-
voting 

Nominated by task force, parent 
subcommittee, or direct 
appointment by the NERC Technical 
Committees; approved by PC 
Leadership 

 
Scopes 
PC subgroup scopes should avoid any language that conflicts with this PC charter.  Subcommittees and working 
groups should review their respective scopes on an annual-basis and submit proposed updates to the PC Secretary 
prior to the December committee meetings.  New PC subgroup scopes and substantial revisions to existing scopes 
will be reviewed by the PC Executive Committee, who will determine whether an approval vote is needed by the 
full committee, prior to finalizing and posting on the NERC website. 
 
Work Plan 
PC subgroup leadership will coordinate with the PC Secretary to support the quarterly update to their section of 
the PC Work Plan. 
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Section 6: Executive Committee 
 
Authorization 
The PC Executive Committee (PCEC) is authorized to act between regular meetings of the PC.  However, the 
Executive CommitteePCEC may not reverse the PC’s decisions. 
 
Membership 
The PC Executive CommitteePCEC is comprised of the PC chair, the PC vice-chair, and four at-large members.  The 
committee will nominate and elect the four at-large members of the Executive CommitteePCEC every two years 
at its September meeting.  No two members may be from the same sector. 
 
Election Process 

1. The chair opens the floor for nominations. 

2. If the committee members nominate four or fewer candidates, then those candidates are automatically 
elected. 

3. If the committee members nominate more than four candidates, then the PC Secretary will distribute 
paper ballots for the members to list their top four candidates. 

4. The four candidates who receive the most votes will be elected, provided that no two candidates may be 
from the same sector. 

 
Terms 
The PC Executive CommitteePCEC will be replaced every two years, with the chair and vice-chair replaced at the 
June meeting and the at-large members replaced at the September meeting. 
 
Assignment Review and Delegation 
The PC Executive CommitteePCEC is responsible for reviewing and responding to assignments recommended for 
PC action from NERC reports and/or other NERC committees.  This responsibility includes determining which PC 
subgroup is most appropriately suited to execute a given assignment. 
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Appendix 1: Committee Members 
 

Committee Members 

Sector Name Description Members Votes 

Voting Members  

1. Investor-owned 
utility  

This sector includes any investor-owned entity with substantial business interest in 
ownership and/or operation in any of the asset categories of generation, transmission, 
or distribution.  This sector also includes organizations that represent the interests of 
such entities. 

2 2 

2. State/municipal 
utility 

This sector includes any entity owned by or subject to the governmental authority of a 
state or municipality, that is engaged in the generation, delivery, and/or sale of 
electric power to end-use customers primarily within the political boundaries of the 
state or municipality; and any entity, whose members are municipalities, formed 
under state law for the purpose of generating, transmitting, or purchasing electricity 
for sale at wholesale to their members.  This sector also includes organizations that 
represent the interests of such entities.   

2 2 

3. Cooperative 
utility 

This sector includes any non-governmental entity that is incorporated under the laws 
of the state in which it operates, is owned by and provides electric service to end-use 
customers at cost, and is governed by a board of directors that is elected by the 
membership of the entity; and any non-governmental entity owned by and which 
provides generation and/or transmission service to such entities.  This sector also 
includes organizations that represent the interests of such entities. 

2 2 

4. Federal or 
provincial 
utility/Federal 
Power Marketing 
Administration 

This sector includes any U.S. federal, Canadian provincial, or Mexican entity that owns 
and/or operates electric facilities in any of the asset categories of generation, 
transmission, or distribution; or that functions as a power marketer or power 
marketing administrator.  This sector also includes organizations that represent the 
interests of such entities. One member will be a U.S. federal entity and one will be a 
Canadian provincial entity. 

4 4 

5. Transmission 
dependent utility 

This sector includes any entity with a regulatory, contractual, or other legal obligation 
to serve wholesale aggregators or customers or end-use customers and that depends 
primarily on the transmission systems of third parties to provide this service.  This 
sector also includes organizations that represent the interests of such entities. 

2 2 

6. Merchant 
electricity 
generator 

This sector includes any entity that owns or operates an electricity generating facility 
that is not included in an investor-owned utility’s rate base and that does not 
otherwise fall within any of sectors (i) through (v).  This sector includes but is not 
limited to cogenerators, small power producers, and all other non-utility electricity 
producers such as exempt wholesale generators who sell electricity at wholesale.  This 
sector also includes organizations that represent the interests of such entities. 

2 2 

7. Electricity 
marketer 

This sector includes any entity that is engaged in the activity of buying and selling of 
wholesale electric power in North America on a physical or financial basis.  This sector 
also includes organizations that represent the interests of such entities. 

2 2 

8. Large end-use 
electricity 
customer 

This sector includes any entity in North America with at least one service delivery 
taken at 50 kV or higher (radial supply or facilities dedicated to serve customers) that 
is not purchased for resale; and any single end-use customer with an average 
aggregated service load (not purchased for resale) of at least 50,000 MWh annually, 
excluding cogeneration or other back feed to the serving utility. This sector also 
includes organizations that represent the interests of such entities. 

2 2 
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9. Small end-use 
electricity 
customer 

This sector includes any person or entity within North America that takes service 
below 50 kV; and any single end-use customer with an average aggregated service 
load (not purchased for resale) of less than 50,000 MWh annually, excluding 
cogeneration or other back feed to the serving utility.  This sector also includes 
organizations (including state consumer advocates) that represent the interests of 
such entities. 

2 2 

10. Independent 
system 
operator/regional 
transmission 
organization 

This sector includes any entity authorized by the Commission to function as an 
independent transmission system operator, a regional transmission organization, or a 
similar organization; comparable entities in Canada and Mexico; and the Electric 
Reliability Council of Texas or its successor.  This sector also includes organizations 
that represent the interests of such entities. 

2 2 

11. Regional Entity This sector includes any Regional Entity as defined in Article I, Section 1, of the Bylaws 
of the corporation.  In aggregate, this sector will have voting strength equivalent to 
two members.  The voting weight of each regional member’s vote will be set such that 
the sum of the weight of all available Regional Entity members’ votes is two votes. 

8 2 

 
RE 

FRCC 
RF 

Texas RE 
MRO 
NPCC 
SERC 

SPP RE 
WECC 

Number of 
Members 

1 
1 
1 
1 
1 
1 
1 
1 

 
Proportional Voting 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

 

12. State 
government 

(See Government representatives below) 2 2 

13. Officers Chair and Vice-Chair 2 2 

Total Members 34 28 

Non-Voting Members 2 

Government 
representatives 

This sector includes any federal, state, or provincial government department or agency 
in North America having a regulatory and/or policy interest in wholesale electricity. 
Entities with regulatory oversight over the Corporation or any Regional Entity, 
including U.S., Canadian, and Mexican federal agencies and any provincial entity in 
Canada having statutory oversight over the Corporation or a Regional Entity with 
respect to the approval and/or enforcement of Reliability Standards, shall be non-
voting members of this sector, except the two representatives of state governments. 

  

United States federal government 2 0 

Canadian federal government 1 0 

Provincial government 1 0 

Secretary The committee secretary will be seated at the committee table. 1 0 

Subcommittee Chairs The chairs of the subcommittee will be seated at the committee table. Varies 0 

 

                                                           
2 Industry associations and organizations and other government agencies in the U.S. and Canada may attend meetings as non-voting 
observers. 
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Appendix 2: Deliverables and Approvals 
 
Committee Deliverables 
 
Reports required under the NERC Rules of Procedure or as directed by an Applicable Governmental Authority 
or the NERC Board:  documents include NERC’s long-term reliability assessment, special assessments, and 
probabilistic assessments.  These reports may also be used as the technical basis for Standards actions and can be 
part of informational filings to FERC or other government agencies. 
 
White Papers:  documents that explore technical facets of topics, often making recommendations for further 
action. They may be written by subcommittees, working groups, or task forces of their own volition, or at the 
request of the PC. 
 
Technical Guidelines, Reference Documents, and Technical Reports:  documents that serve as a reference for the 
electric utility industry and/or NERC stakeholders regarding a specific topic of interest. These deliverables are 
intended to document industry practices or technical concepts at the time of publication and may be updated as 
deemed necessary, per a recommendation by the PC or its subgroups to reflect current industry practices. 
 
Reliability Guidelines:  documents that suggest approaches or behavior in a given technical area for the purpose 
of improving reliability.  Reliability guidelinesGuidelines are not enforceable.  Reliability Guidelines may be 
adopted by a responsible entity in accordance with its own facts and circumstances.3 
 
Implementation Guidance: Documents providing examples or approaches for registered entities to comply with 
standard requirements. The PC is designated by the ERO Enterprise as a pre-qualified organization for vetting 
Implementation Guidance in accordance with NERC Board-approved Compliance Guidance Policy. 
Implementation Guidance that is endorsed by the PC can be submitted to the ERO Enterprise for endorsement, 
allowing for its use in Compliance Monitoring and Enforcement Program (CMEP) activities.   
 
Review Periods 
Deliverables with a deadline established by NERC Management or the NERC Board will be developed based on a 
timeline reviewed by the PC to allow for an adequate review period, without compromising the desired report 
release dates. 
 
Due to the need for flexibility in the review and approval process, timelines are provided as guidelines to be 
followed by the committee and its subgroups.  A default review period of no less than 10 business days will be 
provided for all committee deliverables.  Requests for exceptions may be brought to the PC at its regular meetings 
or to the PC Executive CommitteePCEC if the exception cannot wait for a PC meeting.  In all cases, a final report 
may be considered for approval, endorsement, or acceptance if the PC or PCEC, as outlined above, decides to act 
sooner. 
 
Approval, Endorsement, and Acceptance of Committee Deliverables  
The committee will abide by the following parameters regarding approval, endorsement, or acceptance of 
committee deliverables.  In general, the committee will seek endorsement or acceptance of all deliverables.  If a 
deliverable is not approved or endorsed, any PC member can introduce a motion for acceptance of the deliverable. 
 

                                                           
3 Standards Committee authorization is required for a reliability guideline to become a supporting document that is posted with or 

referenced from a NERC Reliability Standard.   
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Where the PC is the final authority on the deliverable4 
Approval or Endorsement: :  The committee has reviewed the deliverable and supports the content and 
development process, endorsingincluding any recommendations.   
 
Acceptance: The committee has reviewed the deliverable and supports the development process used to 
complete the deliverable.  

If a deliverable for PC approval is not approved, any PC member can introduce a motion for acceptance of the 
deliverable. The PC may, rather than approve or accept the deliverable, remand the deliverable to the originating 
subcommittee, refer it to another group, direct other action by the PC or one of its subcommittees or groups, or 
determine that no further action is needed. 

Where the PC is not the final authority on the deliverable 
Endorsement: The committee 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 PC by other 
NERC committees.  Committee approvals and 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 committee approval or endorsement will be presented to the PC in a timely manner. 
 
If the PC does not agree with the deliverable and supports the development process, but does not formally 
endorse theor its recommendations. , it may decline endorsement. It is recognized that this does not prevent an 
approval authority from further action.  
 
 
Endorsement Process for Section 1600 Data or Information Requests 
A report requested by the PC that accompanies or recommends a Rules of Procedure (ROP) Section 1600 - Data 
or Information Request will follow the process outlined below: 

1. This Section 1600 request, with draft supporting documentation, will be provided to the PC at a regular 
meeting. 

2. The draft Section 1600 data request and supporting documentation will be considered for 
approvalauthorization to post for comments at the PC regular meeting. 

3. A committee subgroup will review and develop responses to comments on the draft Section 1600 data 
request and will provide a final draft report, including all required documentation for the final data 
request, to the PC at a regular meeting for endorsement. 

4. The final draft of the 1600 data request – with responses to all comments and any modifications made to 
the request based on these comments – will be provided to the NERC Board. 

 
Approval Process for Reliability Guidelines 
Because reliability guidelines contain suggestions that may result in actions by responsible entities, those 
suggestions must be thoroughly vetted before a new or updated guideline receives approval by a technical 
committee.  The process described below will be followed by the PC: 

1. New/updated draft guideline approvedauthorized for industry posting.  The PC approves forauthorizes 
posting for industry comment the release of a new or updated draft guideline developed by one of its 
subgroups or the committee as a whole. 

                                                           
4 The Planning Committee is the final authority where it has stated in policy, rule, or decided by the Board of Trustees that such authority 
is directed.   
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2. Post draft guideline for industry comment.  The draft guideline is posted for industry-wide comment for 
forty-five (45) days.  If the draft guideline is an update, a redline version against the previous version must 
also be posted. 

3. Post industry comments and responses.  After the public comment period, the PC will post the comments 
received as well as its responses to the comments.  The committee may delegate the preparation of 
responses to a committee subgroup. 

4. New/updated guideline approval and posting.  A new or updated guideline which considers the comments 
received, is approved by the PC and posted as “Approved” on the NERC Web site.  Updates must include 
a revision history and a redline version against the previous version. 

5. Guideline updates.  After posting a new or updated guideline, the PC will continue to accept comments 
from the industry via a Web-based forum where commenters may post their comments. 

a. Each quarter, the PC will review the comments received.  At any time, the PC may decide to update 
the guidelineGuideline based on the comments received or on changes in the industry that 
necessitate an update. 

b. Updating an existing guidelineGuideline will require that a draft updated guideline be approved by 
the PC in step 1 and proceed to steps 2 and 3 until it is approved by the PC in step 4. 
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Preface  
 
The North American Electric Reliability Corporation (NERC) is a not-for-profit international regulatory authority 
whose mission is to assure the reliability of the bulk power system (BPS) in North America. NERC develops and 
enforces Reliability Standards; annually assesses seasonal and long-term reliability; monitors the BPS through 
system awareness; and educates, trains, and certifies industry personnel. NERC’s area of responsibility spans the 
continental United States, Canada, and the northern portion of Baja California, Mexico. NERC is the electric 
reliability organization (ERO) for North America, subject to oversight by the Federal Energy Regulatory Commission 
(FERC) and governmental authorities in Canada. NERC’s jurisdiction includes users, owners, and operators of the 
BPS, which serves more than 334 million people.  
 
The North American BPS is divided into eight Regional Entity (RE) boundaries as shown in the map and 
corresponding table below. 

 
The North American BPS is divided into eight Regional Entity (RE) boundaries. The highlighted areas denote overlap as some 
load-serving entities participate in one Region while associated transmission owners/operators participate in another. 
 

FRCC Florida Reliability Coordinating Council 

MRO Midwest Reliability Organization 

NPCC Northeast Power Coordinating Council 
RF ReliabilityFirst  

SERC SERC Reliability Corporation 

SPP RE Southwest Power Pool Regional Entity 
Texas RE Texas Reliability Entity 

WECC Western Electricity Coordinating Council 
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Section 1: Purpose and Function 
 
Purpose 
The NERC Planning Committee (PC) is a forum for aggregating ideas and interests regarding the reliable planning 
and assessment of the interconnected North American BPS.  The Planning Committee (PC) proactively supports 
the Electric Reliability Organization (ERO) Enterprise mission, vision, and relevant NERC program areas.  The PC 
achieves this by carrying out an array of functions and responsibilities focused on the planning and assessment of 
interconnected bulk power system (BPS) with the objective of maintaining and improving reliability. The PC 
performs its Functions as defined below in accordance with the NERC Bylaws and Rules of Procedures. 
 
Function 
The committee provides NERC’s Board of Trustees (NERC Board), stakeholders, and staff with technical advice, 
recommendations, and unbiased assessment of issues related to BPS planning, reliability, and resource adequacy 
to promote informed decisions.   
 
The PC will develop and maintain a Strategic Plan, along with an associated Work Plan, to address the functions 
described herein. The Strategic Plan will be revisited as needed to maintain alignment with the Electric Reliability 
Organization (ERO) enterprise.  As changes to the PC Strategic Plan become necessary, the PC will advise the NERC 
Board of changes in strategies and priorities being considered. The Work Plan will be updated quarterly to track 
the progress of committee-related deliverables (additional guidance provided in Section 5). 
 
The PC supports the priorities of the ERO Enterprise, providing a technical foundation for reliability issues, 
including: 

• Reliability Assessments:  

 Oversee the preparation and conducts technical reviews of reliability assessments for the NERC Board 
of Trustees;  

 Provides additional guidance on committee review and approval, endorsement, or acceptance of PC 
deliverables as discussed in Appendix 2. 

• Emerging Issues and Reliability Concerns:  

 Identifies and assesses emerging issues within the electric industry and address other reliability 
concerns, including those assigned by NERC’s Board of Trustees.  

• Technical Planning Analyses:  

 Directs the development of technical analyses, model validation, and key risks; 

 Prepares technically accurate and comprehensive reports addressing identified risk areas (e.g., 
variable generation, smart grid, etc.);  

 Provides recommendations to facilitate the mitigation of the identified reliability risks;  

 Provides oversight, guidance, and direction to address key planning-related issues. 

• Standards Input:  

 Provides technical expertise and feedback to Standard Authorization Requests (SARs) that have 
planning-related impacts; 

 Coordinates with the Standards Committee to maintain alignment with PC-related efforts, and 
provides reliability risk information for prioritization of SARs and new Reliability Standards;  
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 Provides technical input to support the development of key reliability planning-related Reliability 
Standards.  

• Metrics:  

 Provides direction, technical oversight, and feedback on the performance of the BPS through the 
design and application of NERC Adequate Level of Reliability (ALR) metrics.   

• Event Analysis:  

 Supports disturbance reporting and event analysis activities, providing lessons-learned and other 
insights to promote industry awareness and enhance BPS reliability.  

• NERC Alerts:  

 Supports the review and deployment of requests for industry actions and informational responses.   

• Reliability Guidelines and Technical Reports:  

 Oversee the development of reliability guidelines, white papers, technical reports and reference 
documents to address emerging issues and industry concerns related to system planning in 
accordance with the process described in Appendix 2. 

• Compliance Input:  

 Provides technical expertise and feedback on the potential impact of issues on the development of 
NERC’s annual compliance program. 
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Section 2: Membership 
 
Goals 
The PC membership includes subject matter experts (SMEs) from across the industry with technical knowledge 
and experience in the area of interconnected systems planning and reliability assessment.  
 
Expectations 
PC voting members are expected to:  

• Bring applicable subject matter expertise to the PC with a constructive and collaborative approach;  

• Attend and participate in all PC meetings; 

• Express their opinions as well as the opinions of the sector they represent at committee meetings; 

• Discuss and debate interests rather than positions; 

• Complete committee assignments on time; and 

• Inform the PC Secretary of any changes in their status that may affect their eligibility for committee 
membership.  The chair may dismiss members who fail to do so in a timely manner. 

 
Representation 
Committee members may, but need not be, NERC members. A non-voting representative must meet the 
requirements defined in Appendix 1.  Voting committee members (except for sector 11 that appoints its members) 
may only hold a position in any sector in which they would have been eligible for NERC membership, even if they 
are a NERC member in another sector, provided, the company of the voting committee member may not 
represent more than one committee sector as referenced below under the section on Selection.  Questions 
regarding eligibility for committee membership will be referred to the NERC General Counsel for final 
determination. To ensure adequate international representation, the membership of the committee may be 
increased so that the number of voting members from Canada is equal to the percentage of the net energy for 
load (NEL) of Canada to the total NEL of the United States and Canada, times the total number of voting members 
on the committee, rounded to the next whole number, based on the NEL figures from the most recent calendar 
year.  Additional information is provided in Appendix 1. 
 
Selection 
Except for sector 11, NERC sector members will annually elect voting committee members to committee sectors 
corresponding to their NERC sector under an election process that is open, inclusive, and fair.  The selection 
process will be completed in time for the PC Secretary to send the committee membership list to the NERC Board 
for approval at their August meeting so that new committee members may be seated at the September meeting.  
 
Un-nominated voting member positions will remain vacant until the next annual or special election.  If a vacancy 
in an elected sector is created by a resignation or other cause, a special election will be held unless it would 
coincide with the annual election process.  Special elections shall follow the same procedure as the annual 
election. 
 
Members may not represent more than one committee sector. A particular organization, including its affiliates, 
may not have more than one member on the committee. 
 
If additional Canadian members are added, no more than one additional Canadian voting member shall be 
selected from a sector unless this limitation precludes the addition of the number of additional Canadian voting 
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representatives as specified in Appendix 1.  In this case, no more than two additional Canadian voting members 
may be selected from the same sector. 
 
The PC Secretary will monitor the committee selection process to ensure that membership specifications are met. 
 
After the PC Secretary announces the election results, the newly elected members will serve on the committee 
pending approval by the NERC Board.  The PC Secretary will submit the newly elected members’ names to the 
NERC Board for approval at the next regular meeting. 
 
Terms 
Members’ terms are staggered, with one-half of the members' terms expiring each year.  Except for the cases 
described below, a member’s term is two years.  Members may be re-elected for subsequent terms.  Shorter 
terms may be required for several reasons: (i) If two members are simultaneously selected to a sector that did not 
have any existing members, in order to stagger their terms, one member will be assigned a one-year term and the 
second member will be assigned a two-year term.  (ii) If a member replaces a departed member between 
elections, the new member will assume the remaining term of the departed member.  (iii) If a member is selected 
to fill a vacant member position between elections, his/her term will end when the term for that vacant position 
ends. 
 
Resignations, Vacancies, and Nonparticipation 
Members who resign may be replaced for the time remaining in the member’s term.  When members and officers 
are to be selected or replaced, it will be done pursuant to Section 4, and PC Executive Committee members will 
be replaced pursuant to Section 6. 
 
Newly elected or appointed members will serve on the committee pending approval by the NERC Board.  The PC 
Secretary will submit new members’ names to the NERC Board for approval at the next regular meeting. 
 
The committee chair will contact any member who has missed two consecutive meetings (even if the member has 
sent a proxy) to:  1.) seek a commitment to actively participate; or 2.) ask the member to resign from the 
committee. 
 
The chair may remove any member who has missed two consecutive meetings (even with a proxy). 
 
Proxies 
A member of the committee is authorized to designate a proxy.  A member of the committee may give a proxy 
only to a person who:   

• meets the member’s eligibility requirements and is not affiliated with the same organization as another 
committee member, or  

• is not another committee member, unless that committee member would represent the proxy’s sector 
instead of his/her own sector at the meeting. (Additional guidance is provided in Section 4 and Appendix 
1) 

 
To permit time to determine a proxy’s eligibility, proxies must be submitted to the PC Secretary in writing at least 
one week prior to the meeting (electronic transmittal is acceptable).  Any proxy submitted after that time will be 
accepted at the chairman’s discretion, provided that the chairman believes the proxy meets the eligibility 
requirements. 
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Section 3: Meetings 
 
Unless stated otherwise, The PC will follow Robert’s Rules of Order, Newly Revised.1 
 
Quorum 
A quorum requires two-thirds of voting members, based on the votes allocated to each section.  
 
Antitrust Compliance Guidelines 
All persons attending or otherwise participating in the committee meeting shall act in accordance with NERC’s 
Antitrust Compliance Guidelines at all times during the meeting.  A copy of the NERC Antitrust Compliance 
Guidelines shall be included with each meeting agenda. 
 
Open Meetings 
NERC committee meetings shall be open to the public except during Confidential Sessions (noted below).  
Although meetings are open, only voting members may offer and act on motions. 
 
Confidential Sessions 
The committee chair may limit attendance at a meeting or portion of a meeting, based on confidentiality of the 
information to be disclosed at the meeting.  Such limitations should be applied sparingly and on a 
nondiscriminatory basis as needed to protect information that is sensitive to one or more parties.  A preference, 
where possible, is to avoid the disclosure of sensitive or confidential information so that meetings may remain 
open to the greatest possible extent. Confidentiality agreements may also be applied as necessary to protect 
sensitive information. 
 
Voting 
Voting may be conducted during regularly scheduled in-person meetings, via electronic mail (email), or through a 
scheduled conference call. All actions by the committee shall be approved upon receipt of the affirmative vote of 
two-thirds of the members present and voting at a meeting at which quorum is present.  The chair and vice-chair 
may vote.  
 
Voting Procedures for Motions 

1. The default procedure is a voice vote. 

2. If the chair believes the voice vote is not conclusive, he/she may call for a show of hands. 

3. The chair will not specifically ask those who are abstaining to identify themselves when voting by voice or 
a show of hands. 

4. The chair will conduct a roll-call vote in those situations that need a record of each member’s vote. 

a. The PC Secretary will call each member’s name. 

b. Members may answer “yes,” “no,” or “present” if they wish to abstain from voting. 
 
Action without a Meeting 
The PC may act between regularly scheduled meetings. The PC chair or four members (each from different 
industry segments) may initiate the request for such action. The PC Secretary shall send notice of the subject 
matter, the requested action, and the timing for balloting electronically to PC members not less than five (5) 

                                                           
1 http://www.robertsrules.com/  

http://www.robertsrules.com/
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business days prior to the date on which the action is to be voted. Two-thirds of the active members is required 
to approve any action. The PC Secretary shall distribute a written notice to the PC of the results of such action 
within five (5) business days following the vote. The PC Secretary shall keep a record of all responses from the PC 
members. 
 
 Additionally, the PCEC is also permitted to act on behalf of the PC outside of regularly scheduled meetings when 
conditions warrant a decision prior to the next meeting, or to take other actions, including but not limited to:  

1. Taking actions delegated by the full PC, 
2. Authorizing the posting PC deliverables described in Appendix 2 for comment periods; or 
3. Providing guidance and advice to subcommittee, working group, and task force chairs. 

Any PCEC action: 1) cannot overrule a prior PC voted decision, and 2)  must have a unanimous approval vote from 
the PCEC in order for the action to be taken. The PC chair may initiate the request for such action. At the next PC 
meeting, there shall be an agenda item where the PC shall be informed of the action taken by the PCEC during the 
time between meetings. 
 
Meeting Minutes 

1. General guidelines: 

a. Meeting minutes are a record of what the committee did, not what its members said. 

b. Minutes should list discussion points where appropriate, but should usually not attribute comments 
to individuals.  It is acceptable to cite the chair’s directions, summaries, and assignments. 

c. Do not list the person who seconds a motion. 

d. Do not record abstentions. 

2. Minority Opinions - All committee members are afforded the opportunity to provide alternative views on 
an issue.  The meeting minutes will provide an exhibit to record minority opinions.  The chair shall report 
both the majority and any minority views in presenting results to the NERC Board. 

3. Personal Statements - The minutes will also provide an exhibit to record personal statements. 
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Section 4: Officers 
 
Selection 
At its June meeting and every two years thereafter, the committee shall select a chair and vice-chair from among 
its voting members by majority vote of the members of the committee to serve as chair and vice-chair of the 
committee from the end of that June meeting until the end of the June meeting two years later. 
 
Terms  
The chair and vice-chair serve two-year terms. 
 
Representation 
The chair and vice-chair shall not be from the same sector.  
 
The chair and vice-chair, upon assuming such positions, shall cease to act as members of the sectors that elected 
them as members to the committee and shall thereafter be responsible for acting in the best interests of the 
members as a whole. 
 
NERC Board Approval 
Pending approval by the NERC Board, the newly elected officers will assume their duties.  The PC Secretary will 
submit the names of the elected officers to the chair of the NERC Board for approval at the next regular meeting. 
 
Officer Selection Process 
The committee selects officers using the following process.  The chair is selected first, followed by the vice-chair. 

1. The chair opens the floor for nominations. 

2. After hearing no further nominations, the chair closes the nominating process. 

3. If the committee nominates one person, that person is automatically selected as the next chair.  

4. If the committee nominates two or more persons, then the PC Secretary will distribute paper ballots for 
the members to mark their preference.  

5. The PC Secretary will collect the ballots.  If the committee nominates three or more candidates, then the 
winner will be selected using the Instant Runoff Process (explained in Robert’s Rules of Order). 
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Section 5: Subgroups 
 
Structure 
The PC may appoint technical subcommittees, task forces, and working groups as needed. The PC is responsible 
for directing the work of these subgroups and for their work products.  Committee subgroups will be tied to the 
PC Strategic Plan and generally be structured as follows: 

 

Committee Subgroups 

 Scope Duration Approvals Leadership 

Subcommittee 

• Oversee broad 
processes 

• Manage cyclical 
deliverables 

Long-term 

Consensus 
seeking; vote as 
specified by its 
scope 

Nominated by subcommittee; 
Approved by PC Leadership 

Working 
Group 

• Oversee specific data 
systems 

• Support specific 
initiatives 

• Support parent 
subcommittee 

Long-term 
Consensus 
seeking; non-
voting 

Nominated by working group, parent 
subcommittee, or direct 
appointment by the NERC Technical 
Committees; approved by PC 
Leadership 

Task Force 

• Support specific 
initiatives 

• Support parent 
subcommittee 

Short-term 
Consensus 
seeking; non-
voting 

Nominated by task force, parent 
subcommittee, or direct 
appointment by the NERC Technical 
Committees; approved by PC 
Leadership 

 
Scopes 
PC subgroup scopes should avoid any language that conflicts with this PC charter.  Subcommittees and working 
groups should review their respective scopes on an annual-basis and submit proposed updates to the PC Secretary 
prior to the December committee meetings.  New PC subgroup scopes and substantial revisions to existing scopes 
will be reviewed by the PC Executive Committee, who will determine whether an approval vote is needed by the 
full committee, prior to finalizing and posting on the NERC website. 
 
Work Plan 
PC subgroup leadership will coordinate with the PC Secretary to support the quarterly update to their section of 
the PC Work Plan. 
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Section 6: Executive Committee 
 
Authorization 
The PC Executive Committee (PCEC) is authorized to act between regular meetings of the PC.  However, the PCEC 
may not reverse the PC’s decisions. 
 
Membership 
The PCEC is comprised of the PC chair, the PC vice-chair, and four at-large members.  The committee will nominate 
and elect the four at-large members of the PCEC every two years at its September meeting.  No two members 
may be from the same sector. 
 
Election Process 

1. The chair opens the floor for nominations. 

2. If the committee members nominate four or fewer candidates, then those candidates are automatically 
elected. 

3. If the committee members nominate more than four candidates, then the PC Secretary will distribute 
paper ballots for the members to list their top four candidates. 

4. The four candidates who receive the most votes will be elected, provided that no two candidates may be 
from the same sector. 

 
Terms 
The PCEC will be replaced every two years, with the chair and vice-chair replaced at the June meeting and the at-
large members replaced at the September meeting. 
 
Assignment Review and Delegation 
The PCEC is responsible for reviewing and responding to assignments recommended for PC action from NERC 
reports and/or other NERC committees.  This responsibility includes determining which PC subgroup is most 
appropriately suited to execute a given assignment. 
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Appendix 1: Committee Members 
 

Committee Members 

Sector Name Description Members Votes 

Voting Members  

1. Investor-owned 
utility  

This sector includes any investor-owned entity with substantial business interest in 
ownership and/or operation in any of the asset categories of generation, transmission, 
or distribution.  This sector also includes organizations that represent the interests of 
such entities. 

2 2 

2. State/municipal 
utility 

This sector includes any entity owned by or subject to the governmental authority of a 
state or municipality, that is engaged in the generation, delivery, and/or sale of 
electric power to end-use customers primarily within the political boundaries of the 
state or municipality; and any entity, whose members are municipalities, formed 
under state law for the purpose of generating, transmitting, or purchasing electricity 
for sale at wholesale to their members.  This sector also includes organizations that 
represent the interests of such entities.   

2 2 

3. Cooperative 
utility 

This sector includes any non-governmental entity that is incorporated under the laws 
of the state in which it operates, is owned by and provides electric service to end-use 
customers at cost, and is governed by a board of directors that is elected by the 
membership of the entity; and any non-governmental entity owned by and which 
provides generation and/or transmission service to such entities.  This sector also 
includes organizations that represent the interests of such entities. 

2 2 

4. Federal or 
provincial 
utility/Federal 
Power Marketing 
Administration 

This sector includes any U.S. federal, Canadian provincial, or Mexican entity that owns 
and/or operates electric facilities in any of the asset categories of generation, 
transmission, or distribution; or that functions as a power marketer or power 
marketing administrator.  This sector also includes organizations that represent the 
interests of such entities. One member will be a U.S. federal entity and one will be a 
Canadian provincial entity. 

4 4 

5. Transmission 
dependent utility 

This sector includes any entity with a regulatory, contractual, or other legal obligation 
to serve wholesale aggregators or customers or end-use customers and that depends 
primarily on the transmission systems of third parties to provide this service.  This 
sector also includes organizations that represent the interests of such entities. 

2 2 

6. Merchant 
electricity 
generator 

This sector includes any entity that owns or operates an electricity generating facility 
that is not included in an investor-owned utility’s rate base and that does not 
otherwise fall within any of sectors (i) through (v).  This sector includes but is not 
limited to cogenerators, small power producers, and all other non-utility electricity 
producers such as exempt wholesale generators who sell electricity at wholesale.  This 
sector also includes organizations that represent the interests of such entities. 

2 2 

7. Electricity 
marketer 

This sector includes any entity that is engaged in the activity of buying and selling of 
wholesale electric power in North America on a physical or financial basis.  This sector 
also includes organizations that represent the interests of such entities. 

2 2 

8. Large end-use 
electricity 
customer 

This sector includes any entity in North America with at least one service delivery 
taken at 50 kV or higher (radial supply or facilities dedicated to serve customers) that 
is not purchased for resale; and any single end-use customer with an average 
aggregated service load (not purchased for resale) of at least 50,000 MWh annually, 
excluding cogeneration or other back feed to the serving utility. This sector also 
includes organizations that represent the interests of such entities. 

2 2 



Appendix 1: Committee Members 
 

NERC | Planning Committee Charter | January 2018 (Draft) 
14 

9. Small end-use 
electricity 
customer 

This sector includes any person or entity within North America that takes service 
below 50 kV; and any single end-use customer with an average aggregated service 
load (not purchased for resale) of less than 50,000 MWh annually, excluding 
cogeneration or other back feed to the serving utility.  This sector also includes 
organizations (including state consumer advocates) that represent the interests of 
such entities. 

2 2 

10. Independent 
system 
operator/regional 
transmission 
organization 

This sector includes any entity authorized by the Commission to function as an 
independent transmission system operator, a regional transmission organization, or a 
similar organization; comparable entities in Canada and Mexico; and the Electric 
Reliability Council of Texas or its successor.  This sector also includes organizations 
that represent the interests of such entities. 

2 2 

11. Regional Entity This sector includes any Regional Entity as defined in Article I, Section 1, of the Bylaws 
of the corporation.  In aggregate, this sector will have voting strength equivalent to 
two members.  The voting weight of each regional member’s vote will be set such that 
the sum of the weight of all available Regional Entity members’ votes is two votes. 

8 2 

 
RE 

FRCC 
RF 

Texas RE 
MRO 
NPCC 
SERC 

SPP RE 
WECC 

Number of 
Members 

1 
1 
1 
1 
1 
1 
1 
1 

 
Proportional Voting 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

 

12. State 
government 

(See Government representatives below) 2 2 

13. Officers Chair and Vice-Chair 2 2 

Total Members 34 28 

Non-Voting Members2 

Government 
representatives 

This sector includes any federal, state, or provincial government department or agency 
in North America having a regulatory and/or policy interest in wholesale electricity. 
Entities with regulatory oversight over the Corporation or any Regional Entity, 
including U.S., Canadian, and Mexican federal agencies and any provincial entity in 
Canada having statutory oversight over the Corporation or a Regional Entity with 
respect to the approval and/or enforcement of Reliability Standards, shall be non-
voting members of this sector, except the two representatives of state governments. 

  

United States federal government 2 0 

Canadian federal government 1 0 

Provincial government 1 0 

Secretary The committee secretary will be seated at the committee table. 1 0 

Subcommittee Chairs The chairs of the subcommittee will be seated at the committee table. Varies 0 

 

                                                           
2 Industry associations and organizations and other government agencies in the U.S. and Canada may attend meetings as non-voting 
observers. 
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Appendix 2: Deliverables and Approvals 
 
Committee Deliverables 
 
Reports required under the NERC Rules of Procedure or as directed by an Applicable Governmental Authority 
or the NERC Board:  documents include NERC’s long-term reliability assessment, special assessments, and 
probabilistic assessments.  These reports may also be used as the technical basis for Standards actions and can be 
part of informational filings to FERC or other government agencies. 
 
White Papers:  documents that explore technical facets of topics, often making recommendations for further 
action. They may be written by subcommittees, working groups, or task forces of their own volition, or at the 
request of the PC. 
 
Reference Documents and Technical Reports:  documents that serve as a reference for the electric utility industry 
and/or NERC stakeholders regarding a specific topic of interest. These deliverables are intended to document 
industry practices or technical concepts at the time of publication and may be updated as deemed necessary, per 
a recommendation by the PC or its subgroups to reflect current industry practices. 
 
Reliability Guidelines:  documents that suggest approaches or behavior in a given technical area for the purpose 
of improving reliability.  Guidelines are not enforceable.  Guidelines may be adopted by a responsible entity in 
accordance with its own facts and circumstances.3 
 
Implementation Guidance: Documents providing examples or approaches for registered entities to comply with 
standard requirements. The PC is designated by the ERO Enterprise as a pre-qualified organization for vetting 
Implementation Guidance in accordance with NERC Board-approved Compliance Guidance Policy. 
Implementation Guidance that is endorsed by the PC can be submitted to the ERO Enterprise for endorsement, 
allowing for its use in Compliance Monitoring and Enforcement Program (CMEP) activities.   
 
Review Periods 
Deliverables with a deadline established by NERC Management or the NERC Board will be developed based on a 
timeline reviewed by the PC to allow for an adequate review period, without compromising the desired report 
release dates. 
 
Due to the need for flexibility in the review and approval process, timelines are provided as guidelines to be 
followed by the committee and its subgroups.  A default review period of no less than 10 business days will be 
provided for all committee deliverables.  Requests for exceptions may be brought to the PC at its regular meetings 
or to the PCEC if the exception cannot wait for a PC meeting.  In all cases, a final report may be considered for 
approval, endorsement, or acceptance if the PC or PCEC, as outlined above, decides to act sooner. 
 
Approval, Endorsement, and Acceptance of Committee Deliverables  
The committee will abide by the following parameters regarding approval, endorsement, or acceptance of 
committee deliverables.   
 

                                                           
3 Standards Committee authorization is required for a guideline to become a supporting document that is posted with or referenced from 

a NERC Reliability Standard.   
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Where the PC is the final authority on the deliverable4 
Approval:  The committee has reviewed the deliverable and supports the content and development process, 
including any recommendations.   
 
Acceptance: The committee has reviewed the deliverable and supports the development process used to 
complete the deliverable.  

If a deliverable for PC approval is not approved, any PC member can introduce a motion for acceptance of the 
deliverable. The PC may, rather than approve or accept the deliverable, remand the deliverable to the originating 
subcommittee, refer it to another group, direct other action by the PC or one of its subcommittees or groups, or 
determine that no further action is needed. 

Where the PC is not the final authority on the deliverable 
Endorsement: The committee 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 PC by other 
NERC committees.  Committee 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 committee endorsement will be presented to the PC in a timely manner. 
 
If the PC 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.  
 
 
Endorsement Process for Section 1600 Data or Information Requests 
A report requested by the PC that accompanies or recommends a Rules of Procedure (ROP) Section 1600 - Data 
or Information Request will follow the process outlined below: 

1. This Section 1600 request, with draft supporting documentation, will be provided to the PC at a regular 
meeting. 

2. The draft Section 1600 data request and supporting documentation will be considered for authorization 
to post for comments at the PC regular meeting. 

3. A committee subgroup will review and develop responses to comments on the draft Section 1600 data 
request and will provide a final draft report, including all required documentation for the final data 
request, to the PC at a regular meeting for endorsement. 

4. The final draft of the 1600 data request – with responses to all comments and any modifications made to 
the request based on these comments – will be provided to the NERC Board. 

 
Approval Process for Reliability Guidelines 
Because reliability guidelines contain suggestions that may result in actions by responsible entities, those 
suggestions must be thoroughly vetted before a new or updated guideline receives approval by a technical 
committee.  The process described below will be followed by the PC: 

1. New/updated draft guideline authorized for industry posting.  The PC authorizes posting for industry 
comment the release of a new or updated draft guideline developed by one of its subgroups or the 
committee as a whole. 

                                                           
4 The Planning Committee is the final authority where it has stated in policy, rule, or decided by the Board of Trustees that such authority 
is directed.   
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2. Post draft guideline for industry comment.  The draft guideline is posted for industry-wide comment for 
forty-five (45) days.  If the draft guideline is an update, a redline version against the previous version must 
also be posted. 

3. Post industry comments and responses.  After the public comment period, the PC will post the comments 
received as well as its responses to the comments.  The committee may delegate the preparation of 
responses to a committee subgroup. 

4. New/updated guideline approval and posting.  A new or updated guideline which considers the comments 
received, is approved by the PC and posted as “Approved” on the NERC Web site.  Updates must include 
a revision history and a redline version against the previous version. 

5. Guideline updates.  After posting a new or updated guideline, the PC will continue to accept comments 
from the industry via a Web-based forum where commenters may post their comments. 

a. Each quarter, the PC will review the comments received.  At any time, the PC may decide to update 
the Guideline based on the comments received or on changes in the industry that necessitate an 
update. 

b. Updating an existing Guideline will require that a draft updated guideline be approved by the PC in 
step 1 and proceed to steps 2 and 3 until it is approved by the PC in step 4. 

 



Agenda Item 4.b. 
Planning Committee 
March 6-7, 2017 

 
Essential Reliability Services Working Group (ERSWG) Technical and Policymaker-

Regulator Briefs 
 
 
Action 
Approve 
 
Background 
The NERC Planning Committee and Operating Committee charged the Essential Reliability 
Services Working Group (ERSWG) to consider reliability issues that may result from the 
changing generation resource mix and was charged with evaluating and developing “Sufficiency 
Guidelines” for each quantifiable measure. These sufficiency guidelines were proposed in the 
“Essential Reliability Services Whitepaper on Sufficiency Guidelines” in December 2016. 
 
The ERSWG has now assisted the relevant subcommittees of the PC and OC in assuming the 
ongoing assessment activities for essential reliability services measures using applicable data. In 
each of the documents, a process outlining the future work for the measures and/or data 
collection has been created. Updates to information since the 2016 report are included when 
necessary. All briefs are included in the meeting materials for your approval. The final NERC 
formatting will be applied once any provided feedback is incorporated into these documents. 
 
After completing these documents, it is anticipated that the ERSWG will have completed its 
current charter and ERSWG will ask to be formally disbanded at the June PC and OC meetings. 
 
Proposed motion language: Move for approval of the following documents from the ERSWG: 

i. Technical Brief on ERS Measures 1, 2, and 4 Frequency Response using a Forward 
Looking Frequency Analysis 

ii. Brief for Regulators and Policymakers on ERS Measures 1, 2, and 4 Frequency Response 
using Forward Looking Frequency Analysis 

iii. Disposition of ERS Measure 3: Synchronous Inertial Response at the BA Level 

iv. Technical Brief on ERS Measure 6 using Forward Looking Net Demand Ramping 
Variability 

v. Technical Brief on Data Collection Recommendations for Distributed Energy Resources 

 
Summary 
Leave Blank for meeting participant notes 



 

 

 

 1 

Forward Looking Frequency Trends 2 

Technical Brief  3 

ERS Framework1 Measures 1, 2 & 4 – Forward Looking Frequency 4 

Analysis 5 
 6 
The NERC Planning Committee and Operating Committee jointly created the Essential Reliability Services 7 
Task Force (ERSTF) in 2014 to consider reliability issues that may result from the changing generation 8 
resource mix. In 2015, the ERSTF proposed essential reliability services (ERS) measures for examination and 9 
potential ongoing monitoring to identify trends. The ERSTF was converted into the Essential Reliability 10 
Services Working Group (ERSWG) in 2016 and charged with identifying, evaluating, and developing 11 
“Sufficiency Guidelines” for each quantifiable measure. 12 

 13 
The ERSWG frequency measures are intended to monitor and identify trends in frequency response 14 
performance as the generation mix continues to change. The holistic frequency measure, called Measure 4 15 
in ERSWG reports, tracks phases of frequency performance for actual disturbance events in each 16 
interconnection (e.g., initial frequency rate of change, and timing of the arresting and recovery phases). 17 
Other measures look at components of this coordinated frequency response, such as the amount of 18 
synchronous inertial response (SIR, Measure 1) and the initial rate of change in frequency following the 19 
largest contingency event (RoCoF, Measure 2). This paper describes the analysis using forward-looking 20 
projections that will be performed as part of the NERC reliability assessment process. 21 
 22 

Background 23 
Frequency support is the response of generators and loads to maintain the system frequency in the event 24 
of a system disturbance. Frequency support is provided through the combined interactions of synchronous 25 
inertia (traditionally from generators such as natural gas, coal, and nuclear plants as well as from motors at 26 
customer locations) and frequency response (from a wide variety of generators and loads). Working in a 27 
coordinated way, these characteristics arrest and eventually stabilize frequency. A critical issue is to 28 
stabilize the frequency before it falls below underfrequency load shedding values or rises above 29 
overfrequency relay trip settings.  30 
 31 
It is important to understand that inertia and frequency response are properties of the interconnection 32 
(not to each balancing area individually) and these properties have different characteristics for each 33 
interconnection. For example, if changes to the resource mix alter the relative amounts of synchronous 34 
inertial response or frequency response, various mitigation actions are possible (such as obtaining faster 35 
primary frequency response from other generators or loads) to maintain or improve overall frequency 36 
support.  37 

 38 

                                                             

1 Essential Reliability Services Working Group, Measures Framework Report, November 2015  

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf
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Trends in the frequency measures can be analyzed using historical data and projected into the future using 39 
reasonable planning assumptions and models. This document discusses each frequency measure and 40 
describes the analysis that will be performed as part of the NERC reliability assessment process and included 41 
in the NERC Long Term Reliability Assessment Report (LTRA). The NERC Resources Subcommittee (RS) will 42 
be monitoring the historical trends and annually reporting results in the NERC State of Reliability (SOR) 43 
Report which was discussed in a separate Technical Brief. 44 

Interconnection Approaches to Future-Looking Frequency Support 45 

Measures 1, 2 and 4  46 
As noted above, frequency response and synchronous inertia are properties that are unique to each 47 
interconnection. Projecting the future frequency support characteristics requires modeling of the future 48 
state of the interconnection using reasonable assumptions and scenarios. The following sections discuss 49 
the efforts and plans for each interconnection. 50 

To provide a starting point for the discussion, Table 1 shows the history of minimum inertia records in each 51 
interconnection between 2013 and June 2017. Minimum inertia is of interest because the initial frequency 52 
decline following large generation trip events is the fastest during low inertia conditions.  53 

 54 

Table 1. Lowest Inertia by Interconnection 2013- June 2017 (GVA·s) 

ERCOT 

Date and Time 

2013 
10-Mar-13 
3:00 AM 

2014 
30-Mar-14 
3:00 AM 

2015 
25-Nov-15 
2:00 AM 

2016 
10-Apr-16 
2:00 AM 

20172 
10-Feb-17 

2:00:00 AM 

Minimum Synchronous 
Inertia (GVA·s) 

132 135 152 143 134 

System Load at Minimum 
Synchronous Inertia (MW) 

24,726 24,540 27,190 27,831 29,515 

Non-synchronous 
Generation Capacity as % 

of System Load 
31 34 42 47 42 

Québec 

Date and Time 

2013 
16-Sep-13 4:00 

AM 

2014 
05-Oct-14 2:00 

AM 

2015 
02-Aug-15 
4:00 AM 

20163 
03-Jul-16 
4:00 AM 

2017 
26-May-17 

4:00 AM 

Minimum PPPC4 Limit 
(MW) 

980 860 920 870 920 

System Load at Minimum 
PPPC Limit (MW) 

14,910 14,550 14,350 15,650 15,090 

Non-synchronous 
Generation Capacity as % 

of System Load 
6 2 6 14 12 

                                                             

2 2017 lowest inertia is only based on Jan-June data. 

3 Inertia data for all interconnection (except TI) begins in June 2016. 

4 The term PPPC is an acronym in French: P = Perte = Loss; P = Production = (of) Generation; P = en Première = First (meaning “following a 
Single”); C = Contingence = Contingency. PPPC limit is defined as the maximum amount of generation that can be lost in single contingency 
without reaching Under Frequency Load Shedding (UFLS) values. This will be discussed in details further in the paper. 
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Table 1. Lowest Inertia by Interconnection 2013- June 2017 (GVA·s) 

Date and Time N/A N/A N/A 
2016 

08-Oct-16 
3:30 AM 

2017 
26-May-17 

4:30 AM 

Minimum Synchronous 
Inertia (GVA·s) 

N/A N/A N/A 59.09 63.46 

System Load at Minimum 
Synchronous Inertia (MW) 

N/A N/A N/A 13,550 14,710 

Non-synchronous 
Generation Capacity as % 

of System Load 

N/A N/A N/A 
13 12 

Eastern 

Date and Time 2013 2014 2015 

2016 

22-Oct-16 
9:11 PM 

2017 

24-Apr-17 
1:58 AM 

Minimum Synchronous 
Inertia (GVA·s) 

N/A N/A N/A 1,279 1,281 

System Load at Minimum 
Synchronous Inertia (MW) 

N/A N/A N/A 236,513 218,787 

Non-synchronous 
Generation Capacity as % 

of System Load 
N/A N/A N/A N/A N/A 

Western 

Date and Time 2013 2014 2015 
2016** 

16-Oct-16 
11:45 AM 

2017* 
09-Apr-17 
7:19 PM 

Minimum Synchronous 
Inertia (GVA·s) 

N/A N/A N/A 498 472 

System Load at Minimum 
Synchronous Inertia (MW) 

N/A N/A N/A 76,821 86,183 

Non-synchronous 
Generation Capacity as % 

of System Load 
N/A N/A N/A 10 12 

 55 

  56 
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ERCOT and Hydro Québec 57 
Compared to the Western and Eastern interconnections, Hydro Québec (HQ) and ERCOT are relatively 58 
smaller in area size and the number of customers that are served. Both HQ and ERCOT are interconnections 59 
that consist of a single balancing area.  60 

In ERCOT, approximately twenty percent of the installed generation capacity is from wind resources (as of 61 
the end of 2016) and there are times when wind generation is serving up to fifty percent of ERCOT’s total 62 
system load. In HQ, the majority of the generation capacity comes from hydro resources which, in general, 63 
have lower inertia in comparison to coal and combined cycle units of the same MW size. Consequently, 64 
these two interconnections are actively addressing issues with lower system inertia and faster frequency 65 
decline after large contingencies. 66 

HQ and ERCOT have put in place the following requirements and practices to ensure sufficient frequency 67 
performance in compliance with NERC BAL-003-1.1 standard:  68 

• ERCOT and HQ require Primary Frequency Response (PFR) capability enabled on all online 69 
generators that are over 10 MW in size and connected at the transmission level. The generators are 70 
expected to respond with a specified droop value (normally 4-5%) when system frequency is outside 71 
of a predefined deadband (±17 mHz in ERCOT, no deadband in HQ). 72 

• Additionally, ERCOT and HQ also procure reserves 5  for Primary Frequency Control (i.e., for 73 
frequency containment after a large generation loss).  74 

• Up to a half of ERCOT’s primary frequency reserve (called Responsive Reserve Service) can be 75 
provided by load resources with underfrequency relays.6  This fast response from load resources is 76 
considered to be Fast Frequency Response (FFR).  77 

• HQ has a “synthetic inertia”7 requirement for wind turbines that is described in more detail in the 78 
Appendix A. 79 

 80 
Notably, the two interconnections have chosen different mitigation strategies to ensure reliable operation 81 
during low system inertia conditions that are described below.  82 

  83 

                                                             

5 ERCOT procures reserve for Primary Frequency Control through the Ancillary Services market, while Hydro Quebec secures the reserve 
through bilateral contracts.  

6 Load Resources providing Responsive Reserve Service will trip at trigger frequencies that are higher than the involuntary UFLS trigger 
points. Participation in this paid for Ancillary Service is voluntary and should not be confused with Under Frequency Load Shedding.   

7 “Synthetic inertia” is a term sometimes used for fast controlled active power injection from wind generators in response to frequency 
decline after a large generation trip. This control is enabled by accessing stored kinetic energy (inertia) of the turbine, hence the term 
“synthetic inertia”, however the response is not inherent and physics of the behavior is fundamentally different from inertial response of 
synchronous machines. The term “synthetic inertia” is used in HQ grid code to define the requirements and therefore is kept in this report. 
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ERCOT 84 
Figure 1 shows boxplots of synchronous inertia levels for years 2013-2017 for ERCOT8. The corresponding 85 
lowest inertia for each year is shown in Table 1 above. The blue circles in the boxplot correspond to the 86 
system inertia when the highest portion of load was supplied by wind generation in a given year. 87 

 88 

Figure 1. Boxplot9 of ERCOT System Inertia 2013-2017 89 

 90 

Figure 1 shows that both the median system inertia (indicated by the red line in each box plot) and the 91 
minimum inertia at ERCOT had an upward trend between years 2013 and 2015 even though the installed 92 
capacity of wind generation increased over same these years. Figure 2 provides the yearly wind capacity 93 
additions (both installed and projected) between 2000 and 2020. Due to lower gas prices, coal fired 94 
generation is continuing to be replaced by combined cycle generators in the unit commitment process. A 95 
combined cycle generator typically has about 1.5 times the inertia than a coal generator of the same size, 96 
so commitment changes from coal plants to combined cycle gas plants increase synchronous inertia on the 97 
system.  98 

                                                             

8 The inertia calculation is based on individual unit production; if unit production is higher than a 5 MW threshold, then a unit is considered 
to be online and its inertia contribution is calculated as its inertia constant in seconds multiplied by the corresponding MVA base). Starting 
from 2017 the inertia calculation uses generator status to determine if a unit is online rather than a MW threshold.  

9 On each box, the central mark (red line) is the median, the edges of the box (in blue) are the 25th and 75th percentiles, the whiskers 
correspond to +/- 2.7 sigma (i.e., represent 99.3% coverage, assuming the data are normally distributed). If necessary, the whiskers can be 
adjusted to show a different coverage. 
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 99 

Figure 2. ERCOT Yearly Wind Installations 2000-2020 (Installed & Projected) 100 

Determining Critical Inertia Conditions  101 
Following a resource trip, the rate of change of frequency (RoCoF) immediately after the event is solely a 102 
function of the inertia of the synchronous machines that are online and the magnitude of the lost capacity. 103 
Load resources with underfrequency relays providing Responsive Reserve Service (RRS) respond in about 104 
0.5 second (30 cycles) after the frequency drops below the trigger level of 59.7 Hz.  105 

ERCOT has defined critical inertia as the minimum inertia level at which a system can be reliably operated 106 
with current frequency control practices. Below critical inertia, frequency reserves may not have sufficient 107 
time to arrest system frequency before reaching the Under Frequency Load Shedding (UFLS) trigger level 108 
(59.3 Hz in ERCOT). Thus, for ERCOT, critical inertia is the inertia level below which frequency will decline 109 
from 59.7 Hz to 59.3 Hz in less than 0.5 seconds for a generation loss of 2,750 MW (i.e., the loss of ERCOT’s 110 
two largest units). In other words, given current frequency control practices, there is not sufficient time for 111 
load resources providing RRS and other frequency reserves to respond and arrest frequency above UFLS 112 
trigger levels for a loss of this magnitude if system inertia is below this critical inertia level. 113 
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ERCOT conducted a series of dynamic simulations based on cases from TSAT10 with inertia conditions 114 
ranging from 98 GW·s  to 202 GW·s  to investigate how long it takes for frequency to drop from 59.7 Hz to 115 
59.3 Hz at each inertia condition. Using this analysis, ERCOT has identified its critical inertia to be 100 GW·s. 116 
To operate reliably below this inertia level will require changes to ERCOT’s Ancillary Services. Faster 117 
response times for Fast Frequency Response (FFR), higher FFR frequency trigger values, and procuring 118 
inertia as an ancillary service are some of the options that can be considered. As shown in Table 1, the 119 
lowest system inertia value actually experienced in ERCOT through June 2017 was 132 GW·s.  120 

Following this study, a three-level approach was implemented in the control room to provide operator 121 
awareness. Figure 3 shows the information that an operator would see for different levels of low inertia. 122 
There is also an action plan in the control room for each of these levels:  123 

• ≥110,000 MW*s to ≤119,999 MW∙s – the monitor shows the value highlighted yellow; 124 

• ≥100,001 MW*s to ≤109,999 MW∙s – the monitor shows the value highlighted orange; 125 

• ≤100,000 MW*s – the monitor shows the value highlighted red and the operator has to take 126 
action to restore system inertia to above 100,000 MW*s. 127 

 128 

 129 

Figure 3. ERCOT Operator Information for Different Low Inertia Levels 130 

ERCOT monitors and analyzes historic system inertia trends and is researching ways to more accurately 131 

forecast when the system is likely to reach critical inertia conditions. 132 

Ensuring Sufficiency of Primary Frequency Reserves for Grid Conditions at or above Critical 133 
Inertia  134 
ERCOT has developed a method to ensure primary frequency response availability by procuring a 135 
Responsive Reserve Service (RRS) for use during generator trip events. Currently, RRS bundles two distinct 136 
functions within one service, with this reserve service used as primary frequency reserve for frequency 137 
containment (i.e., to arrest frequency decline after a generator trip event) and also as a replacement 138 
reserve to restore depleted Responsive Reserves and bring the frequency back to 60 Hz. This paper focuses 139 
on the frequency containment function of RRS.  140 
There are two types of resources currently providing RRS in ERCOT: 141 

                                                             

10ERCOT’s Real Time Transient Security Assessment Tool (TSAT), http://www.dsatools.com/tsat/ 

http://www.dsatools.com/tsat/
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• Generators deploying RRS though Primary Frequency Response (PFR) (i.e., governor response with 142 
5% droop when system frequency is outside of the deadband of ±17 mHz) 143 

• Load resources, typically large industrial loads, deploying RRS through Fast Frequency Response 144 
(FFR) (i.e., using underfrequency relays that automatically disconnect the participating load 145 
resources within 0.5 seconds when system frequency drops to 59.7 Hz or lower) 146 

 147 
Until June 2015, ERCOT was procuring 2,800 MW of RRS for every hour of the year. Of the total amount of 148 
RSS that is procured, fifty percent can be provided by load resources with underfrequency relays through 149 
FFR with the remainder provided by generation resources through PFR. 150 

In 2015, a series of dynamic studies were conducted by ERCOT staff to examine the minimum RRS 151 
requirements needed to prevent the frequency from dropping below 59.4 Hz (0.1 Hz above the prevailing 152 
first step of involuntary underfrequency load shedding) after the loss of the two largest generation units 153 
(2,750 MW). The study considered 13 cases at different system inertia conditions (from 100 GW·s to 350 154 
GW·s).11 The cases were based on ERCOT’s real-time Transient Security Assessment Tool (TSAT).12 Note 155 
that even though ERCOT requires governor or a governor-like response to be enabled on all generators 156 
connected to the transmission system, the study assumed that only resources providing RRS were governor 157 
responsive. This assumption reflects a worst-case scenario where there is no governor responsive 158 
headroom on any generator other than generators providing primary frequency reserve. Load models in 159 
the cases included frequency sensitivity (load damping).   160 

The study showed that more RRS is needed for low-inertia situations in order to maintain the security and 161 
reliability of the grid. Figure 4 shows how much RRS is needed at each inertia level in a scenario in which 162 
RRS is provided solely by generation resources through PFR (i.e., without any load resource participation).  163 

In the same series of dynamic studies, it was found that during low inertia periods, load resources providing 164 
RRS using underfrequency relays are more effective at arresting frequency than generators providing RRS 165 
through governor response. For example, for 100 GW·s inertia conditions, 1 MW of load resources can be 166 
up to 2.35 times more effective13 than 1 MW of PFR from the generators. (This value is referred to as the 167 
Equivalency Ratio (FFR/PFR)). The increased effectiveness is because the load resources provide full 168 
response within 0.5 second after system frequency reaches 59.7 Hz. This response is equivalent to a step 169 
change in active power injection. In low inertia conditions, system frequency declines faster after a 170 
generator trip, but it also increases faster following step injection of active power. Therefore, load 171 
resources are counted towards the total RRS requirement with the prevailing equivalency ratio (FFR/PFR), 172 
based on inertia conditions, as shown in Figure 5.  173 

                                                             

11 The results of the studies have been communicated at the ERCOT stakeholder meetings,  http://www.ercot.com/committee/fast/2015  

12 12ERCOT’s Real Time Transient Security Assessment tool (TSAT ),http://www.dsatools.com/tsat/  

13 For example if the equivalency ratio is 2.35, it means that to replace X MW of PFR only X/2.35 MW of FFR is needed to provide the same 
arresting effect on system frequency.  

http://www.dsatools.com/tsat/
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 174 

Figure 4. Minimum Primary Frequency Response Reserve Requirement Under Different 175 
Inertia Conditions (assuming all RSS from generators without load resource participation) 176 

 177 

Figure 5. Equivalency Ratio (FFR/PFR) Under Different Inertia Conditions 178 

Procuring RRS quantities based on expected system inertia ensures that ERCOT will have sufficient 179 
frequency response to avoid UFLS after the simultaneous trip of the two largest units. Figure 6 shows the 180 
frequency traces after tripping 2,750 MW of generation for the 13 inertia cases discussed above (with 181 
synchronous inertia from 100 GW·s to 350 GW·s). RRS amounts in each simulation in Figure 6 are set to the 182 
requirement shown in Figures 4 and using the corresponding equivalency ratio (FFR/PFR) from Figure 5 183 
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(with fifty percent of RRS in each case provided by load resources with an equivalency ratio corresponding 184 
to the synchronous inertia in the case). For all tested inertia conditions, the simulations confirm that 185 
procuring the RRS amount based on expected system inertia and the corresponding equivalency ratio 186 
between PFR and load resources ensures sufficient frequency response to avoid UFLS for the simultaneous 187 
trip of the two largest units.  188 

 189 

Figure 6. Case Study: Frequency Traces After Tripping 2,750 MW of Generation14  190 

To assist in maintaining a sufficient amount of RRS, a new real-time tool was implemented in the ERCOT 191 
control room in March 2017. The tool continuously forecasts system inertia for day-ahead and real-time 192 
operations. Based on forecasted inertia conditions, the tool determines the required amount of RRS and 193 
compares it to the RRS amount procured in the day-ahead market. If the procured amount of RRS is not 194 
sufficient for the forecasted inertia conditions, a supplemental ancillary services market can be used to 195 
procure additional RRS.   196 

 197 
 198 

199 

                                                             

14 Case 1 corresponds to lowest inertia of about 100 GW·s and Case 13 corresponds to highest inertia of 350 GW·s 
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Hydro Québec  200 

Since 2006, HQ has applied a criterion in operations to protect against low inertia issues. The criteria called 201 
the PPPC15 limit is defined as the maximum amount of generation that can be lost in a single contingency 202 
without tripping UFLS. This limit is established based on a relationship derived from a comprehensive 203 
dynamic study of the system considering different load/generation levels, contingency size and location, 204 
effect of synchronous reserve, load behavior, strategic power system stabilizers, etc.  205 

The study for determining the PPPC limit is based on historic load and generation levels that represent a 206 
wide range of possible inertia levels, from the lowest to the highest over the past years. Generation dispatch 207 
patterns are updated automatically and simulated with different production levels of wind power plants to 208 
reflect the range of real-time operating conditions. Then, in each case, the maximum generation trip is 209 
determined by simulation so that the frequency will not drop below 58.5 Hz for a contingency event.  210 

In addition to having the frequency trigger for UFLS at 58.5 Hz, HQ has established additional thresholds 211 
based on the RoCoF in their UFLS program. The UFLS thresholds that are based on the RoCoF are not part 212 
of the study for determining the PPPC limit because it is assumed that the amount of generation loss 213 
defined by the PPPC limit will not be sufficiently severe to trigger UFLS based on the additional RoCoF 214 
thresholds.  215 

Based on the study, the PPPC limit is derived as a function of the synchronous generation providing inertia 216 
(with a speed regulator effective) and the number (up to a maximum of five) of multi-band power system 217 
stabilizers online. The PPPC limit is directly proportional to synchronous inertia. Figure 7 illustrates the 218 
strong correlation between the PPPC limit and synchronous inertia on the HQ system since the beginning 219 
of 2017. 220 

                                                             

15 The term PPPC is an acronym in French : P = Perte = Loss; P = Production = (of) Generation; P = en Première = First (meaning “following a 
Single”); C = Contingence = Contingency 

 



 

Essential Reliability Services 12 

 221 

Figure 7. Correlation: PPPC Limit and Synchronous Inertia (January - July 2017) 222 

In actual use, two different PPPC limits are calculated: a MW limit that is applicable to the synchronous 223 
generation (North) and a second MW limit that is applied to the flows over the DC ties (South).  The two 224 
limits were created because the frequency drop following the loss of synchronous generation in the north 225 
is more severe than the frequency drop following the equivalent loss of import on the HVDC tie in the south. 226 
While the loss of HVDC import is only associated with loss of MW infeed, the loss of synchronous generation 227 
is also associated with the loss of inertia and primary frequency response of that generator. Therefore the 228 
limit based on the loss of synchronous generation is more stringent than the limit based on loss of 229 
equivalent HVDC import. This more stringent value is what HQ calls the PPPC limit.  230 

At this time, the effect of the synthetic inertia of the wind power plants, as required by HQ grid code16, is 231 
not included in the computation nor in the studies from which PPPC limit function is obtained.  232 

To summarize, this PPPC limit represents the largest loss of power acceptable following a single contingency 233 
for given system conditions. It is computed in real-time and is strongly correlated to the amount of 234 
synchronous inertia on the system. For the year 2016, the PPPC limit has varied between 870 MW and 235 
2,260 MW. For example, at a specific time, if the PPPC limit calculated is 2,000 MW and a loss of generation 236 

                                                             

16 Technical Requirements for the Connection of Generating Stations to the Hydro-Québec Transmission System, December 2016 : 
http://publicsde.regie-energie.qc.ca/projets/208/DocPrj/R-3830-2012-B-0075-Demande-Piece-2016_12_15.pdf 

http://publicsde.regie-energie.qc.ca/projets/208/DocPrj/R-3830-2012-B-0075-Demande-Piece-2016_12_15.pdf
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of 2,000 MW occurs, the frequency should theoretically drop to just above 58.5 Hz (i.e., close to the first 237 
UFLS threshold). Figure 8 shows boxplots for the PPPC limit for years 2007 to 2017. 238 

 239 

 240 

Figure 8. Boxplots for PPPC Limit for 2007-2017 241 

HQ also has to evaluate the largest loss of generation possible at any time, depending on the actual 242 
topology of the network, to make sure that the largest contingency is below the PPPC limit. A real-time 243 
screening tool was specifically designed to continuously scan the entire network and identify the largest 244 
possible loss of generation following a single contingency event. This value is called the PPPC (not to be 245 
confused with PPPC limit). An alarm is trigged when PPPC > PPPC limit and the system operators must take 246 
actions to either reduce PPPC (typically by generation re-dispatch) or increase PPPC limit (typically by 247 
adding synchronous generators or multi-band power system stabilizers). Transmission Operators consider 248 
both PPPC and PPPC limit when creating their day-ahead and hour-ahead forecasted generation dispatch.  249 

Figures 9 and 10 compare the PPPC with the PPPC limit for the months of July 2016 and December 2016. 250 
Due to higher synchronous inertia, PPPC limit is usually higher during the winter period. The PPPC is always 251 
kept below the PPPC limit.  252 
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 253 

Figure 9. PPPC Limit and PPPC for July 2016 254 
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 255 

Figure 10. PPPC Limit and PPPC for December 2016 256 

  257 
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Eastern and Western Interconnections 258 
In comparison to HQ and ERCOT, the Eastern interconnection (EI) and Western interconnection (WI) are 259 
physically larger systems with lower penetration of non-synchronous generation as a percentage of system 260 
load. Therefore, rather than conduct studies covering all possible inertia conditions as in the cases of HQ 261 
and Texas described above, it is practical to trend the frequency support measures (Measures 1, 2 and 4) 262 
historically and forecast future trends using EI and WI planning cases.  263 
 264 
The ERSWG has worked with members of the EI and WI to develop a study process for future forward-265 
looking frequency support measures as detailed below. The Eastern Interconnection Planning Collaborative 266 
(EIPC) and Western Electricity Coordinating Council (WECC) will lead this effort for the EI and the WI, 267 
respectively.  268 

Eastern Interconnection (EI) 269 
The EI Multiregional Modelling Working Group (MMWG) is developing planning cases for the EI that are 270 
suitable for future trending. Table 2 shows the 2016 series of planning cases, which are five year 271 
projections. The row highlighted in green represents the case that can be used as a starting point. In this 272 
case, the “Frequency Response” data set is adjusted to reflect the “Dynamic Model” data set that 273 
represents a more accurate frequency response in the EI (i.e., to more accurately model frequency response 274 
withdrawal behavior, also known as the “Lazy L”).  275 

 276 

Table 2. EI MMWG Planning Cases - 2016 series 

Year Season 
Power 
Flow 

Model 

Dynamic 
Model 

Study 
Model 

Frequency 
Response 

Load 
Modeling 

2017 Spring Light Load X X   X   
2017 Summer Peak X X X X   

2017/18 Winter Peak X X X X   
2018 Spring Light Load X         
2018 Summer Peak X         

2018/19 Winter Peak X         
2021 Summer Shoulder X         
2021 Spring Light Load17 X X   X X 
2021 Summer Peak X X     X 

2021/22 Winter Peak X X       
2026 Summer Peak X X       

2026/27 Winter Peak X X       
 277 

The first step is to validate the Light Load “Frequency Response” case using the data from a recent historic 278 
frequency event as follows: 279 

                                                             

17 Light Load Cases are based on Easter Sunday 2 AM assumption.  
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1. Choose an event that happened at system conditions similar to the Light Load planning case 280 
(inertia data from June 2016 and later is available to the NERC RS). 281 

2. Simulate the selected event using the Light Load planning case. 282 

3. Compare the frequency response from the selected historic event to the simulated event. It is 283 
expected that frequency response will look different due to the simulation being conducted on a 284 
future planning case. However, it is important to analyze the differences between the responses 285 
and understand if governor models and deadbands in the planning case need to be modified to be 286 
more representative of the actual governor response on the system.  287 

 288 
Once the frequency response event in the Light Load planning case is validated and any necessary 289 
modifications to governor models are made, it is then necessary to verify that unit commitment in the Light 290 
Load cases is representative of future low system inertia conditions. The following steps describe the 291 
process for evaluating the unit commitment in the light load case: 292 

1. Use the Light Load case for 2017 (from 2016 case series), 293 

2. Calculate the total system inertia in this case, and  294 

3. Compare the calculated system inertia to the minimum inertia reported from historic data for the 295 
year 2017. (The minimum inertia data for the system is readily available through the NERC RS via 296 
the historic Measure 1, 2 and 4 data collection and analysis process.)  297 

a. If the historically reported 2017 minimum inertia is close to the calculated total system inertia 298 
from the planning case, then the unit commitment in the MMWG five-year light load case can 299 
be assumed to be representative of low inertia conditions.18 300 

b. If the calculated inertia from the light load planning case for 2017 (from 2016 case series) is 301 
not close to the historically reported 2017 minimum inertia, then the unit commitment in the 302 
light load planning case is not representative of low load/high renewable conditions. When 303 
this occurs, EIPC will modify the unit commitment and dispatch in the five-year light load case 304 
to arrive at a case that is representative of low inertia conditions.19  305 

 306 
Once a planning case that is representative of low inertia conditions is created, future looking Measures 1 307 
and 2 can be calculated as detailed in the ERSTF Framework Report. EIPC will then simulate the largest 308 
generation loss (currently 4,500 MW for EI as per BAL-003-1.1). The frequency response trace from the 309 
simulation will be used to calculate future looking Measure 4, as detailed in the ERSTF Framework Report. 310 
EIPC will then provide a report to NERC with the list of changes made to the initial Light Load planning case 311 
in order to perform the analysis, as well as feedback/suggestions on new cases that would be better suited 312 
for the frequency measures analysis going forward. Additionally, EIPC will also: 313 

• Provide feedback to the MMWG in order to improve their next round of case development,  314 

                                                             

18 MOD32 defines what an asset owner has to provide in terms of dispatch into planning cases. 

19 Some of the results of production cost simulation studies from NREL and EPRI could be used to inform the commitment and dispatch 
process. The NREL Eastern Renewable Generation Integration Study https://www.nrel.gov/grid/ergis.html  

https://www.nrel.gov/grid/ergis.html
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• Identify data gaps to help the Planning Coordinators find problematic/bad data, and 315 

• Work with the WI to understand how they are developing Low Inertia cases. 316 

Modelling Improvement Efforts 317 
To improve the analysis, the University of Tennessee Knoxville (UTK), Midcontinent ISO (MISO) and NERC 318 
have independently carried out frequency response studies and collaboratively recommended the 319 
following modelling improvements for EI MMWG Frequency Response cases: 320 

• The total generation online with and without frequency response in the planning cases should 321 
more closely match the total generation online when compared to the system operations case. 322 
NERC will continue working with the Eastern Interconnection Reliability Assessment Group (ERAG) 323 
and MMWG to annually update dynamics case data and validate cases against system frequency 324 
events and a realistic operational dispatch. To perform a valid EI inertial analysis, the scenario 325 
must correspond to a reasonable operational dispatch. 326 

• The NERC Changing Resource Mix (CRM) Study and NERC’s analysis performed in response to FERC 327 
Order 79420 found that the existing EI planning cases do not contain deadband modeling. The new 328 
governor models with deadband blocks available in PSS/E21 version 33.10 (14 new governor 329 
model types) should be included in future base cases. 330 

• Set governor deadbands at ±36 mHz or use actual deadbands as these become available. 331 

• Some of the governors in the cases should be disabled. GE and UTK studies found that 332 
approximately thirty percent of the governors in the planning case should be in-service/frequency 333 
responsive to capture the governor response of the EI.  334 

• Units that have outer-MW control loops should be identified. Governor models should be 335 
provided along with outer-MW control loop models (Turbine Load Controller Model) in order to 336 
represent the withdrawal of frequency response in the planning case.22  337 

• To summarize the above three points, synchronous generation governors should be modeled to 338 
capture the governor response modes of various generators; specifically, whether they are Fully 339 
Responsive, Squelched, or Non-Responsive. 340 

                                                             

20 On January 16, 2014, in Docket No. RM13-11, FERC issued a final rule approving the Reliability Standard BAL-003-1 (Frequency Response 
and Frequency Bias Setting). Reliability Standard BAL-003-1 defines the amount of frequency response needed from balancing authorities to 
maintain Interconnection frequency within predefined bounds and includes requirements for the measurement and provision of frequency 
response.  In addition, FERC directs NERC to submit certain reports to address concerns discussed in the Final Rule 
https://www.ferc.gov/whats-new/comm-meet/2014/011614/E-2.pdf. 

21 Power System Simulator for Engineering is a software tool used to simulate electrical transmission networks in steady-state conditions as 
well as over timescales of a few seconds to tens of seconds. 

22 The NERC response to FERC Order 794 determined that the governor modeling data provided by the Frequency Response Initiative of the 
NERC Resources Subcommittee significantly improved the governor modeling, including droop settings. Similarly, the Turbine Load Controller 
modeling provided by the Frequency Response Initiative significantly improved the Load Controller modeling and produces frequency 
response that benchmarks reasonably well to recent EI events. 
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• Automatic generation control (AGC), remedial action schemes, and generator protection and 341 
controls should be considered to capture mid-term dynamics behavior. 342 

• Industry should work directly with software vendors to improve the dynamics models of new 343 

technologies such as inverter-based resources and wind generation. 344 
 345 

Western Interconnection (WI) 346 
WECC is producing a set of operations and planning cases for the WI every year that are similar to the 347 
MMWG cases in the EI. Table 3 shows the 2016 series of planning cases, which are five year projections. 348 

 349 
 350 

Table 3. WI Planning Cases – 2016 Series23 
 

Year Season 
Power 
Flow 

Model 

Dynamic 
Model Load Modeling 

2017/18 Heavy Winter X X X 
2017/18 Light Winter X X X 

2018 Heavy Spring X X X 
2018 Heavy Summer X X X 
2018 Light Summer X X X 

2019/20 Heavy Winter with South-
North flows through California X X X 

2021 Light Spring X X X 
2022/23 Heavy Winter X X X 

2023 Heavy Summer X X X 
2027/28 Heavy Winter X X X 

2028 Heavy Summer X X X 
 351 

Unlike for the EI, WECC does not create Frequency Response cases. Separate Frequency Response cases 352 
are not required, as all planning cases have a corresponding dynamic data set that represents accurate 353 
governor response. Generator Operators of large generators 24  are directly providing their respective 354 
governor test results to WECC. Additionally, the planning models include a base load flag for the generators, 355 
which can block the governor response on the units in the model. As shown in Table 3, WECC currently only 356 
creates Summer and Winter Peak cases. However, these have been evaluated in comparison to actual 357 
historic events and are therefore are well benchmarked cases.  358 

                                                             

23 WECC Guideline, 2017 Base Case Compilation Schedule, July 7, 2016 

24 The WECC Generator Testing Policy asks for all generators 10 MVA or larger or plants 20 MVA or larger connected at 60 kV or higher to be 
tested.  

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.wecc.biz_Administrative_2017-2DBase-2DCase-2DCompilation-2DSchedule-2D5-2D11-5FClean.doc&d=DwMFAg&c=trp9rTvIdyEWh1VWB5x8_2JiPaB5oGZOtWPDws2_VoY&r=C0T6d2AbrxXMgOEZ2TeeYm_aZDBFk45GTw_4tzjkqDk&m=aA6BbqNEIVDhTJiNTN5BSn3LBQGAlATRJJ8c9WQ9JvE&s=1EVQtAwsjiZlmI_Eces5NGdgThe987XMwC0vg6bKDKI&e=
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WECC will follow the same process for forward looking frequency studies as described previously in the EI 359 
section of this paper. Working with transmission planners in their area, these cases can be modified to 360 
create a low inertia case for the five year forward looking timeframe. In addition, it may be possible to 361 
adapt the methodology for the unit commitment and dispatch approach from the NREL Western Wind and 362 
Solar Integration Study 25  to further enhance each case. The proposed next steps for WECC include 363 
collaborative work with UTK on improving governor modeling in the planning cases. 364 

EI and WI Next Steps 365 
Depending on efforts involved in producing forward-looking Measures 1, 2 and 4 studies, the EI and WI may 366 
determine the periodicity of the analysis. The current proposal is to repeat the forward looking frequency 367 
response studies every two to three years using the five year future planning cases. The forward looking 368 
Measures 1, 2 and 4 process will continue to be updated with historic Measures 1, 2, and 4 data.  369 

Both EI and WI will provide study reports to NERC with their required study cases. EIPC and WECC may also 370 
develop a procedural manual for this work so that it can be repeated in the future on a defined periodic 371 
basis.  372 

 373 

  374 

                                                             

25 NREL Western Wind and Solar Integration Study, https://www.nrel.gov/grid/wwsis.html  

https://www.nrel.gov/grid/wwsis.html
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Appendix A: Synthetic Inertia Requirements of Wind Power Plants in 375 

Hydro Québec 376 
Hydro-Québec has included a synthetic inertia requirement from every wind power plant with a rated 377 
power of greater than 10 MW.26 Wind power plants with a rated power greater than 10 MW must also be 378 
equipped with a frequency control system. Such a system enables wind generating stations to help 379 
restore system frequency in the advent of disturbances and thus maintain the current level of 380 
performance with regards to frequency control on the Transmission System. Different requirements apply 381 
to underfrequency conditions (during which the system relies on the inertial response of wind generators) 382 
and overfrequency conditions (where the system relies on continuous frequency regulation), as detailed 383 
below.  384 

Underfrequency Control (inertial response)  385 
The inertial response takes the form of a momentary overproduction that limits the frequency drop after 386 
a major loss of generation on the system. This control system will only be used to handle significant 387 
frequency variations, but it must remain in service continuously. For disturbances that bring 388 
underfrequency (< 60.0 Hz) conditions, the inertial response system used to comply with this requirement 389 
must assure system performance levels with the following characteristics: 390 

• Full overproduction activated at a given frequency threshold or overproduction proportional to 391 
frequency deviation; 392 

• Deadband adjustable from -0.1 Hz to -1.0 Hz with respect to nominal frequency (60 Hz); 393 

• Maximum momentary real power overproduction equal to at least 6% of rated power of each 394 
wind generator in service; 395 

• Rise time to reach maximum overproduction limited to 1.5s or less; 396 

• Real power decrease during energy recovery (if needed) limited to approximately 20% of rated 397 
power; 398 

• Should be available from every wind generator in service whenever their generation level reaches 399 
approximately 25% of the rated power; 400 

• Able to operate repeatedly with a 2 min delay after the end of the recovery period following the 401 
previous operation. 402 

 403 
Wind power plant performance takes precedence over individual wind turbine performance. The power 404 
producer must demonstrate the operation and performance of the inertial response system design based 405 
on tests performed on actual wind generators. The Transmission Provider may also consider any other 406 
solution that would allow it to reach the same performance objectives with regards to underfrequency 407 
control. 408 

Overfrequency Control (Primary Frequency Response) 409 

                                                             

26 Technical Requirements for the Connection of Generating Stations to the Hydro-Québec Transmission System, December 2016 : 
http://publicsde.regie-energie.qc.ca/projets/208/DocPrj/R-3830-2012-B-0075-Demande-Piece-2016_12_15.pdf 

http://publicsde.regie-energie.qc.ca/projets/208/DocPrj/R-3830-2012-B-0075-Demande-Piece-2016_12_15.pdf
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In order to handle overfrequency disturbances (>60.0 Hz), every wind generator within a wind power 410 
plant must be equipped with a frequency control system with a permanent droop (sigma) adjustable over 411 
a range of at least 0 to 5% and a deadband adjustable between 0 and 0.5 Hz. 412 



 

 

Forward Looking Frequency Trends 1 

A Brief for Regulators and Policymakers 2 

ERS Framework1 Measures 1, 2 & 4 – Forward Looking Frequency 3 

Analysis 4 
 5 
Regulators and policymakers should be aware of impacts to Bulk Power System (BPS) reliability that occur 6 
due to policy decisions that influence the resource mix. This document addresses the manner in which 7 
frequency support is being assessed and managed by the smaller interconnections, and the benefit, 8 
particularly for the larger interconnections, of forecasting future trends.  9 
 10 
Frequency support is the response of generators and loads to maintain the system frequency in the event 11 
of a system disturbance. Frequency support is provided through the combined interactions of synchronous 12 
inertia (traditionally from conventional generators and motors) and frequency response (from a wide 13 
variety of generators and loads). Working in a coordinated way, these characteristics arrest and eventually 14 
stabilize frequency. A critical issue is to stabilize the frequency before it falls below underfrequency load 15 
shedding values or rises above overfrequency relay trip settings.  16 
 17 
It is important to understand that inertia and frequency response are properties of the interconnection (not 18 
to each balancing area individually) and these properties have different characteristics for each 19 
interconnection. For example, if changes to the resource mix alter the relative amounts of synchronous 20 
inertial response or frequency response, various mitigation actions are possible (such as obtaining faster 21 
primary frequency response from other generators or loads) to maintain or improve frequency support.  22 
 23 
The frequency measures are intended to monitor and identify trends in frequency response performance 24 
as the generation mix continues to change. The holistic frequency measure, called Measure 4 in ERSWG 25 
reports, tracks phases of frequency performance after disturbance events in each interconnection (initial 26 
frequency rate of change, arresting phase and recovery phase). Other measures look at components of this 27 
coordinated frequency response, such as the amount of synchronous inertial response (SIR, Measure 1) and 28 
the initial rate of change in frequency following the largest contingency event (RoCoF, Measure 2). 29 
 30 
As previously reported in the separate brief on Historical Frequency Trends, changes in frequency measures 31 
are being carefully analyzed using historical data. The NERC Resources Subcommittee is monitoring 32 
historical trends and reporting on these results in the annual NERC State of Reliability Report.  33 
 34 
However, it is also prudent to forecast future trends to anticipate changes and provide additional time to 35 
plan and implement changes. Projecting the future frequency support characteristics requires modeling of 36 
the future state of the interconnection using reasonable assumptions and scenarios. This forward looking 37 
analysis will be performed as part of the NERC reliability assessment process and included in the NERC Long 38 
Term Reliability Assessment Report (LTRA). 39 
                                                      
1 Essential Reliability Services Working Group, Measures Framework Report, November 2015  

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf
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 40 
Hydro Québec (HQ) and ERCOT are smaller interconnections that consist of a single balancing area. In 41 
ERCOT, approximately twenty percent of the installed generation capacity is from wind resources (as of the 42 
end of 2016) and there are times when wind generation is serving up to fifty percent of ERCOT’s total system 43 
load. In HQ, the majority of the generation capacity comes from hydro resources which, in general, have 44 
lower inertia in comparison to coal and combined cycle units of the same MW size. Consequently, these 45 
two interconnections are actively addressing issues with lower system inertia and experience faster 46 
frequency declines after large contingency events. 47 
 48 
Both HQ and ERCOT have requirements and practices in place to ensure sufficient frequency performance. 49 
They have similar approaches for ensuring sufficient Primary Frequency Response (PFR). Both ERCOT and 50 
HQ require PFR capability to be enabled on all online generators that are over 10 MW in size and connected 51 
at the transmission level, and all online generators are expected to respond to disturbance events when 52 
they have the available operating range to do so. Both also have approaches for procuring additional 53 
frequency response reserves when needed (ERCOT through the ancillary service market, and HQ through 54 
bilateral contracts). Interestingly, up to a half of ERCOT’s primary frequency reserve can be provided by 55 
load resources, with this very fast response considered to be a valuable form of Fast Frequency Response 56 
(FFR). HQ obtains a different form of FFR through use of a “synthetic inertia” option from wind turbines. 57 
 58 
On the other hand, the two interconnections have different strategies to ensure reliable operation during 59 
low system inertia conditions. ERCOT has studied the performance of their interconnection across a range 60 
of SIR levels, implemented a control room tool to provide operator awareness, and determined the 61 
amounts and types of additional frequency response reserves to be obtained for various operating 62 
conditions. HQ has establish operating criteria based on comprehensive studies of their system considering 63 
different load/generation levels, contingency sizes and locations, effects of synchronous reserves, load 64 
behaviors, etc. They then operate their system so as to ensure that the maximum generation trip will not 65 
result in underfrequency load shedding based on the actual topology of their network for both day-ahead 66 
and hour-ahead generation dispatches. 67 
 68 
In comparison to HQ and ERCOT, the Eastern interconnection (EI) and Western interconnection (WI) are 69 
physically much larger systems with lower penetrations of non-synchronous generation as a percentage of 70 
system load and very large numbers of diverse generation resources. Therefore, rather than conduct studies 71 
covering all possible inertia conditions as in the cases of HQ and ERCOT, it is most practical to forecast future 72 
trends using EI and WI planning cases and modeling methods. The Eastern Interconnection Planning 73 
Collaborative (EIPC) and Western Electricity Coordinating Council (WECC) will lead this effort for the EI and 74 
the WI, respectively. The current proposal is to repeat the forward looking frequency response studies every 75 
two to three years using the five year future planning cases. 76 
  77 
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For Further Information 78 
For more details, see Chapter 1 of the ERS Whitepaper on Sufficiency Guidelines, the Brief for Regulators 79 
and Policymakers on Historical Frequency Trends, or the detailed Technical Brief on these topics. The 80 
historical and forward looking frequency trends will be discussed annually in the NERC State of Reliability 81 
Report and Long Term Reliability Assessment Report, respectively. 82 

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSWG_Sufficiency_Guideline_Report.pdf
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Item_6b.iii._ERS_Historical_Measure_124-Brief_for_Regulators_and_Policymakers_DRAFT_2.pdf
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Item_6b.iii._ERS_Historical_Measure_124-Brief_for_Regulators_and_Policymakers_DRAFT_2.pdf
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Item_6b.ii._ERS_Historical_%20Measures_124%20_Technical%20Brief_DRAFT_%2020171107.pdf


 

 

 

 1 

Disposition of ERSWG Measure 3: 2 

Synchronous Inertial Response at the BA Level  3 

 4 

Recommendation 5 
The NERC Planning and Operating Committees jointly created the Essential Reliability Services (ERS) Task 6 
Force (later renamed as the ERS Working Group (ERSWG)) to identify necessary services for reliability of the 7 
bulk power system (BPS). The group has been working on these issues since 2014 and previously proposed 8 
a measure related to synchronous inertial response at the Balancing Authority (BA) level (identified as 9 
Measure 3 in earlier reports). Originally, the intent was to use data at the BA level to create (or “build up”) 10 
the interconnection-level data that is needed for the other ERS frequency measures as measuring and 11 
monitoring inertial and frequency response is only meaningful at the interconnection level. However, since 12 
other data collection processes have evolved to provide the interconnection-level data, the ERS Measure 3 13 
is no longer viewed as necessary or adding value. Therefore, the ERSWG recommends no further action on 14 
ERS Measure 3 (Synchronous Inertial Response at the Balancing Authority Level) that was proposed in the 15 
Measures Framework Report in 2015. 16 
 17 

Background 18 
The Measures Framework Report recommended that BAs provide three years of historical synchronous 19 
inertia (SI) values and a three-year projection of their expected SI values. The BA-level values were 20 
assumed to be necessary to develop interconnect-wide SI profiles, both historical and prospectively. 21 
These interconnect values would be used to calculate system inertial response in the initial 0.5 second 22 
period after a disturbance event. Likewise, the prospective values would be used in a similar manner to 23 
project changes in inertial response in the future.   24 

The NERC Resources Subcommittee (RS) developed a means of generating historical interconnect-wide SI 25 
values without requiring BAs to generate the data. Through these processes, the RS has been collecting 26 
historical interconnect SI data since June of 2016. 27 

As a part of ERSWG Measure 4 (Frequency Response at the Interconnection Level), forward looking 28 
analysis will be performed as part of the NERC reliability assessment process and included in the NERC 29 
Long Term Reliability Assessment Report (LTRA). This analysis will model future SI and frequency response 30 
at the interconnection level, therefore the need for BAs to provide a SI forecast to NERC is unnecessary. 31 

Given that both the historical and forward-looking aspects of the frequency support measures are 32 
adequately addressed through these other means, and since inertial and frequency response 33 
characteristics are a property of the interconnection as a whole, the ERSWG recommends no further 34 
action on ERS Measure 3 as it was proposed in 2015. 35 



 

 

Forward Looking Net Demand Ramping 1 

Variability Technical Brief  2 

ERS Framework1  Measure 6 – Forward Looking Net Demand Ramping 3 

Variability  4 
 5 
The NERC Planning Committee and Operating Committee jointly created the Essential Reliability Services 6 
Task Force (ERSTF) to consider reliability issues that may result from the changing generation resource 7 
mix, resulting in the development of essential reliability services (ERS) measures for examination and 8 
monitoring to identify trends. The ERSTF was converted into the ERS Working Group (ERSWG) and 9 
charged with identifying, evaluating, and developing “Sufficiency Guidelines” for each quantifiable 10 
measure. 11 
 12 
Background 13 
A Balancing Authority (BA) may have limited ability to control the output of many generation resources, 14 
both conventional and renewable, and existing operating practices have evolved to accommodate this 15 
situation. However, with an increasing penetration of variable generation resources, some BAs are 16 
experiencing changes in the use of conventional resources and traditional operating practices. 17 
Consequently, system ramping capability with flexible resources is becoming an important component of 18 
planning and operations.  19 
 20 
For example, the California Independent System Operator (CAISO) is experiencing challenges with net 21 
load2 ramping and over-supply conditions. High penetrations of non-dispatchable resources are meeting a 22 
large portion of their customers’ energy needs during various times of the day, resulting in the need for 23 
additional flexibility and ramping capability from the rest of the generation fleet. This is not a completely 24 
new concern for BAs as some resources and imports have a long history of non-dispatchability due to 25 
physical or contractual limitations. However, newer resources may or may not be incorporated into the 26 
dispatch process, or they may be considered “must take” resources, so changing resources can contribute 27 
to increasing ramping needs. Finally, physical characteristics of resources may limit the ability to reduce 28 
active power output when committed, turn off after being on for below a minimum run time, or turn on 29 
after being offline below a minimum down time, among other constraints. The combination of all such 30 
factors can result in increased periods of over or under generation, upward and downward ramping 31 
scarcity from generation resources, and other situations that cause an overreliance on the rest of the 32 
interconnection for balancing the operational reliability requirements of the system. 33 
 34 
There are many ways to mitigate ramping and balancing concerns. The focus of this technical brief is to 35 
ensure that anticipated challenges are identified early so that remedial changes can be accomplished in a 36 
timely and reliable manner. Therefore, as a best practice, BAs should regularly examine the composition 37 
of their generation fleet to determine if changes are needed in their supply procurement, unit 38 

                                                      
1 Essential Reliability Services Working Group, Measures Framework Report, November 2015  
2 Net Load = Load – Wind & Solar Power Production 

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF%20Framework%20Report%20-%20Final.pdf
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commitment or dispatch practices. This examination should be focused on the ability to adequately 39 
balance generation and load during normal conditions within their area, meet the shared responsibility of 40 
supporting interconnection frequency, and also maintain sufficient capacity to meet BA contingency 41 
reserves and frequency response obligations. 42 
 43 
To address the ramping and flexibility concerns, this technical brief has been developed in collaboration 44 
with the NERC Essential Reliability Services Working Group (ERSWG) and the NERC Reliability Assessment 45 
Subcommittee (RAS) to identify trends and indications of potential balancing and ramping concerns within 46 
a BA’s footprint. This technical brief presents an updated forward looking screening methodology3 and is 47 
intended to assist the RAS in identifying BAs which may experience changes in their load patterns or their 48 
resource mix that could impact ramping and flexibility needs over time. This methodology will be used on 49 
an annual basis or as set forth by the NERC RAS to aid BAs in monitoring for potential flexibility concerns. 50 
 51 
The flowchart in Figure 1 outlines the screening process to perform a high-level review of an area’s load 52 
and generation resource mix and assists the RAS in determining if additional outreach to BAs is required. 53 
Based on the results and communications with the BA, further detailed evaluations may be needed to 54 
clarify potential shortages of ramping or flexible capability. 55 
 56 

 57 
 58 

Figure 1. NERC RAS – Measure 6 Forward Looking Screening Process 59 

                                                      
3 NERC Essential Reliability Services Whitepaper on Sufficiency Guidelines (December 2016) – Chapter 2 
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The Measure 6 Forward Looking Screening Process will be managed by the RAS. The RAS will establish the 60 
appropriate screening analysis parameters and the associated reporting requirements. Once screening 61 
parameters and reporting requirements are established for the defined study period, the RAS will request 62 
that identified BAs perform the Non-Dispatchable Resource Penetration Screen and the Flexible Resource 63 
Screen described later in this document.  Once completed, the BA will provide the screening results to the 64 
RAS, and the RAS will determine if further analysis is warranted and include anonymized results in the 65 
NERC Long-Term Reliability Assessment (LTRA) report. Additional details of the Measure 6 Forward 66 
Looking Screening Process are described below. 67 
 68 
RAS Defines Screening Analysis and Results Reporting Requirements 69 
The NERC RAS will define the screening analysis parameters and the associated reporting requirements 70 
for the pre-screening process. The identified screening parameters should be selected to allow for BA-71 
specific differences. An example list of study parameters are as follows: 72 

• Time duration of examination period (e.g. 1 hour, 3 hours, 6 hours, etc.)  73 

• Time of year for examination (A specific month, or season etc.)   74 

• Evaluation threshold for Non-Dispatchable Resource Penetration Screen4  75 

• Study period based on load assumptions (e.g. High Ramp Up Periods. Bottoming Out Times 76 
followed by High Ramp Periods, etc.)  77 

• Load Calculation requirements (e.g. Average, Max, Sum, etc.)  78 

• Types of Non-Dispatchable resources to be examined  79 

• Types of “flexible” responsive resources to be examined  80 

• Analysis result reporting requirements  81 

• A list of BAs that will be requested to perform the Non-Dispatchable Resource Penetration Screen 82 
and the Flexible Resource Screen 83 

• Contact method and results reporting time frame  84 

• Other parameters as determined by the RAS 85 
 86 
BA Analysis & Pre-Screening 87 
The first step in performing this pre-screening evaluation is to identify the future operating conditions 88 
that may lend themselves to ramping and flexible resource shortfalls or over-supply conditions. While 89 
determination of these “operating conditions” is somewhat subjective, these operating conditions 90 
typically correspond to operating hours where the available dispatchable system resources constitute a 91 
smaller percentage of the total committed system resources. These conditions normally correspond to 92 
operating hours where available flexible capability of the committed resources is nearing the magnitude 93 

                                                      
4 The evaluation percentage for the Non-Dispatchable Resource Penetration Screen should initially be a value between 30% and 50%, with 
the percentage selected by the NERC RAS when considering the generation resource mix of an assessment area. This evaluation percentage 
can be adjusted by the NERC RAS on an as need basis. It is recommended that the initial evaluation percentage be established at 40% based 
on proof of concept results. 
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or rate of the expected net load ramp, or when system load is expected to be low and non-dispatchable 94 
system resources, as defined below, are meeting a large portion of the system demand.  95 
 96 
Non-Dispatchable Resource Penetration Screen 97 

 98 
The BA will identify the following inputs based on the screening parameters provided by the NERC RAS.  99 

1. The expected load for the identified operating screening hour( 𝑳𝑳𝑪𝑪𝑳𝑳). 100 

2. The capacity of non-dispatchable resources �𝑹𝑹𝑵𝑵𝑵𝑵_𝒖𝒖𝒖𝒖 𝐚𝐚𝐚𝐚𝐚𝐚 𝑹𝑹𝑵𝑵𝑵𝑵_𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅� that are expected to be 101 
operational for the same year during the screening hour. Note the amount of non-dispatchable 102 
resources may be different depending on direction of response. For example, in some areas, wind 103 
resources, solar resources and distributed energy resources (DER)5 are dispatchable down but not 104 
dispatchable up since they usually operate at their maximum available production.  105 

 106 
The BA should evaluate the ratio of Non-Dispatchable resources to load based on the screening 107 
parameters and the conditions identified. The BA will document the results of �𝑹𝑹𝑵𝑵𝑵𝑵_𝒖𝒖𝒖𝒖 ≥ 𝑿𝑿% 𝒅𝒅𝒐𝒐 𝑳𝑳𝑪𝑪𝑳𝑳� 108 
and �𝑹𝑹𝑵𝑵𝑵𝑵_𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 ≥ 𝑿𝑿% 𝒅𝒅𝒐𝒐 𝑳𝑳𝑪𝑪𝑳𝑳� for submittal to the NERC RAS. 109 
 110 
Flexible Resource Screen 111 

 112 
The BA will identify the following inputs based on the screening parameters provided by the NERC RAS.  113 

                                                      
5 When considering the impact of DERs in the evaluation process, if a DER is dispatchable then do not include it in 𝑹𝑹𝑵𝑵𝑵𝑵_𝒖𝒖𝒖𝒖 or 𝑹𝑹𝑵𝑵𝑵𝑵_𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅, if the 
DER is registered and is non-dispatchable then include it in 𝑹𝑹𝑵𝑵𝑵𝑵_𝒖𝒖𝒖𝒖 and 𝑹𝑹𝑵𝑵𝑵𝑵_𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅, or if the DER is netted with load in LCL then it should not be 
included in 𝑹𝑹𝑵𝑵𝑵𝑵_𝒖𝒖𝒖𝒖 or 𝑹𝑹𝑵𝑵𝑵𝑵_𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅.    

Non-dispatchable resources generally refer to those system resources that do 
not have active power management capability due to physical or contractual 
limitations. These may include, for example, nuclear generators, geothermal 
generators, other generators with contractual limitations, and older utility scale 
renewable generators and DER. 
 
The specific types of Non-dispatchable resources to be examined will be provide 
by the NERC RAS as part of the screening analysis parameters. 
 

Flexible resources generally refer to those system resources that are available 
or can be called upon in a short time to respond to changing system conditions. 
These may include, for example, hydro generation, quick start CTs, batteries, 
and may include dispatchable renewable resources, etc.  
 
The specific types of flexible resources to be examined will be provided by the 
NERC RAS as part of the screening analysis parameters 
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1. The amount of non-dispatchable resources �𝑹𝑹𝑵𝑵𝑵𝑵_𝒖𝒖𝒖𝒖 𝐚𝐚𝐚𝐚𝐚𝐚 𝑹𝑹𝑵𝑵𝑵𝑵_𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅� that are expected to be 114 
operational for the study year during the selected screening hour. Note the amount of non-115 
dispatchable resources may be different depending on direction of response. For example, in some 116 
areas wind resources and solar resources are dispatchable down but not dispatchable up since 117 
they usually operate at their maximum available production. 118 

2. The amount of flexible resources �𝑭𝑭𝑹𝑹𝒖𝒖𝒖𝒖 𝐚𝐚𝐚𝐚𝐚𝐚 𝑭𝑭𝑹𝑹𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅� that are expected to be available for 119 
dispatch for the study year during the selected screening hour. Note that the amount of Flexible 120 
Resources may be different depending on direction of response.   121 

 122 
The BA should evaluate the difference of Non-Dispatchable resources to Flexible Resources based on the 123 
screening parameters and the conditions identified.  The BA will calculate and document the results of 124 
�𝑹𝑹𝑵𝑵𝑵𝑵_𝒖𝒖𝒖𝒖 − 𝑭𝑭𝑹𝑹𝒖𝒖𝒖𝒖� and �𝑹𝑹𝑵𝑵𝑵𝑵_𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 − 𝑭𝑭𝑹𝑹𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅� for submittal to the NERC RAS. If the screening indicates 125 
that a BA does not have enough Flexible Resources (FR) to support their non-dispatchable resources (i.e. 126 
screening is zero or positive) additional evaluation may be needed as determined by the RAS and the BA. 127 
However, a negative result does not necessarily indicate that a BA will not experience ramping issues. The 128 
BA should consider possible real-time dispatch patterns, taking into account the resource operating 129 
characteristics such as unit start-up and shut-down times, unit ramping capabilities, etc., to reflect 130 
potential constraints during operational periods.   131 
 132 
Additional Evaluation 133 
If the Non-Dispatchable Resource Penetration Screen or the Flexible Resource Screen indicate potential 134 
ramping issues (i.e. Non-Dispatchable Resource Penetration Screen is greater than evaluation threshold or 135 
Flexible Resource Screen is zero or positive) the RAS may request additional analysis from the BA.  136 
 137 
If additional analysis is needed, there are additional tools that may be leveraged. The tools include, but 138 
are not limited to, the Ramping Capability Screen which is explicitly described in the next section of this 139 
brief and the full production modeling assessments as documented in appendices F and G of the 140 
December 2016 NERC Essential Reliability Services Whitepaper on Sufficiency Guidelines6. 141 
 142 
Ramping Capability Screen 143 
For constrained operating conditions, the Ramping Capability Screen may be used as a tool to determine if 144 
additional detailed analysis is warranted. 145 
 146 
The BA will identify the following inputs: 147 

1. The 98th percentile of the maximum net load7 increase ( 𝑴𝑴𝑵𝑵𝑳𝑳𝒖𝒖) or maximum net load decrease 148 
( 𝑴𝑴𝑵𝑵𝑳𝑳𝒅𝒅) that may occur for the next hour (and three hours) from the selected screening hour and 149 
is based on future renewable generation and projected load forecasts.  150 

                                                      
6 December 2016 NERC ERSWG Whitepaper on Sufficiency Guidelines, 
http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSWG_Sufficiency_Guideline_Report.pdf  
7 The maximum net load increase ( 𝑴𝑴𝑵𝑵𝑳𝑳𝒖𝒖) or maximum net load decrease ( 𝑴𝑴𝑵𝑵𝑳𝑳𝒅𝒅) over one and three hours are calculated as described in 
Measure 6 in the ERSWG Whitepaper on Sufficiency Guidelines Appendix E.  

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSWG_Sufficiency_Guideline_Report.pdf
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2. The contingency reserve (𝑪𝑪𝑹𝑹) that is needed to cover the BA’s Most Severe Single Contingency 151 
(MSSC) during the constrained operating condition. 152 

Evaluation Process 153 

1. Compare to ensure that the downward ramping capacity of the Flexible resources (those resources 154 
that are online with downward ramping capability or can be brought offline within one to three 155 
hours8) can cover ( 𝑴𝑴𝑵𝑵𝑳𝑳𝒅𝒅). 156 

2. Compare to ensure that the upward ramping capacity of the Flexible resources (those resources 157 
that are online with upward ramping capability or can be brought online within one to three 158 
hours) can cover ( 𝑪𝑪𝑹𝑹 + 𝑴𝑴𝑵𝑵𝑳𝑳𝒖𝒖). 159 

 160 
Example of Ramping Capability Screen 161 
ERCOT provided a screening test example for Measure 6 based on the future year 2019 following the 162 
screening methodology described above.  163 

For ERCOT’s Non-Dispatchable Resources Penetration Screening, nuclear, wind and solar resources are 164 
considered non-dispatchable in the upward ramp direction�𝑹𝑹𝑵𝑵𝑵𝑵_𝒖𝒖𝒖𝒖�. Additionally, only nuclear 165 
generation is non-dispatchable in the downward ramp direction�𝑹𝑹𝑵𝑵𝑵𝑵_𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅�.  166 

Critical operating conditions for the Non-Dispatchable Resource Penetration Screen are assumed to occur 167 
during minimum load conditions (e.g. 𝑳𝑳𝑪𝑪𝑳𝑳 = 𝟐𝟐𝟐𝟐.𝟐𝟐 𝑮𝑮𝑮𝑮 on a February night). The amount of non-168 
dispatchable generation in the upward ramp direction during this time is expected to be 𝑹𝑹𝑵𝑵𝑵𝑵_𝒖𝒖𝒖𝒖 =169 
𝟐𝟐𝟐𝟐 𝑮𝑮𝑮𝑮8F

9 and in the downward ramp direction𝑹𝑹𝑵𝑵𝑵𝑵_𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 = 𝟐𝟐𝟐𝟐𝟐𝟐𝟓𝟓 𝑴𝑴𝑮𝑮. Thus, the Non-Dispatchable 170 
Resource Penetration Screen shows that in the upwards direction, about 84% of the expected minimum 171 
load is supplied by non-dispatchable generation and looking in the downwards direction, 20% of minimum 172 
load is supplied by non-dispatchable generation. Therefore, the Ramping Capability Screen is only done 173 
for the upward direction. 174 

ERCOT performed the Ramping Capability Screen using the net load profiles that were produced for the 175 
2016 LTRA. The net load profiles (load minus wind production and solar production) were created using 176 
ERCOT’s Long Term Load Forecast, and ERCOT’s wind and solar planning profiles applied to existing wind 177 
and solar generation resources and planned resources with signed interconnection agreements and 178 
financial commitments. The load and renewable profiles are of hourly resolution, so the DNV GL’s SFLEX 179 
tool was used to convert them into one-minute resolution profiles. 180 

Once the profiles with one minute resolution were obtained, net load (𝑵𝑵𝑳𝑳) was calculated as load minus 181 
wind production minus solar production. Next, the net load ramps were calculated using a 60-minute 182 
sliding window which accounts for intra-hour ramps. For example, the one-hour ramps were calculated 183 
as𝑵𝑵𝑳𝑳𝟔𝟔𝟐𝟐 −  𝑵𝑵𝑳𝑳𝟐𝟐,  𝑵𝑵𝑳𝑳𝟔𝟔𝟐𝟐 −  𝑵𝑵𝑳𝑳𝟐𝟐, and so on. Since critical operating conditions for Non-Dispatchable 184 

                                                      
8 Note in some areas an operator cannot order committed generation offline. In this case de-commitment should not be counted towards 
downward ramping capability.  
9 Installed capacity of wind generation in the studied scenario is over 21 GW, 16.5 GW is assumed to be available in the selected screening 
hour based on hourly wind profiles.  
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Resource Penetration Screens occurred in February at night, upward net load ramps in the night time 185 
hours of February and March10 are included in this analysis.  186 

Calculating the 98th percentile11  of upward net load ramps in the nighttime hours of February and March 187 
yielded the following: 188 

• A Maximum Net Load Increase 𝑴𝑴𝑵𝑵𝑳𝑳𝒖𝒖 = 4,847 MW over one hour  189 

• A Maximum Net Load Increase 𝑴𝑴𝑵𝑵𝑳𝑳𝒖𝒖 = 11,341 MW over three hours 190 
 191 
Adding the contingency reserve requirement𝑪𝑪𝑹𝑹 = 1,404 MW11F

12, yields 192 

• A one-hour flexible capacity need of 6,251 MW    193 

• A three-hour flexible capacity need of 12,745 MW  194 

 195 
To determine if the generation fleet could meet these flexible capacity needs, ERCOT used the results of a 196 
2019 production cost simulation that was prepared for the 2016 Long Term System Assessment (Current 197 
Trends scenario)13. For example, a night time February hour with minimum load was selected. During this 198 
hour, the online generators alone were capable of ramping up 3,365 MW in one hour, and 9,441 MW in 199 
three hours. Therefore, the online generators could not meet the worst-case ramps, 𝑴𝑴𝑵𝑵𝑳𝑳𝒖𝒖, while 200 
maintaining the contingency reserve. However, during the screening hour, every unit that can come 201 
online within 30 minutes was offline in the simulation. Those generators can provide an additional 3,601 202 
MW within 30 minutes. Including these units gives a one-hour ramping capability of 6,966 MW, which is 203 
715 MW greater than the 6,251 MW ramp plus contingency reserve. Including these units in the three-204 
hour timeframe gives a ramping capability of 13,042 MW, which is 297 MW greater than the 12,745 MW 205 
ramp requirement plus contingency reserve. While these seem like small remaining margins, there are 206 
more units in the fleet that can come online within one to three hours to help serve the one-hour and 207 
three-hour ramps. However, in this example ERCOT did not consider the capability of these additional 208 
units. 209 
  210 

                                                      
10 March is included to increase sample size, since similar wind conditions are typical for both months.  
11 98th percentile is taken as the “maximum” ramp to exclude data quality driven outliers 
12 Contingency Reserve here is assumed equal to ERCOT’s Responsive Reserve requirement expected to be served by generation in the 
nighttime hours of February based on 2017 Ancillary Service Requirements. Responsive Reserve is frequency containment reserve after large 
generator trip events and will normally not be used to address ramping issues.  
13 ERCOT Long Term System Assessment Report for 2016 is posted 
here:http://www.ercot.com/content/wcm/lists/89476/2016_Long_Term_System_Assessment_for_the_ERCOT_Region.pdf  

http://www.ercot.com/content/wcm/lists/89476/2016_Long_Term_System_Assessment_for_the_ERCOT_Region.pdf
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Table 1. Results of ERCOT Ramping Capability Screen Example for year 2019 

Attribute One-hour 
Timeframe 

Three-hour 
Timeframe 

98th percentile net load ramp (𝑴𝑴𝑵𝑵𝑳𝑳𝒖𝒖) 4,847 MW 11,341 MW 
98th percentile net load ramp + contingency reserve 
(𝑴𝑴𝑵𝑵𝑳𝑳𝒖𝒖 + 𝑪𝑪𝑹𝑹) 

6,251 MW 12,745 MW 

Online generator ramping capability 3,365 MW 9,441 MW 
Online generator ramping capability + 30-minute 
start capacity 

6,966 MW 13,042 MW 

 212 
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 5 
The Distributed Energy Resources Task Force (DERTF) of the Essential Reliability Services Working Group 6 

(ERSWG) previously produce a report on “Distributed Energy Resources – Connection Modeling and 7 

Reliability Considerations” (December 2016). The report emphasized the need to understand the data 8 

that should be collected and shared at the interface of the distribution and transmission systems to 9 

ensure reliable operation of the grid. Since issuing that report, the task force continued to evaluate the 10 

entities and roles that are involved and the information that may need to be collected and shared. This 11 

document presents the results of this evaluation and makes recommendations for ongoing activities. 12 

Background 13 

Distributed Energy Resources (DERs) are any resources on the distribution system that produce electricity 14 

and are not otherwise included in the formal NERC definition of the Bulk Electric System. Common DER 15 

installations are residential rooftop solar, commercial/industrial/community solar, utility scale projects on 16 

the distribution system, distributed wind, microgrids, and small cogeneration projects. DERs can be 17 

further categorized in various ways, such as their degree of being variable or dispatchable (both of which 18 

may include a range of widely differing operating characteristics), or as being utility-scale (U-DER), retail-19 

scale (R-DER) or residential-scale (which have different sizes, configurations and locations on the 20 

distribution grid).  21 

As the penetration increases and DERs become a significant energy resource, the interconnectedness of 22 

the grid necessitates adequate knowledge of these resources to maintain the reliable operation of the 23 

Bulk Power System (BPS). Historically, many distribution load forecasts have netted DER production with 24 

feeder loads without accounting for DERs separately, and this was reasonable given their minor impact to 25 

the BPS. However, significant DER levels in some areas, and projections for significant DER growth in 26 

many others, now necessitates an improved understanding and sharing of information about DERs for the 27 

planning and operation of the BPS. 28 

Roles and entities1 that are affected by DERs include: 29 

• Balancing Authorities (NERC Glossary Term) 30 

• Distribution Providers (NERC Glossary Term) 31 

                                                             

1 Entities that are defined in the NERC Glossary of Terms are generally capitalized in this document. See 
http://www.nerc.com/pa/Stand/Glossary%20of%20Terms/Glossary_of_Terms.pdf 
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 Distribution operators (General Industry Term) 32 

 Distribution system protection engineers (General Industry Term) 33 

 Distribution planners (General Industry Term) 34 

• Transmission Operators (NERC Glossary Term) 35 

• Transmission Planners and Planning Coordinators (NERC Glossary Terms) 36 
 37 

Each of these roles and entities will require appropriate DER information to reliably perform their 38 

particular functions in the BPS. The transfer of this data and information may be bidirectional. For 39 

example, while certain information may be provided by Distribution Providers to those responsible for the 40 

BPS, other information, and guidance may be provided by the entities responsible for the BPS to 41 

Distribution Providers. It is noted that many Distribution Providers are not NERC-registered entities, as 42 

they do not meet the registration requirements. A non-registered entity is not subject to NERC Reliability 43 

Standards, and this report is not proposing changes to registration requirements or Standards, but rather 44 

that a cooperative exchange of information will be prudent and beneficial to all parties. 45 

Particular attention must be given to the transmission-distribution (T-D) interface. Whereas traditionally, 46 

power flow has been from the transmission to the distribution systems, with the deployment of DERs on 47 

the distribution system, it is possible for active power to flow from the distribution system to the 48 

transmission system under certain conditions. This shift in the active power flow direction and level due 49 

to the operation of the DERs is critical to the listed entities. 50 

This technical brief describes a non-comprehensive set of data that may be useful for each group to 51 

obtain. However, there may not be a need for all data to be collected immediately, as the need may be 52 

based on the type, amount, or operational nature of connected DERs. Each group will need to evaluate 53 

their needs, and in coordination with other entities, clearly define and obtain the necessary information 54 

in order to accurately model and reliably operate the BPS.  55 

Balancing Authorities 56 

A Balancing Authority (BA) is responsible for real-time load and generation balance, frequency control, 57 

maintaining adequate Operating Reserve (including Contingency Reserve), and responding to sudden 58 

losses of generation. If not monitored by the BA as a generation resource, DER production modifies the 59 

load as seen by the BA. Generally, as DER production increases, BA load decreases. Adequate knowledge 60 

of DER output and operating characteristics is required to adequately forecast BA load and operating and 61 

contingency reserve levels.  62 

For example, during the summer or in warm weather climates, distribution load generally increases 63 

through the day, peaking late in the afternoon, and then decreases as the sun sets. However, generation 64 

from solar DERs will generally increase through the morning as the sun rises (lagging behind the morning 65 

peak) and decrease later in the afternoon as the sun sets. This results in the BA adding generation 66 

resources to match rising load in the early morning, reducing or removing resources during the afternoon 67 
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as DER solar power is generated, and then adding resources again in the late afternoon and evening as 68 

the solar DER generation decreases while distribution load remains high. This may create situations where 69 

the BA must follow a faster BA apparent load increase in the evening than they would have otherwise 70 

observed. There may be seasonal variations in these patterns, such as BAs that see lower midday 71 

customer load during the winter while also having a strong solar resource during that time of year. 72 

DER patterns may also be altered due to evolving tariffs or the aggregated uses of DERs, such as by the 73 

self-dispatched use of DERs to reduce demand charges, respond to price signals, or provide various grid 74 

services with aggregated DER resources. In some cases, aggregators of DER resources may be able to 75 

assume some of the information reporting responsibility. 76 

BA operations can be enhanced with: 77 

• Accurate distribution load forecasts on an hourly (or shorter) basis at each load bus 78 

• Accurate DER forecasts on an hourly (or shorter) basis at each load bus 79 

• Accurate net load forecasts on an hourly (or shorter) basis at each load bus 80 

• DER sensitivity to changing weather (cloud cover, irradiance, etc.) 81 

• DER aggregation on both a substation or wider area basis 82 

• DER active power capability on both a substation and aggregated basis 83 

• DER resource ramp rates in watts per minute (both ramp down and ramp up) 84 
 85 

Distribution Operators 86 

Distribution operators are engaged in a wide range of activities. These vary by operating utility, local 87 

regulations, operating voltage (generally less than 100kV), and organizational structure. In general, 88 

distribution operations refer to: 89 

• Voltage regulation – tap changing regulators, switched capacitors, and fixed capacitors 90 

• System protection – feeder breaker, mid-line recloser, and fuse coordination 91 

• Switching practices including prearranged and emergency switching, energized work permits (or 92 
hot line tags) and clearance 93 

• Load transfers between feeders and substations 94 

• Fault Location, Isolation, and Service Restoration (FLISR) schemes – includes automatic 95 
sectionalizing, restoration and feeder reconfiguration 96 

• Customer owned generation used as backup or operated in parallel 97 
 98 

Distribution systems are traditionally designed to be operated as load connected to a source, where 99 

power flows from the transmission-distribution transformer to the connected load. Traditionally, there 100 

are few, if any, provisions for power to flow from the distribution-connected load to the transmission-101 
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distribution transformer. Voltage regulators are configured to operate based on unidirectional power flow 102 

while maintaining adequate voltage for all loads under all load conditions. Capacitors (switched and fixed) 103 

are placed on the feeder to correct system power factor and support the voltage as necessary for the 104 

unidirectional power flow to customer loads. Distribution customer service voltage levels must be 105 

maintained within the defined tolerances.2 106 

The output of DERs affects net loading on a distribution feeder, which consequently affects the voltage 107 

control scheme for the feeder. With sufficient DER generation on the feeder, power may flow from the 108 

feeder to the transmission-distribution transformer. Many distribution systems are not configured for this 109 

type of operation, which may require significant equipment, hardware, and software changes to 110 

accommodate bidirectional power flow. Therefore, knowledge of the DER resources and their operating 111 

characteristics (e.g., passive or active voltage and frequency control, island capability, etc.) is essential to 112 

the safe and reliable operation of the distribution system. 113 

Distribution operations can be enhanced with: 114 

• Accurate location, capacity, type, and capabilities of DER 115 

• Accurate DER production forecasts on an hourly basis 116 

• DER sensitivity to changing weather (cloud cover, irradiance, etc.) 117 

• DER excitation control mode (i.e. fixed power factor, fixed reactive power, Volt-Var, Volt-Watt, 118 
frequency-watt, etc.) and related settings 119 

• DER response to abnormal voltage and frequency 120 

• DER capability to be a fault current source 121 

• DER isolation schemes 122 

• DER capability to sustain an island 123 
 124 

Distribution System Protection Engineers 125 

Distribution system protection equipment and schemes are relied upon to clear abnormal conditions, 126 

such as short circuits (faults) and open phases. This is essential for public safety and to protect the 127 

distribution equipment and connected loads from abnormal conditions. Protection systems are designed 128 

to remove the faulted component from the feeder while maintaining service to the remainder of the 129 

feeder. Feeder protective devices consist of feeder breakers, fuses, and mid-line reclosers. The 130 

transmission-distribution transformer can be protected by circuit switchers, circuit breakers, or high side 131 

fuses. Distribution systems are normally operated radially from the transmission-distribution transformer 132 

                                                             

2 These voltage tolerances are defined in the Institute of Electrical and Electronics Engineers (IEEE)/American National Standards Institute 
(ANSI) C84.1 Standard, and are typically +/- five percent. 
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to the connected load, or stated differently, operated with the assumption of having a single transmission 133 

source serving distribution load. 134 

From a system protection perspective, significant DER penetrations can alter the assumptions under 135 

which protection systems were designed and affect current and future protection schemes, therefore the 136 

following information may be needed: 137 

• Accurate location, capacity, type, and capabilities of DER 138 

• DER response to abnormal voltage and frequency (inverter control modes) 139 

• DER capability to be a fault current source (such as maximum current) including short circuit 140 
modeling data 141 

• DER capability of islanding 142 

• DER reconnection requirements – island or individually 143 
 144 

Distribution Planners 145 

Distribution planners are tasked with planning a distribution system that can be operated safely and 146 

reliably. Distribution planners assist in the creation of protection schemes. This information will help to 147 

ensure that the appropriate equipment and protection schemes are installed. The data requirements for 148 

this group are similar to those of the distribution operators. 149 

For distribution planner functions, the following information may be needed: 150 

• Accurate location, capacity, type, configuration and capabilities of DER 151 

• Accurate DER production forecasts on an hourly basis 152 

• DER response to abnormal voltage and frequency 153 

• DER capability to be a fault current source 154 
 155 

Transmission Operators 156 

Transmission Operators are responsible for real-time situational awareness of the transmission system 157 

and responses to contingencies. Offline power flow studies are used for seasonal analysis, outage 158 

coordination, and next-day analysis. DERs have a direct effect on loading of the BPS. Transmission system 159 

load is often measured at the transmission-distribution transformer where distribution load may be offset 160 

by DER generation. This affects many aspects of transmission operations because:  161 

• Transmission voltage and power flow vary by system loading, 162 

• Voltage control varies with the transmission system loading, and 163 

• Post-contingency conditions are affected by system loading. 164 
For Transmission Operators, the following information may be needed: 165 

• Accurate distribution load forecasts on an hourly basis at each load bus 166 
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• Accurate DER forecasts on an hourly basis at each load bus 167 

• Accurate net load forecasts on an hourly basis at each load bus 168 

• DER sensitivity to changing weather (cloud cover) 169 

• Aggregate nameplate capacity of DER forecasted at each load bus for each year during the 170 
operational planning horizon 171 

• Potential real-time changes in DER production due to weather, time of day, etc. 172 

• Voltage and frequency ride through capabilities of DER (IEEE 1547 abnormal performance 173 
categories assignment) 174 

• Category III DER momentary cessation voltage threshold 175 

• Voltage control capabilities (IEEE 1547 abnormal performance categories assignment) 176 

• Frequency control capabilities and settings 177 

• Automatic restoration capability and settings 178 
 179 

Transmission Planners and Planning Coordinators 180 

Transmission Planners and Planning Coordinators are responsible for planning a BPS that can be operated 181 

reliably and safely. They utilize very detailed models of the BPS system, which includes the aggregate load 182 

components of the distribution system. System planning models explicitly model individual network 183 

components such as transmission lines, transformers, capacitors, reactors, generators, and loads. 184 

Accuracy of these models is necessary to plan a functioning power system. Model data is validated in 185 

many ways including equipment testing and comparison of model performance against actual system 186 

events. The system planning model is also used for system operations offline power flow analysis and 187 

components of the planning models may be used in state estimation systems and real-time contingency 188 

analysis. The need for accurate data is essential. 189 

Since DERs are on the distribution system, masking of the impacts of DERs may occur if the distribution 190 

load and DER are netted to calculate or measure a net distribution load. However, netting DER will not 191 

capture response to off nominal frequency and voltages that can occur on the BPS. Large changes in net 192 

system load will directly affect BPS performance under pre-contingency, post-contingency, and transient 193 

response to disturbances.  194 

For Transmission Planners and Planning Coordinators, the following information may be needed: 195 

• Accurate hourly distribution load forecasts at each load bus 196 

• Accurate hourly DER forecasts at each load bus 197 

• Accurate hourly net load forecasts at each load bus 198 

• DER sensitivity to changing weather (cloud cover) 199 

• DER aggregation on both a substation or wider area basis 200 
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• Potential real-time changes in DER production due to weather, time of day, etc. 201 

• Voltage and frequency ride through capabilities of DER (IEEE 1547 abnormal performance 202 
categories assignment) 203 

• Category III DER momentary cessation voltage threshold 204 

• Voltage control capabilities (IEEE 1547 abnormal performance categories assignment) 205 

• Frequency control capabilities and settings 206 

• Automatic restoration capability and settings 207 
 208 

Future DER - Recommendation 209 

While other work of the ERSWG is being completed and transferring to the appropriate subcommittees 210 
for ongoing assessments, deployment and analysis of DERs is still evolving. Additional deployment of DERs 211 
will broadly affect a wide range of assessments, planning and operating practices at both the BPS and 212 
distribution level.  213 

The ERSWG recommends that NERC maintain an ongoing DER coordinating group, working with the 214 
Operating Committee and Planning Committee, to provide broad assistance with DERs and their 215 
interactions with BPS reliability and other NERC activities. Given the emerging nature of DERs and the 216 
wide range of potential impacts, a defined group will serve as a common point of contact and 217 
coordination for future work and assist with consistency in message and language. 218 

 219 

Summary and Conclusion 220 

Adequate information about Distributed Energy Resources (DERs) becomes necessary to maintain the 221 

reliable operation of the BPS as penetration increases and DERs become a significant energy resource. 222 

Traditionally, distribution load forecasts have netted DERs with feeder loads, and this was reasonable 223 

given their minor impact at the transmission-distribution interface. However, with the current and future 224 

level of DERs in some areas, it becomes necessary to consider the information that may need to be 225 

collected and shared. 226 

Many groups can be affected by DERs, including Balancing Authorities, Distribution Providers (distribution 227 

operators, distribution planners, and distribution system protection engineers), Transmission Operators, 228 

Transmission Planners, and Planning Coordinators. Each will need varying levels of detail, depending on 229 

the characteristics of their systems and the level of DER deployment. Particular attention is needed 230 

regarding the affects at the transmission-distribution interface. With improved data exchange and 231 

collaboration, it will be possible to maintain and improve the planning and reliable operation of both 232 

distribution systems and the bulk power system. 233 

 234 



Agenda Item 5.a 
Planning Committee 
March 7, 2018 

 
Plan for Addressing Reliability Standard and Guideline Recommendations from 

Recent Reliability Assessments 
 
 
Action 
Information 
 
Background 
Two reliability assessments published in 2017 recommended industry and NERC consider 
potential Reliability Standard improvements and/or Reliability Guideline development. The 
recommendations made in each assessment are provided below: 

1. Special Reliability Assessment: Potential Bulk Power System Impacts Due to Severe 
Disruptions on the Natural Gas System:1 NERC, with industry’s support, should enhance 
its Reliability Guidelines and/or Standards as necessary to include additional planning 
and operating requirements for analyzing disruptions to the natural gas infrastructure 
and their impacts on the reliable operation of the bulk power system (BPS). The 
standards should include developing and deploying mitigation plans to address 
reliability risks caused by outages of significant natural gas infrastructure.  

2. 2017 Long-Term Reliability Assessment (LTRA):2 NERC should conduct a comprehensive 
evaluation of its Reliability Standards to ensure compatibility with nonsynchronous and 
distributed energy resources as well as for completeness related to essential reliability 
services, generator performance, system protection, and control, and balancing 
functions.  

 
Next Steps 
The recommendations made in each assessment and in the most recent ERO Reliability Risk 
Priorities report capture high priority emerging risks to the BPS due to the changing resource 
mix. NERC has identified some existing activities and needed initiatives to address these 
recommendations. It is expected that each recommendation will have separate initiatives since 
they require different technical expertise. 

1. Recommendation from Natural Gas Disruption Assessment: NERC will need the 
support of the Planning Committee (PC) to evaluate and identify potential 
enhancements to the existing transmission planning Reliability Standard (e.g., TPL-001-
4) or a Reliability Guideline. Additional clarity for Transmission Planners and Planning 
Coordinators may be needed to ensure extreme events, (e.g., natural gas pipeline, 
storage or supply disruptions) are considered in planning and support mitigation and 
recovery actions.  

Action: The PC formed an advisory group to develop an action plan and coordinate PC 
efforts. The advisory group will review the BPS reliability risks associated with severe 
disruptions on the natural gas system, make recommendations on Reliability Standard 
enhancements if needed, and identify the need and scope for a Reliability Guideline. An 

                                                      
1 http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_SPOD_11142017_Final.pdf  
2 http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_LTRA_12132017_Final.pdf  

http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_SPOD_11142017_Final.pdf
http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_LTRA_12132017_Final.pdf


action plan will be presented at the next Members Representative Committee meeting 
for policy input. 

2. Recommendation from 2017 LTRA: There are significant activities in progress to address 
this recommendation. The current activities include:  

a. Distributed Energy Resources: The Distributed Energy Resources Task Force report3 
identified the need for a revision to the MOD-032 Reliability Standard to ensure 
applicability of Distribution Providers and their obligation to share any pertinent data 
related to distributed resources with Transmission Planners and Planning Coordinators.4 

b. Inverter-Based Resources: The Inverter-Based Resources Task Force5 was established in 
the second half of 2017 to explore the performance characteristics of utility-scale 
inverter-based resources (e.g., solar photovoltaic and wind power resources) directly 
connected to the BPS. Recommended performance characteristics will be developed 
along with other recommendations related to inverter-based resource performance, 
analysis, and modeling. The technical materials will support Generator Owners with 
inverter-based resources and equipment manufacturers by 1) providing recommended 
performance characteristics, 2) improving dynamic modeling capability and practices, 
and 3) ensuring reliability through detailed system studies.  

c. Frequency Control and Balancing: Under the direction of the Operating Committee, the 
Resources Subcommittee is actively addressing potential changes to the BAL-003 
Reliability Standard to ensure sufficient generator and system performance during 
frequency excursions. A Standard Authorization Request (SAR) is in place and a project is 
identified within the Reliability Standards Development Plan for 2018-20206. 

d. Reactive Power Requirements for Nonsynchronous Generation: The 2017 LTRA 
identified a potential trend of increasing amounts of reactive power being supplied by 
nonsynchronous resources (e.g., inverter-based generating resources, and transmission-
connected dynamic reactive power electronic devices such as static VAR compensators 
(SVCs) or static synchronous compensators (STATCOMs)). While all these technologies 
can supply dynamic reactive power support, NERC Reliability Standards should be 
assessed to ensure the standards are comprehensive and actively account for advanced 
technologies that supply reactive power. Performance specifications and coordination 
of these devices may be needed as they are replacing reactive power support from the 
conventional synchronous resources and classical reactive power sources (e.g. fixed and 
switched shunts).  Inventory, projections, and performance data are needed to evaluate 
the risk. In 2018, the Planning Committee will include the following work tasks:  

i. The Reliability Assessment Subcommittee is tasked with collecting forward 
projections of these reactive resources to forecast future penetrations and reliability 
risk. 

ii. The System Analysis and Modeling Subcommittee is tasked with assessing the 
applicability of transmission-connected reactive power resources to relevant 
Reliability Standards (e.g. PRC-024-2 and MOD-025-2), and address any potential 
reliability gaps. 

 

                                                      
3 http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Distributed_Energy_Resources_Report.pdf  
4 This is being addressed with Project 2017-07 Standards Alignment with Registration, which reassigns LSE responsibility to DP. 
5 http://www.nerc.com/comm/PC/Pages/Inverter-Based-Resource-Performance-Task-Force.aspx  
6 http://www.nerc.com/pa/Stand/Standards%20Development%20Plan%20Library/2018-

2020_RSDP_For_Board_Adoption_10192017.pdf  

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/Distributed_Energy_Resources_Report.pdf
http://www.nerc.com/comm/PC/Pages/Inverter-Based-Resource-Performance-Task-Force.aspx
http://www.nerc.com/pa/Stand/Standards%20Development%20Plan%20Library/2018-2020_RSDP_For_Board_Adoption_10192017.pdf
http://www.nerc.com/pa/Stand/Standards%20Development%20Plan%20Library/2018-2020_RSDP_For_Board_Adoption_10192017.pdf


Action: The Standing Committee Coordinating Group will support the review the plans, 
monitor the progress and direct additional activities of these technical committees. A 
detailed plan of action will presented at the next Members Representative Committee 
meeting for policy input. 



Agenda Item 5.b 
Planning Committee 
March 7, 2018 

 
Review of RISC’s ERO Reliability Risk Priorities Report 

 
 
Action 
Discussion 
 
Background 
On February 8, 2018, the NERC Board accepted the 2018 ERO Reliability Risk Priorities Report 
(RISC Report). The RISC Report reflects the RISC’s determination of the most pressing risks to 
the BPS taking into account input from stakeholders, particularly from discussions held during 
the Reliability Leadership Summit on March 21, 2017. 
 
The RISC Report includes nine risk profiles, and each is mapped against the likelihood and 
impact further described in the RISC report. This mapping represents the unmitigated or 
inherent risks of each risk profile as determined by the RISC. Regardless of the categorization, 
all risk profiles warrant attention as the rapidly changing BPS can quickly raise the risk. Each risk 
profile includes a description of the risk and recommendations for mitigation. 
 
The RISC Report is used by the Planning Committee (PC) and other industry stakeholders as 
input to strategic planning processes. PC leadership is reviewing the report recommendations 
and identifying PC objectives and activities that should be considered by the PC for inclusion in 
the PC Strategic Plan and other guiding documents.  
 
Click here to download the RISC Report 
 
Summary 
Leave Blank for meeting participant notes 

http://www.nerc.com/comm/RISC/Related%20Files%20DL/ERO-Reliability-_Risk_Priorities-Report_Board_Accepted_February_2018.pdf


Agenda Item 5.c 
Planning Committee 
March 7, 2018 

 
Resilience Framework 

 
 
Action 
Discussion 
 
Background 
During the Member Representatives Committee’s February 2018 meeting, Peter Brandien, RISC 
Chair, presented the following framework proposed by the RISC regarding BPS resilience: 

1. Develop a common understanding and definition of the key elements of BPS resilience; 

2. Understand how these key elements of BPS resilience fit into the existing ERO 
framework; and 

3. Evaluate whether there is a need to undertake additional steps within the ERO 
framework to address these key elements of BPS resilience beyond what is already in 
place and underway in connection with ongoing ERO Enterprise operations, including 
work being undertaken by each of the NERC standing committees. 

 
The RISC suggested the National Infrastructure Advisory Council’s (NIAC’s) Framework for 
Establishing Critical Infrastructure Goals1 is a credible source for further understanding and 
defining resilience. The NIAC framework includes four outcome-focused abilities: 

1. Robustness – the ability to absorb shocks and continue operating;  

2. Resourcefulness – the ability to skillfully manage a crisis as it unfolds;  

3. Rapid Recovery – the ability to get services back as quickly as possible; and  

4. Adaptability – the ability to incorporate lessons learned from past events to improve 
resilience.  

 
The RISC highlighted ERO Enterprise activities within these four areas, as shown in the table 
below. The NERC Board of Trustees (Board) requested that the RISC move forward with the 
resilience framework, with the next step being to request input from the standing committees 
on respective activities addressing resilience. Specifically, the RISC is requesting the following 
input on or before March 28, 2018, using the table below as a reference: 

1. The committee’s views on how bulk power system (BPS) resilience is currently being 
addressed within the scope of the committee’s responsibilities; and 

2. Any additional activities the committee believes should be undertaken. 
 
 
 
 

                                                      
1 See Exhibit 2.1 of the National Infrastructure Advisory Councils’ (NIAC’s) Final Report and Recommendations, “A Framework 

for Establishing Critical Infrastructure Resilience Goals,” (October 19, 2010). 



The RISC will then review and summarize this information, together with any additional views 
and recommendations it may have, for discussion at the May 2018 MRC meeting. 
 

NIAC Resilience Constructs Key  Programs and 
Activities 

Specific Efforts\Tools 

Robustness—The ability to continue 
operations in the face of disaster. In some 
cases, it translates into designing structures 
or systems to be strong enough to take a 
foreseeable punch. In others, robustness 
requires devising substitute or redundant 
systems that can be brought to bear should 
something important break or stop working. 
Robustness also entails investing in and 
maintaining elements of critical infrastructure 
so that they can withstand low probability 
but high consequence events. 

• Reliability and Emerging 
Risk Assessments 

• Risk, Event and 
Performance 
Monitoring 

• Technical Committee 
work, including special 
projects 

• Mandatory Reliability 
Standards 

• Reliability Guidelines 
Operator Certification 
and Training 

• E-ISAC information 
sharing programs 
 

• Alerts 
• State of Reliability Report 

o GADS 
o TADS 
o DADS 
o Protection system 

misoperations 
o TEAMS 
o FR Performance 

• Long-Term Reliability 
Assessment 

• Key Reliability Standards: 
o TPL (Extreme) 
o EOP 
o Blackstart Restoration 

• GridEx 
• Security conferences and 

information sharing (e.g. 
GridSecCon) 

Resourcefulness—The ability to skillfully 
manage a disaster as it unfolds. It includes 
identifying options, prioritizing what should 
be done both to control damage and to begin 
mitigating it, and communicating decisions to 
the people who will implement them. 
Resourcefulness depends primarily on 
people, not technology. 

• Situational Awareness 
and Industry 
Coordination 

• Government 
Coordination 

• Cross-Sector 
Information Sharing 

• Mandatory Reliability 
Standards/Functional 
Model 

• BPSA information sharing tools 
and processes 

• E-ISAC information sharing 
tools and processes 

• Formation of a Crisis Action 
Team to support industry and 
governmental coordination 

• Standards requirements 
o Reliability Coordinators 
o Transmission Operators 

Rapid recovery—The capacity to get things 
back to normal as quickly as possible after a 
disaster. Carefully drafted contingency plans, 
competent emergency operations, and the 
means to get the right people and resources 
to the right places are crucial. 

• Situational Awareness, 
Industry Coordination 

• Government 
Coordination 

• Cross-Sector 
Information Sharing  

• Support for Electric Sector 
Coordinating Council activities 
 

Adaptability—The means to absorb new 
lessons that can be drawn from a 
catastrophe. It involves revising plans, 
modifying procedures, and introducing new 
tools and technologies needed to improve 
robustness, resourcefulness, and recovery 
capabilities before the next crisis. 

• Reliability Assessment 
• Event Analysis  
• Event Forensics  
 

• Technical Committee 
Recommendations 

• Reliability Guidelines 
• Lessons Learned 
• Event Analysis, Investigations 
• Audit Recommendations 
• Reliability Assessments 
• State of Reliability Report 
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Action 
Discussion 
 
Background 
The Planning Committee (PC) work plan assigned the NERC Probabilistic Assessment Working 
Group (PAWG) with the task of reporting on industry on use of probabilistic studies and 
developing recommendations for application in assessing emerging reliability risks. The 
attached draft report is based on results of a NERC industry survey and information gathered 
from NERC Regions and Assessment Areas.  
 
Key findings in the report include: 

• There are variations in how a reliability criterion is defined and interpreted in existing 
practices in the assessment areas across the U.S. and Canada; 

• The majority of entities in North America conducting resource adequacy studies 
primarily use Loss of Load Expectation (LOLE) metric to establish a single resource 
adequacy criterion. In turn, the LOLE RRM generally helps inform integrated resource 
planning, market-based resource procurement, generator interconnection queue 
projects, and other planning activities; 

• About one third of survey respondents use the Expected Unserved Energy (EUE) metric 
for assessing reliability. EUE provides insight to the impact of energy limited resources 
on a system’s reliability, particularly in systems with growing penetration of such 
resources; 

• The choice of probabilistic methods and selection of acceptable adequacy levels are still 
matters of judgment and differ from Region to Region and from assessment area to 
assessment area and even utility to utility in some cases; 

• Most Assessment Areas are already using or are considering probabilistic approaches to 
assess emerging reliability issues; 

• There is a recognized need to support probability-based resource adequacy assessment 
resulting from the changing resource mix with significant increases in variable and 
energy-limited resources (intermittent in nature), changes in net demand profiles 
resulting in the shifting of the hour of the peak demand, and other factors can have an 
effect on resource adequacy; 

 
The report recommends: 

• Entities may leverage other metrics and factors in their criteria development to 
determine a sufficient reserve margin to maintain an adequate level of system 
reliability, especially for systems with a diverse generation mix and variable energy 
resources; 

• NERC should continue to incorporate more probabilistic approaches into its 
assessments, and continue to review and provide guidance on the development of 
probabilistic methods for ensuring resource adequacy and reliability; 



• NERC should continue conducting periodic reviews of risk metrics and criteria used to 
assure they are clear and properly structured for existing and emerging risks; 

• As entities and system planners identify emerging reliability issues or large changes on 
their system (e.g. change in size, resource mix, etc.), they should evaluate whether the 
incorporation of additional RRMs could improve their assessment of risks to reliability. 

 
The Reliability Assessment Subcommittee (RAS) reviewed the draft report at their February in-
person meeting. PAWG made subsequent revisions, and the RAS is reviewing the revised report 
through March 2, 2018. Once finalized with RAS, the report will be provided to the PC for 
review and approval vote. 
 
Summary 
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Preface  

 
The North American Electric Reliability Corporation (NERC) is a not-for-profit international regulatory authority whose 
mission is to assure the reliability and security of the bulk power system (BPS) in North America. NERC develops and 
enforces Reliability Standards; annually assesses seasonal and long‐term reliability; monitors the BPS through system 
awareness; and educates, trains, and certifies industry personnel. NERC’s area of responsibility spans the continental 
United States, Canada, and the northern portion of Baja California, Mexico. NERC is the Electric Reliability 
Organization (ERO) for North America, subject to oversight by the Federal Energy Regulatory Commission (FERC) and 
governmental authorities in Canada. NERC’s jurisdiction includes users, owners, and operators of the BPS, which 
serves more than 334 million people.  
 
The North American BPS is divided into eight Regional Entity (RE) boundaries as shown in the map and corresponding 
table below. 

 
The North American BPS is divided into eight RE boundaries. The highlighted areas denote overlap as some load-serving entities 
participate in one Region while associated transmission owners/operators participate in another. 
 

FRCC Florida Reliability Coordinating Council 

MRO Midwest Reliability Organization 

NPCC Northeast Power Coordinating Council 

RF ReliabilityFirst 

SERC SERC Reliability Corporation 

SPP RE Southwest Power Pool Regional Entity 

Texas RE Texas Reliability Entity 

WECC Western Electricity Coordinating Council 
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Executive Summary 

 
NERC assesses current and future adequacy and operational reliability of the North American Bulk Power System 
(BPS) through seasonal, long-term and short-term special assessments. These assessments inform policy makers 
and regulators of the emerging issues and potential concerns by identifying notable trends impacting the BPS in 
the United States, Canada, and the portion of Baja California Norte, Mexico. 
 
The electric power industry is undergoing significant and rapid change. As a result, several emerging key issues 
have been identified as having the potential to increase risks to reliability. These issues include resource adequacy 
deficiencies, changes in the resource mix leading to single-fuel dependency, nuclear and coal power plant 
availability uncertainty, inability to provide Essential Reliability Services, management of Distributed Energy 
Resources, predicting the performance of Variable Energy Resources, fuel supply security, and transmission aging 
and extended transmission outages. Over the years, NERC has devoted a great deal of efforts in assessing the 
reliability of North American BPS for example the Long Term Reliability Assessment (LTRA) and Seasonal 
Assessments. These assessments have largely relied on a traditional deterministic reserve margin measurement 
to assess risks to reliability.  NERC recognizes that these emerging issues are highly variable and uncertain and 
they can have an effect on the traditional resource adequacy assessments.  NERC is considering the value of 
implementing more probabilistic approaches to measuring the BPS resource and transmission adequacy and 
evaluating whether probabilistic approaches should be used permanently in resource adequacy/reliability 
assessments. 
 
The NERC Probabilistic Assessment Working Group (PAWG) was assigned the task to review the use of probabilistic 
studies in assessing these emerging reliability risks and producing this report.  This report represents the effort 
done by NERC, the Planning Committee (PC), the Reliability Assessment Subcommittee (RAS), and the PAWG in 
supporting this needed review.   
 

Objectives 
 
The objectives of this report are: 

 Develop a collective understanding of existing applications of probabilistic techniques used for reliability 
assessments and planning studies.  

 Identify what emerging reliability issues could be addressed with probabilistic studies that can be 
conducted to provide additional insights. 

 Review existing Reliability Risk Metrics (RRMs) and provide a common understanding of their definitions 
and use and recommendations for future enhancements and applications. 

 Identify commonalities to inform industry on the applications of probabilistic reliability metrics. 

 Provide guidance on the development of probabilistic methods for ensuring resource adequacy and 
reliability to allow better risk-informed decisions for planners and policy makers in the face of increasing 
uncertainty of supply and demands, on the bulk power system. 

 
The foundation of the report is based on results from a NERC survey on probabilistic studies, as well as data and 
information gathered by NERC from Regions and Assessment Areas. 
 

Survey Objectives: 
 Review the ongoing probabilistic analyses and future plans for further insights into resource adequacy 

assessment. 

 Understand the choice of probabilistic methods, tools, and selection of acceptable reliability levels used 

by NERC regions and the industry at large to assess resource and transmission adequacy. 
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 Show the need to expand probabilistic studies to help assess emerging reliability issues that have an 

impact on BPS reliability. 

 Explore probabilistic approaches used that provide further insights into how to best establish adequate 

reserve margins amidst a BPS undergoing unprecedented changes.  

 Identify how members of industry define, and apply Reliability Risk Metrics (RRMs). 

 Explore applications of commonly used RRMs and how each RRM can measure different aspects of a 

system’s reliability, such as frequency, duration and magnitude of loss of load, depending on how the 

metric is defined and applied. 

 Provide recommendations on the application of commonly used RRMs in assessing system adequacy.  

 

Key Findings  
 There are variations in how a reliability criterion is defined and interpreted in existing practices in the 

assessment areas across the U.S. and Canada. 

 The majority of entities in North America conducting resource adequacy studies primarily use Loss of Load 
Expectation (LOLE) metric to establish a single resource adequacy on criterion. In turn, the LOLE RRM 
generally helps inform integrated resource planning, market-based resource procurement, generator 
interconnection queue projects, and other planning activities. 

 About one third of survey respondents use the Expected Unserved Energy (EUE) metric for assessing 
reliability.  EUE provides insight to the impact of energy limited resources on a system’s reliability, 
particularly in systems with growing penetration of such resources. Examples of such energy limited 
resources include: 
o Demand Response programs, which can be modeled as resources with specific contract limits 

including hours per year, days per week, and hours per day constraints, 
o Energy Efficiency programs, which can be modeled as reductions to load, with an hourly load shape 

impact 
o Distributed Energy Resources (DERs), such as behind the meter solar PV, which can be modeled as 

reductions to load, with an hourly load shape impact 

 The choice of probabilistic methods and selection of acceptable adequacy levels are still matters of 
judgment and differ from Region to Region and from assessment area to assessment area and even utility 
to utility in some cases. 

 Most Assessment Areas are already using or are considering probabilistic approaches to assess emerging 
reliability issues. 

 There is a recognized need to support probability-based resource adequacy assessment resulting from 
the changing resource mix with significant increases in variable and energy-limited resources (intermittent 
in nature), changes in net demand profiles resulting in the shifting of the hour of the peak demand, and 
other factors can have an effect on resource adequacy. 

 A number of issues based on industry survey results are out of the PAWG scope of work and therefore, 
are not discussed in this report. These issues are: 1) operational concerns such as unit commitment, over-
generation and dispatch issues, 2) Essential Reliability Services issues such as VER’s capacity credit 
evaluation, ramping, flexibility, and regulations and 3) potential resource upgrades. 

 
General Recommendations 
The Reliability Assessment Subcommittee (RAS) agrees with the PAWG recommending the following:  

 Entities may leverage other metrics and factors in their criteria development to determine a sufficient 
reserve margin to maintain an adequate level of system reliability, especially for systems with a diverse 
generation mix and variable energy resources. 
 



Executive Summary 

 

NERC | Probabilistic Adequacy and Measures Report | February, 2018 
7 

 NERC should continue to incorporate more probabilistic approaches into its assessments, and continue to 
review and provide guidance on the development of probabilistic methods for ensuring resource 
adequacy and reliability. 

 NERC should continue conducting periodic reviews on RRMs and criteria used to assure they are clear and 
properly structured for existing and emerging risks. 

 As entities and system planners identify emerging reliability issues or large changes on their system (e.g. 
change in size, resource mix, etc.), they should evaluate whether the incorporation of additional RRMs 
could improve their assessment of risks to reliability. 
 

Detailed Recommendations on Reliability Risk Metrics (RRMs) 
The Reliability Assessment Subcommittee (RAS) agrees with the PAWG recommending the following:  

Loss of Load Hours (LOLH) 

PAWG recommends the use of LOLH RRM using all hours, rather than just peak periods for both small and large 
systems. It can be evaluated over seasonal, monthly or weekly study horizons. LOLH does not inform of the 
magnitude or the frequency of loss of load events, but it is used as a measure of their combined duration. LOLH is 
applicable to both small and large systems and is relevant for assessments covering all hours (compared to only 
the peak demand hour of each season). LOLH provides insight to the impact of energy limited resources on a 
system’s reliability, particularly in systems with growing penetration of such resources. Examples of such energy 
limited resources include: 

 Demand Response programs, which can be modeled as resources with specific contract limits including hours 
per year, days per week, and hours per day constraints, 

 Energy Efficiency programs, which can be modeled as reductions to load, with an hourly load shape impact 

 Distributed resources, such as behind the meter PV, which can be modeled as reductions to load, with an 
hourly load shape impact 

Loss of Load Expected Events (LOLEV)  
PAWG recommends LOLEV to be used alongside other metrics specified in this report when evaluating capacity 
planning decisions, more for systems where planners are concerned about the potential for multiple loss of load 
events in a single day.   
Loss of Load Expectation (LOLE) 
For LOLE RRM, PAWG recommends: 

 Entities evaluate all hours of a given time period when calculating LOLE, especially considering the impact 
a changing resource mix (particulary DERs and VERs) is having on the daily load distributions of many 
areas across the BPS.  

 Entities to report the time period and hours associated with their LOLE calculation and the reasoning 
behind their approach as for instance, the LOLE evaluated on just the daily peak hours will always be 
equal to or less than an LOLE based on all hours. 

Expected Unserved Energy (EUE) 
With the changing generation mix and to make EUE a more effective metric, PAWG recommends that: 

 Hourly EUE values should be reported for every month or year (i.e., 24 data points) as this is the only 
metric which considers magnitude of loss of load events.  

 System planners estimate the cost and impact of the loss of load events using EUE as it is a useful measure 
in estimating the size of loss of load events and can be used as basis for reference reserve margin to 
determine capacity credits for variable energy resources.  

 For extreme weather conditions and common mode failure events, PAWG recommends using EUE RRM 
as this measure quantifies events impacts on system reliability.  
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Introduction  

 
NERC recognizes that such factors as the changing resource mix, shifting demands and others can have a significant 
effect on resource adequacy. As a result, NERC is incorporating more probabilistic approaches and other ongoing 
analyses to provide further insights on how to best establish adequate reserve margins and analyze other 
reliability issues. While NERC has historically gauged resource adequacy using deterministic planning reserve 
margins, it is now exploring the expanded use of probabilistic approaches to support resource adequacy analysis.   
 

Background 
 
In this continuing effort to improve NERC’s probabilistic and deterministic assessments, the now-disbanded 
Probabilistic Assessment Improvement Task Force (PAITF) was formed in May 2015 from members of the Planning 
Committee (PC), the Reliability Assessment Subcommittee (RAS), and selected observers from industry, to identify 
improvement opportunities for NERC’s Long-Term Reliability Assessment (LTRA) and complementary probabilistic 
analysis. As a result of the PAITF recommendations1, monthly reporting of LOLH and EUE were added for the 2016 
Core Probabilistic Assessment (ProbA) report.2 The PAITF developed two reports; the NERC Probabilistic 
Assessment Improvement Plan report published in December 2015, over which possible recommendations by 
PAITF were provided based on recent LTRA key findings for NERC core and proposed coordinated special 
probabilistic assessment reports. The NERC Technical Guideline Document, which was published in August 2016, 
detailed probabilistic modeling guidelines and technical recommendations that serve as a platform for detailing 
probabilistic analytical enhancements to resource adequacy.3 
 
The PAITF defined five different widely used probabilistic resource adequacy statistics such as LOLE, LOLH, EUE, 
LOLP and LOLEV. Only LOLH and EUE have been reported in past NERC Core Probabilistic Assessment reports for 
all assessment areas.  
 
Advancing further effort towards advocating probabilistic adequacy studies, NERC formed the Probabilistic 
Assessment Working Group (PAWG) in December 2016 with a primary function to further advance the work 
initiated by the Generation and Transmission Reliability Modeling Task Force (GTRPMTF)4 and the PAITF5 for 
improving NERC’s Core probabilistic assessments.   
 
Given the evolving landscape of resource mix, this technical reference report focuses on identifying, defining, and 
evaluating more probabilistic approaches and risk metrics for ongoing analyses in order to provide further insights 
into resource adequacy assessment. This report explores the approaches and applications, of commonly used 
Reliability Risk Metrics. The foundation of the report is based on results from a NERC survey on probabilistic 
studies. In particular, the report presents survey results to the electricity sector on existing and future use of 
probabilistic studies to investigate BPS risks to reliability, results on tracking evolving emerging reliability trends. 
The report as well recommends applications for the electricity sector to use known reliability metrics to assess 
emerging issues.  

                                                           
1 Probabilistic Assessment Improvement Task Force   
2 NERC 2016 ProbA Report  
3 Probabilistic Assessment Improvement Task Force - Technical Guideline Document  
4 See: http://www.nerc.com/docs/pc/gtrpmtf/GTRPMTF%20Meth%20&%20Metrics%20Report%20final%20w.%20PC%20approvals,%20revisions.pdf  
5 Probabilistic Assessment Improvement Task Force website. 

http://www.nerc.com/comm/PC/Pages/Probabilistic-Assessment-Improvement-Task-Force-(PAITF).aspx
http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/2016ProbA_Report_Final_March.pdf
http://www.nerc.com/comm/PC/PAITF/ProbA%20Technical%20Guideline%20Document%20-%20Final.pdf
http://www.nerc.com/docs/pc/gtrpmtf/GTRPMTF%20Meth%20&%20Metrics%20Report%20final%20w.%20PC%20approvals,%20revisions.pdf
http://www.nerc.com/comm/PC/Pages/Probabilistic-Assessment-Improvement-Task-Force-(PAITF).aspx
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NERC Survey on Probabilistic Studies 
In May 2017, the NERC PAWG distributed a survey on probabilistic studies to seek information on probabilistic 

approaches adopted by NERC Regions and Assessment Areas, Balancing Authorities (BAs) and other industry 

entities in North America. The RRMs, applications, and probabilistic studies used to assess emerging reliability 

issues discussed in this report are based on the responses received from more than 70 survey participants in 

North America.6 

Survey Objectives: 
 Review the ongoing probabilistic analyses and future plans for further insights into resource adequacy 

assessment. 

 Understand the choice of probabilistic methods, tools, and selection of acceptable reliability levels used 

by NERC regions and the industry at large to assess resource and transmission adequacy. 

 Show the need to expand probabilistic studies to help assess emerging reliability issues that have an 

impact on BPS reliability. 

 Explore probabilistic approaches used that provide further insights into how to best establish adequate 

reserve margins amidst a BPS undergoing unprecedented changes.  

 Identify how members of industry define, and apply RRMs. 

 Explore applications of commonly used RRMs and how each RRM can measure different aspects of a 

system’s reliability, such as frequency, duration and magnitude of loss of load, depending on how the 

metric is defined and applied. 

 Provide recommendations on the usefulness of most commonly RRMs in assessing system adequacy.  

 

 
 
 

 

                                                           
6 More survey background information, along with the Probabilistic Studying Survey form, is included in the report as Appendices A and B. 
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Reliability Risk Metrics 

 
A key consideration for resource adequacy planning is determining how much generation is needed to serve the 
expected future load while maintaining a desired reliability level and considering uncertainty. A related issue is 
whether an overbuilding or under-building of generation can be alleviated by additional market transactions with 
neighboring systems (exports and imports). Reliability planners need accurately forecast the reliability need, 
thereby reducing the risk of overbuilding or underbuilding supply. In addition to assessing the risk to reliability, 
planners may also consider the financial cost and environmental burden of their decisions. In turn, this drives 
choices of how to ensure an adequate level of supply, such as technology type, market designs, or additional 
market transactions with neighboring systems. 
 
Traditional deterministic approaches have targeted the estimated future peak load plus a planning reserve margin. 
More robust approaches incorporate RRM that provide an estimate of the reliability of the power supply 
considering probabilistic variables. RRMs also allow system planners to better identify future needs and tailor 
their decisions accordingly. This chapter discusses common probabilistic RRMs used, basic computational 
approaches used in RRM calculations, and some considerations on their definitions, modeling and use.  

 

Basic Computational Approaches 
Generally, the probabilistic reliability indices of a system can be evaluated using one of the following two basic 
approaches: Monte Carlo Simulation and Convolution. Planners of many North American BPSs conduct resource 
adequacy/reliability analysis for identifying installed capacity requirements associated with the static reserve 
needs.   Static reserve needs refer to the amount of installed capacity that is required by the BPS to allow for 
scheduled maintenance of and random failure of resources combined with peak load growth above the expected 
amounts.  Many BPS planners identify their installed capacity requirements using some sort of resource adequacy 
criterion based on two commonly used reliability indices: the Loss of Load Expectation (LOLE, in days/year) or the 
Loss of Load Hour (in hours/year). In addition to these two reliability indices, there are BPSs that rely on a percent 
of load criterion to determine their installed capacity needs.   
 
The calculation of probabilistic reliability indices is done using either the Monte Carlo or the analytical method.  
The following is a brief discussion of these two approaches and the static versus short term reserve: 

 Monte Carlo Simulation: The Monte Carlo method simulates the actual process and random behavior of 
the system – treated as a series of experiments. Monte Carlo simulation approaches can be categorized 
as "non-sequential" and "sequential".  A non-sequential simulation process does not move through time 
chronologically or sequentially, but rather takes only the snap shot of the system state at various time. 
Non-sequential Monte Carlo simulation is also called state sampling approach.  A sequential Monte Carlo 
simulation steps through the model year chronologically, recognizing the fact that the status of a piece of 
equipment is not independent of its status in adjacent hours. It tries to simulate the failure and repair 
history of system components based on their probability distributions of their state residence time. 
Equipment forced outages are modeled by taking the equipment out of service for contiguous hours, with 
the length of the outage period being determined from the equipment’s mean-time-to-repair statistics. 
 
In both “non-sequential” and “sequential” Monte Carlo simulation, the number of artificial history 
replications must be established to achieve an acceptable level of statistical convergence. The degree of 
statistical convergence of a reliability index is measured by the standard deviation of the estimate of the 
reliability. Annual indices covering the period of interest are calculated as the average of the accumulated 
(replication) data until the variance is equal to or smaller than the selected convergence criteria.  
The “sequential” Monte Carlo simulation requires more input parameters and computation time than the 
“non-sequential” simulation.  However, the sequential simulation can model issues of concern that 
involve time correlations, such as unit starting times or deferred unplanned outages, and can be used to 
calculate indices such as frequency and duration. 
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 Analytical Method (Convolution):  The analytical method for computing resource adequacy indices 
consists of three steps:  1) the development of the load model which describes the expected system load 
with uncertainty representation to capture the variation of the demand associated with the weather and 
or economic forecast;  2) the development of the capacity model which describe the random behavior of 
the capacity resource outages and the energy generation of the intermittent resources; and  3) the use of 
probabilistic mathematics to compute the reliability indices associated with the combination of the load 
and the capacity models 
Mathematically, the combination of load and capacity models to compute reliability indices involves the 
calculation of the distribution of the difference of two random variables. If the random variables are 
continues the probability density function of their sum/difference can be obtained using the convolution 
integral. Evaluation of convolution integral is very tedious and sometimes there may not exist an analytical 
solution and therefore approximate methods such as the cumulant methods are used.  In this situation, 
the process of convolution is replaced by finding the summation of the cumulants of the distributions. If 
the random variables are discrete, the mean values of their sum/difference can be evaluated easily using 
the discrete convolution method. Some efficient discrete convolution approaches have been developed, 
such as recursive unit addition and equivalent load approaches. The computation time for these 
calculations is much faster than the Monte Carlo approach. 

 
When the resource adequacy analysis includes the interface limit between the subareas, the problem is modeled 
as a probabilistic flow network. It becomes a highly multidimensional problem and Monte Carlo simulation 
becomes more suitable.  So in the multi-area reliability analysis involving transmission interfaces, the Monte Carlo 
approach or the hybrid Monte Carlo/Analytical Approach is usually required.  
 
The following are definitions of commonly used RRMs that can be produced for different time intervals.  Some 
RRMs are best suited for determining static or long term reserve needs. Short term or dynamic reserve7 needs are 
not typically identified using RRMs.  
 
The core of evaluating system reliability is quantifying the amount of demand not served (or loss of load). Demand 
not served at hour i in the kth Monte Carlo iteration is defined in Equation 1 as follows: 
 

𝐷𝑁𝑆𝑘𝑖 = 𝑚𝑎𝑥{0 ,  𝐿𝑖 − ∑ 𝐺𝑗𝑘
𝑚
𝑗=1 }     (1) 

 
Where 𝐿𝑖 is the load in hour i, 𝐺𝑗𝑘is the available capacity of the jth generator in the kth sampling (Monte Carlo 

iteration), and m is the number of generators in the system. 𝐷𝑁𝑆𝑘𝑖 is the amount of demand not supplied in hour 
i, in the kth iteration (in MW). 
 
Iki is a Boolean variable representing whether there is demand not supplied in hour i, in the kth iteration using 
the following definition:  
 

𝐼𝑘𝑖(𝐷𝑁𝑆𝑘𝑖) = {
0 𝑖𝑓 𝐷𝑁𝑆𝑘𝑖 = 0
1 𝑖𝑓 𝐷𝑁𝑆𝑘𝑖 ≠ 0

       (2) 

 
   
Below are definitions of the common RRM used in industry for reliability assessments. 

                                                           
7 Dynamic or short term reserve is a reserve requirement that changes according to the size of the largest contingency or the two largest 

contingencies the operator is trying to protect. 
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Loss of Load Hours (LOLH) 
Definition 
Loss of Load Hours (LOLH) is generally defined as the expected number of hours per time period (often one year) 
when a system’s hourly demand is projected to exceed the generating capacity. This metric is calculated using 
each hourly load in the given period (or the load duration curve).  
 

Methods for Calculation-Computation Methods  
LOLH is calculated in two steps: 
1. Count the number of hours where there is loss of load in each iteration, Equation 3. 
2. Average the number of hours (from step 1) across all iterations, Equation 4. 
 
Monte-Carlo 
These two steps are shown in the equation below 
 

𝐿𝑂𝐿𝐻𝑘 = ∑ 𝐼𝑘𝑖
𝐻
𝑖=1         (3) 

 
Where 𝐿𝑂𝐿𝐻𝑘 is the loss of load duration (in hours)  in the kth iteration, i is a variable representing each hour, H 
is the total number of hours in the study period such as 8760, and 𝐼𝑘𝑖 is a Boolean variable representing whether 
there is demand not supplied in hour i, in the kth iteration. LOLH can be then calculated as shown in equation (4): 
 
 

𝐿𝑂𝐿𝐻 =
1

𝑁
∑ 𝐿𝑂𝐿𝐻𝑘

𝑁
𝑘=1         (4) 

 
Where k is an index representing an iteration, and N is the total number of iterations.  
 
Analytical   
The analytical method used to determine the hourly loss of load probability for each hour i of the study period 
can be described by the following formula: 

 

𝐿𝑂𝐿𝐻 = ∑ 𝐿𝑂𝐿𝑃𝑖
𝐻
𝑖=1         (5) 

 
Where i is variable representing each hour,  H is the total number of hours in the study period such as 8760, and 
𝐿𝑂𝐿𝑃𝑖 is the Loss of Load Probability in hour i. Equation (5) is also valid in a Monte-Carlo context, provided that 

𝐿𝑂𝐿𝑃𝑖 =
1

𝑁
∑ 𝐼𝑘𝑖

𝑁
𝑘=1 . 

 
Classic analytic calculations would use monthly or annual random variable distributions for which these equations 

would not work8.  
 

Considerations on the Use of LOLH 

LOLH should be evaluated using all hours, rather than just peak periods. It can be evaluated over seasonal, monthly 
or weekly study horizons. LOLH does not inform of the magnitude or the frequency of loss of load events, but it is 
used as a measure of their combined duration. LOLH is applicable to both small and large systems and is relevant 
for assessments covering all hours (compared to only the peak demand hour of each season). LOLH provides 

                                                           
8 Please see Appendix C-2 for example of LOLP calculation. 
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insight to the impact of energy limited resources on a system’s reliability, particularly in systems with growing 
penetration of such resources. Examples of such energy limited resources include: 

 Demand Response programs, which can be modeled as resources with specific contract limits including 
hours per year, days per week, and hours per day constraints, 

 Energy Efficiency programs, which can be modeled as reductions to load, with an hourly load shape impact 

 Distributed resources, such as behind the meter PV, which can be modeled as reductions to load, with an 
hourly load shape impact 

 

Loss of Load Events (LOLEV) 
 
Definition 
Loss of Load Events (LOLEV), also known as Loss of Load Frequency (LOLF), is defined as the number of events in 
which system load is not served in a given time period. A LOLEV counts the expected frequency of continuous loss 
of load hours.  
 

Methods for Calculation-Computation Methods  
LOLEV is calculated on all hours, not just daily peak hours. Both Monte Carlo and Convolution methods can be 
used for evaluating this metric. The risk metric is evaluated using the following formula in Monte Carlo simulation: 
 

𝐿𝑂𝐿𝐸𝑉 =
1

𝑁
∑ 𝐿𝐿𝑂𝑘

𝑁
𝑘=1         (6) 

 
Where LLOk is the total number of loss of load occurrences, k is an index representing each iteration, and N is the 
total number of iterations. 

 

Considerations on the Use of LOLEV 
LOLEV does not reflect magnitude or duration of loss of load but rather counts how many loss of load events 
occurred for a consecutive amount of hour(s) in a given time period.  LOLEV is useful if considered alongside other 
metrics specified in this report when evaluating capacity planning decisions.  For example, a system where the 
LOLH and LOLEV are approximately equal would indicate that most events are short in duration, more precisely 
LOLH and LOLEV are the average duration of outages.   
 
LOLEV does not take into consideration the duration or magnitude of the individual involuntary load shed events. 
The LOLEV metric does not differentiate between events that last for one hour or for several continuous hours, 
nor an event where the loss of load is for one or several hundred megawatts of load. Note that this is not a 
probability index, but a frequency of occurrence index. 
 
The LOLEV is also useful for systems where planners are concerned about the potential for multiple loss of load 
events in a single day.  Other metrics, such as LOLE, cannot capture the risk associated with multiple events over 
the course of a given interval, typically a day. Multiple LLO events are much more likely to occur with significant 
addition of VER. As a result, resource planners may underestimate the potential for loss of load events.   
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Loss of Load Expectation (LOLE) 
Definition 
LOLE is defined as the expected number of days per time period (usually a year) for which the available generation 
capacity is insufficient to serve the demand at least once per day. LOLE counts the days having loss of load events, 
regardless of the number of consecutive or nonconsecutive loss of load hours in the day. 9 

 
Methods for Calculation-Computation Methods  
 
Using a Monte-Carlo technique, the calculation equation is as shown below: 
 

LOLE days/day = 
1

𝑁
∑ [

1

𝐷
∑ 𝐸𝑘,𝑑]𝐷

𝑑=1
𝑁
𝑘=1       (7.1) 

 
 

LOLE days/period = 
1

𝑁
∑ ∑ 𝐸𝑘,𝑑

𝐷
𝑑=1

𝑁
𝑘=1      (7.2) 

 
Where, 𝑑 is a variable representing a day, 𝐷 is the total number of days, 𝑘 is a variable representing an iteration, 
𝑁 is the total number of iterations, and 𝐸𝑘,𝑑 is a Boolean variable describing whether there was at least one hour 
of loss of load in the day: 
 

𝐸𝑘,𝑑 = {
0 𝑖𝑓 𝐿𝑂𝐿𝐻𝑘,𝑑 = 0

1 𝑖𝑓 𝐿𝑂𝐿𝐻𝑘,𝑑 ≠ 0
     (8) 

 
Where 𝐿𝑂𝐿𝐻𝑘,𝑑 is the loss of load duration for a day for each iteration, shown below is the calculation equation:  

 

𝐿𝑂𝐿𝐻𝑘,𝑑 = ∑ 𝐼𝑘𝑖
𝐻𝑑
𝑖=1       (9) 

 
Where 𝑖  is a variable representing each hour, and 𝐼𝑘𝑖 is a Boolean variable representing whether there is demand 
not supplied in hour i, in the kth iteration, and 𝐻𝑑  is the total number of hours in a day being evaluated 
 
Analytical Technique 
Using an analytical technique, the LOLE can be calculated using the equation below: 
 

LOLE = ∑ max [𝑖=1
𝐻𝐷

𝑑=1 (𝐿𝑂𝐿𝑃𝑖)])]      (10) 
 

Considerations on the Use of LOLE 
Entities could evaluate all hours of a given time period when 
calculating LOLE, especially when considering the impactof  
changing resource mix (particulary DERs and VERs) is having 
on the daily load distributions of many areas across the BPS.  
With the addition of intermittent resources, it is becoming 
more difficult to argue that there is not liklihood of loss of 
load during unmodeled hours such as off-peak or weekend 
hours. 
 
Based on the Probabilistic Survey Study results, 74 percent of 
entities using LOLE evaluate all hours (8,760 hours/year), while 16 

                                                           
9 Industry experts utilize various techniques from evaluating only the daily peak hour, subset of daily hours, or all daily hours. More on this 

topic under the “Considerations on the Use of LOLE” section. 

Figure 1. Breakdown of Hours Evaluated in 
LOLE Calculations –Survey Results  
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percent only evaluate the daily peak hours (365 hours/year). The remaining 10 percent consists of two entities, 
one of which excludes daily peaks on weekends and the other only evaluates the summer and winter peak hour.  
Also, to allow easy comparison between entities, it is recommended that entities report the time period and hours 
associated with their LOLE calculation and the reasoning behind their approach. For instance, the LOLE evaluated 
on just the daily peak hours will always be equal to or less than an LOLE based on all hours. System characteristics, 
such as the kurtosis (relative peakiness) of the daily load profile, hourly generator performance, and other factors, 
determines the magnitude of the delta between the two LOLE calculations. 
 
This is illustrated using a generic system example, shown in Appendix B, where one iteration (#5) did not have loss 
of load during the peak hour. This iteration impacts the LOLE daily peak hours vs. all hours calculations. In this 
case the all hours LOLE of 2 is greather than the daily peak hours LOLE of 1.8. 

 
 

Loss of Load Probability (LOLP) 
 
Definition 
This is defined as the probability of system daily peak or hourly demand exceeding the available generating 
capacity during a given period. The probability can be calculated either using only the daily peak loads (or daily 
peak variation curve) or all the hourly loads (or the load duration curve) in each study period.  
 

Methods for Calculation-Computation Methods  
A Monte-Carlo based approach is based on the mathematical process of random sampling from the generation 
availability and demand distributions and re-iterating the process to determine how many times there is a loss of 
load.  The number of Loss of Load events divided by the number of possible Loss of Load events is the calculation 
of LOLP. 
 
Formula (Using Monte-Carlo Sampling): 

1. Assume Gjk is the available capacity of the jth generator in the kth sampling, and m is the number of 

generators in the system; 

System Available Capacity = 


m

j

jkG
1

    (11) 

2. Li is the load at the ith hour; 

iL  

3. Demand Not supplied 𝐷𝑁𝑆𝑘,𝑖 in the kth sampling; If Load is less than System Available Capacity this 

equation will equal 0. 

 

𝐷𝑁𝑆𝑘,𝑖 = 𝑚𝑎𝑥{0, 𝐿𝑖 − ∑ 𝐺𝑗𝑘
𝑚
𝑗=1 }    (12) 

 

4. If Load is greater than Generation Availability, set 𝐼𝑘,𝑖  = 1, otherwise 0; 

𝐼𝑘,𝑖 = 𝑚𝑎𝑥 {0, 𝐿𝑖 {
0 𝑖𝑓 𝐷𝑁𝑆𝑘,𝑖 = 0 

1 𝑖𝑓 𝐷𝑁𝑆𝑘,𝑖  ≠ 0
}    (13) 

5. N is the number of replications; LOLP is the count of the times load is greater than availability divided by 

the number of samplings; 

𝐿𝑂𝐿𝑃 =
1

𝑁
∑ 𝐼𝑘

𝐾
𝑘=1      (14) 
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Reviewing the formulas above, it is important to note that the LOLP calculation using a Monte-Carlo approach is 
a count of how many test periods produce a loss of load in each sample.  Therefore, the calculation is highly 
dependent on what periods are being analyzed.   

Considerations on the Use of LOLP 
LOLP can be calculated for any study period based on numerous time increments of the study period.  Either way, 

the calculation is the same, the count of the periods with loss of load divided by the total number of periods in 

each sample.  

 

Expected Unserved Energy (EUE) 
 
Definition 
The EUE is the summation of the expected number of megawatt hours of demand that will not be served in a 
given time period as a result of demand exceeding the available capacity across all hours. EUE is an energy-centric 
metric which considers the magnitude and duration for all hours of the time period, calculated in megawatt hours 
(MWh).  
 
This measure can be normalized based on various components of an Assessment Area (i.e., total of peak demand, 
Net Energy for Load, etc.). Normalizing the EUE provides a measure relative to the size of a given Assessment Area. 
One example of calculating a Normalized EUE part per million or ppm is defined as. 
 

𝐸𝑈𝐸 (𝑝𝑝𝑚) =
𝐸𝑈𝐸 (𝑀𝑊ℎ)

∑ 𝐿𝑖
𝑛
𝑖=1

∗ 106      (15) 

 

Methods for Calculation-Computation Methods  
EUE can be calculated using Monte Carlo or convolution, by applying the following formula: 

𝐸𝑈𝐸 =
1

𝑁
∑ 𝐸𝑁𝑆𝑘

𝑁
𝑘=1       (16) 

Where 𝐸𝑁𝑆𝑘 is Energy Not Supplied in 𝑘th iteration, and N is the total number of iterations. 

 
 
Considerations and Recommendations on the Use of EUE   
 
EUE is the only metric which considers magnitude of loss of load events. With the changing generation mix, to 
make EUE a more effective metric, hourly EUE should be reported for every month or year (24 data points).  
 

Summary of Reliability Risk Metrics 
System needs can be described using three characteristics; frequency, duration, and magnitude. As shown in the 

summary table 1 below, each Reliability Risk Metric allows planners to identify one or multiple of these 

characteristics.    
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Table 1: Survey of Reliability Risk Metrics 

RRM Frequency10 Duration11 Magnitude 
Hours 
Considered 

Calculation 
Method 

LOLH No Yes No All Hours 
Monte Carlo or 
Convolution 

LOLEV Yes No No All Hours Monte Carlo or 
Convolution 

LOLE Yes Yes No Peak Hours or 
All Hours Monte Carlo 

LOLP Yes Yes No All Hours Monte Carlo or 
Convolution 

EUE Yes Yes Yes All Hours Monte Carlo or 
Convolution 

 

 

                                                           
10 Frequency is the count of the number of loss of load events over a particular period of time or in a given sample. 
11 Duration is the length of time of a loss of load event. 
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Applications  

 
Although common reliability metrics such as LOLE, LOLP and LOLEV have been used extensively for a long time, 
they are not metrics used in the NERC Core Probabilistic Assessment to avoid potential conflicts with regional 
practices based on different methods. 
 
How members of industry define, and apply these 
reliability metrics may vary. This section sheds some light 
on metrics applications by the industry at large 
to find commonality and consistencies 
throughout RRM based on results from an 
industry survey. 
 

LOLP 
LOLP can be used to determine the probability 
or likelihood of event due to insufficient 
capacity.  LOLP can be compared across studies 
and areas as the probability of occurrence, in 
between 0 and 1 producing results on a common 
spectrum. 
 

EUE 
Among survey responses, 20 of them calculate 
EUE in their probabilistic studies. EUE is widely 
used not only in probabilistic studies but also in other planning studies since it is an important indicator of system 
adequacy and easy to calculate. EUE is very useful in estimating the size of loss of load events so the planners can 
estimate the cost and impact of the loss of load events. EUE can be used as basis for reference reserve margin to 
determine capacity credits for variable energy resources. In addition, EUE can be used to quantify the impacts of 
extreme weather, common mode failure etc. 
 

LOLH 
As demonstrated by the results of the attached survey, the LOLH metric is computed by a large number of entities 
in North-America. However, only one entity, uses this metric as a reliability criterion, with their criterion set at 2.4 
hours per year. 
 
Outside of North America, this metric appears to be more widely used as a reliability criterion, particularly in 
Western Europe, with criteria ranging from 3 to 8 hours per year.  
 

LOLE 
The majority of entities conducting loss of load expectation studies primarily use LOLE to establish resource 
adequacy criteria. Criteria development Entities may also leverage other metrics and factors in their criteria 
development to determine a sufficient reserve margin to maintain an adequate level of system reliability. LOLE 
generally helps inform integrated resource planning, market-based resource procurement, generator 
interconnection queue projects, and other planning activities. 
Some system planners may also choose to optimize their resource adequacy criteria based on other factors than 
LOLE, such as, but not limited to, expected unserved energy (EUE), system and societal costs, and the risk 
averseness of their regulating bodies and end-use customers. Consider the analogy of an individual’s 
determination of the appropriate driving speed; the criteria to travel down the highway. The miles per hour (mph) 
metric is inversely analogous to LOLE, measured at any given point in time, while the speed limit is one criteria, 
similar to the industry standard 0.1 days per year LOLE, which influences the driver’s ultimate decision to align 

Figure 2: Survey-Based Results on the Use of 
Reliability Risk Metrics  



Introduction 

 

NERC | Probabilistic Adequacy and Measures Report | February, 2018 
19 

mph to an optimal driving speed. The driver may choose to drive to the posted speed limit, or may choose to 
optimize based on other factors such as car performance and the driving patterns of others on the highway. The 
drivers’ (system planners’) criterions may vary given the highways (systems) they are operating on. 
 

LOLEV 
The LOLEV metric is useful in systems that are concerned with the frequency of events, regardless of duration or 
magnitude.  It is also useful for systems where events may occur multiple times in a single day, such as systems 
with a high load factor, indicating a flatter load shape (e.g. systems with predominately industrial load) or where 
the system is sensitive to forced outages from larger generators. In such cases, the LOLEV metric may better 
estimate system risk than the traditional LOLE metric.   
 
Some jurisdictions do not differentiate between LOLEV and LOLE.  In these cases, the resource adequacy standard 
is defined as, “one expected event per ten years.” Systems using this standard should be aware that this may lead 
to a higher level of reliability than applying the standard using the LOLE metric. In these cases, the metric is used 
to determine resource adequacy requirements for capacity planning purposes or for determining the planning 
reserve margin.  
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Probabilistic Studies Assessing Emerging Reliability Issues  

 
The resource mix and its delivery are transforming from large, remotely-located coal and nuclear-fired power 
plants, towards gas-fired, renewable energy limited, and distributed energy resources. These changes in the 
generation resource mix and the integration of new technologies are altering the operational characteristics of 
the grid and will challenge system planners and operators to maintain reliability. Failure to take into account these 
characteristics and capabilities can lead to insufficient capacity, energy, and Essential Reliability Services (ERS) 
(sometimes called “ancillary services”) to meet customer demands. 
 
The focus of this section is three folds; first it surveys the electricity sector existing and future use of probabilistic 
studies to investigate BPS risks to reliability; second it tracks evolving emerging trends; third, it identifies 
applications for the electricity sector to use known reliability metrics to assess emerging issues.  

 
The Use of Probabilistic Studies to Assess Emerging Issues 
Several emerging key issues have the potential to increase risks to reliability that may require mitigation to 
maintain bulk power system reliability. These issues include: 

 Resource adequacy; 

 Single-fuel dependency; 

 Nuclear uncertainty; 

 Essential Reliability Services; 

 Distributed Energy Resources; 

 VER impact on reliability; 

 Fuel security; 

 Unit outages ( nuclear generation curtailments); 

 Transmission aging;  and  

 Transmission outages.  
Previous NERC assessments showed the need to support probability-based resource adequacy assessment due to 
changing resource mix with significant increases in energy-limited resources, changes in off-peak demand, and 
other factors can have an effect on resource adequacy.12 As a result, NERC is incorporating more probabilistic 
approaches into its assessments including the development of this report. NERC PAWG examined the use of 
probabilistic studies in assessing emerging reliability issues and therefore, asked NERC regions and other members 
of the industry what emerging issues they use or may use probabilistic studies to investigate. The table below 
summarizes survey responses on key emerging reliability issues that probabilistic studies can be used to asses. 
Survey response on emerging issues echoed NERC’s key risk profiles and reliability priorities on areas of 
recommendations where further study, enhanced practices, and ongoing coordination with the industry are 
needed to ensure reliability.13 

                                                           
12 2016 LTRA Assessment  
13 ERO Reliability Risk Priorities Report, 2016  

http://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/2016%20Long-Term%20Reliability%20Assessment.pdf
http://www.nerc.com/comm/RISC/Related%20Files%20DL/ERO_Reliability_Risk_Priorities_RISC_Reccommendations_Board_Approved_Nov_2016.pdf
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Table 2: Probabilistic Studies to Support Addressing Emerging Reliability Issues 

Emerging Issue Details 

Generation Mix Changes 

 

 Risks outside of peak hours (off season) 

 Normal/extreme weather events 

 Seasonality 

 Replacement/Retirement 

 Inertia 

Integration of Variable Energy 

Resources 

 

 Capacity Credit 

 Resource Adequacy/Margin (installed capacity 
requirements/planning reserve margin) 

 Ramping/Flexibility/Regulation 
o Ancillary services 

 Pricing/Congestion 

 Tie line resource assessments 

New Technologies 

 

 Such as Energy Storage (Batteries), Electric Vehicles, Demand 
Response 

 Distributed Resources 

 Capacity Credit 

Common Mode Failure 

 

 Fuel Security/gas curtailment 

 Single Points of Disruption 

Transmission planning 

 

 Congestion 

 Stability studies 

 Dynamic studies 

 

The following table shows issues that can be addressed using probabilistic analysis and metrics that are not 

discussed in this report. PAWG recommends that NERC to delegate these issues to appropriate committees and 

working groups.  

 

Table 3: Probabilistic Studies to Support Addressing Emerging Reliability Issues 

Emerging Issue Details 

Operational Concerns 

 

 Unit commitment  

 Over-generation 

 Dispatchability 

Essential Reliability Services 

 

 Capacity Credit 

 Ramping 

 Flexibility 

 Regulation 

Asset Evaluation  Potential resource upgrades, viable replacement resources 
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Industry Application of Reliability Metrics into Emerging Issues  
This section focuses on applications by the electricity sector of reliability metrics into emerging issues.  
 

Loss of Load Probability (LOLP) 
No respondents to the industry survey were contemplating moving from a reliability criterion based on an annual 
metric (LOLE) to a reliability criterion based on LOLH. Generally, LOLH is a more suitable metric in systems with 
known energy limitations, such as systems with high levels of hydro power generation.  
 
Additionally, with the growing penetration of variable energy resources in comparison to traditional base load 
resources, either as load reducers or as supply, it is anticipated that hourly variations in load and supply will 
become less predictable. Time series models, which more accurately predict the behavior of stochastic processes 
such as the variations in wind speed and solar variations, may become more prevalent in probabilistic 
assessments. This change in modeling may in turn result in a metric such as LOLH, which captures hourly variations 
in system conditions, becoming increasingly meaningful in measuring the reliability of the system.  
 

Expected Unserved Energy (EUE) 
EUE along with value of loss load (VOLL) can be used to monetize the cost of loss of load to justify, prioritize or 
rank transmission or other capital projects. EUE can be used as basis for reference reserve margin to determine 
capacity credits for variable energy resources. In addition, EUE can be used to quantify the impacts of extreme 
weather, common mode failure etc. 
 

Loss of Load Expectations (LOLE) 
None of the respondents to the survey suggested use of LOLE for other purposes than to establish resource 
adequacy criteria. Most of the emerging issues surrounding a changing resource mix need answers to questions 
regarding energy loss, loss of load duration and frequency, as well as shifts in hourly loss of load probability from 
the historical peak time periods. 
 

Loss of Load Expected Events (LOLEV) 
The LOLEV metric can be applied to several emerging issues.  With respect to generation mix changes, it is 
excellent metric for addressing risks outside of daily peak hours or shoulder seasons.  It can also provide beneficial 
for integration studies of variable energy resources, as it recognizes that VERs can provide capacity value outside 
of daily peak hours. As the amount and percentage of distributed resources grow on systems, the LOLEV metric 
can be used for identifying adequacy shortfalls outside of the daily peak or frequency of loss of load events due 
to changing load shapes and shifting demands. 
 

Loss of Load Hours (LOLH) 
LOLH provides insight to the impact of energy limited resources on a system’s reliability, particularly in systems 
with growing penetration of such resources.  
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Conclusions 

 
The NERC Probabilistic Assessment Working Group developed this technical reference report to identify, define 
and evaluate probabilistic metrics used in the industry to advance the work of the NERC Probabilistic Assessment 
Improvement Plan Report and Technical Guidelines Report. Significant changes in the resource mix, including the 
growing penetration of variable and behind-the-meter generation, have influenced changes on load profiles and 
have challenged reliability planners’ traditional methods of gauging adequate levels of supply for the bulk power 
system.  These changes have increased the need to review these traditional, deterministic and probabilistic 
approaches to measuring the resource adequacy. As a result, NERC has analyzed these probabilistic approaches 
and created recommendations to meet these needs to assure adequate reserve margins are met and maintain 
reliability.   
 
This technical reference report explored the approaches and applications, of commonly used Reliability Risk 
Metrics. It was found that each RRM can measure different aspects of a system’s reliability, such as frequency, 
duration and magnitude of loss of load, depending on how the metric is defined and applied.  In addition, NERC 
analyzed commonalities and trends from industry on the application these probabilistic reliability metrics.  Results 
indicated that there is a degree of variability on how similar metrics are defined and applied in gauging resource 
adequacy across the industry.  Recommendations for changes to the application of RRMs were analyzed and 
discussed to improve their effectiveness.               
 
In the face of changes affecting the bulk power system, NERC will continue to review and provide guidance on the 
development of probabilistic methods for assuring resource adequacy and reliability.  These measures will allow 
better risk-informed recommendations by planners for policy makers in the face of increasing unpredictability and 
uncertainty of supply and demands, on the bulk power system.  
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Appendix A: Survey Building Blocks 

The survey grouped questions into several categories or building blocks. Each building block represents an area 

for system planners can focus attention while developing analyses and future improvement plans, as they relate 

to system supply and transmission adequacy assessments. Table 1-A shows all building blocks used in the survey. 

Some of the building blocks are out of the scope of this report and have not been covered in this report.  

Table 1-A: Probabilistic Studies Survey Building Blocks 

Building Block Purpose 

Probabilistic Studies Understand the use of probabilistic studies at the regional, assessment areas’ 
levels for: 

 Loss of load analysis, reserve margin targets and other studies and 
applications. 

 Emanating actionable measures or adequacy requirements. 

 The diversity of the frequency of studies performed. 

 Identify emerging issues where probabilistic studies can be used for their 
investigation. 

Software/Algorithm Review and assess common software and algorithms used in North America to 
assess system reliability, particularly: 

 Types of modeling complications or limitations  

 Future plans pertaining software or model development   

 Understand changes or improvements made over time or plans for the 
future to solve any limitations or model complications. 

Reliability Risk 
Metrics (RRMs) 

 Review common RRMs used such as Loss of Load Probability (LOLP), Loss 
of Load Expectation (LOLE), and Expected Unserved Energy (EUE) in 
probabilistic studies in North America. 

 Identify how RRMs are defined and evaluated and evolved over time.  

 Seek information regarding possible changes in RRMs or future plans to 
convert or add additional RRMs based on the transformation of the 
electric power grid. 

 Define how reliability criteria such as one day in 10 years is derived from 
the RRMs and how are they applied. 

Variables Request modeling information on: 

 How variables such as forecasted demand, wind and solar profiles, forced 
and maintenance outages, etc., are defined and modeled. 

 What data collection is required to model variable parameters 
probabilistically?  

Internal and External 
Support 

 How transmission constraints and network topology are represented for 
simulation 

 What level of external support or level of      detail of external systems 
modeled in the probabilistic studies are needed to meet certain risk metric 
thresholds 
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Demand Modeling  How Demand-Side Management (DSM),Distributed Energy Resources 
(DER), Behind the Meter (BTM) are captured in the probabilistic studies 

 What level of visibility required to accurately model DER and BTM in 
probabilistic studies? 

Reserve Margin Review the use and purpose of a target or reference reserve margin and how they 
are established or calculated above demand needs. 

Criteria/Methodology Understand how probabilistic models in North America are adjusted to meet 
reliability criteria if a certain risk metric threshold is not reached. 
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Appendix B: Survey Questions 

 

1. Please enter the requested information below.  

Region or Utility Name:  

Survey Respondent(s):  

Email and Phone Number:  

Date Survey Completed:  

 

2. What do you use probabilistic studies for? 

Explanation: At the regional levels probabilistic studies are used for loss of load analysis while others 

use them for reference margin setting, etc…  

Planning Reserve Margin  

Loss of Load Expectation  

Ramping Capabilities  

Effective Load Caring Capabilities 

Transmission Planning Studies 

Other (Please specify in your response)  

Comments:  

 

3. What actionable information emanates from this analysis? What information and how it is used? 

Explanation: Results from the studies can sometimes feed into actionable measures or requirements.  

 
 

4. What is the frequency of the probabilistic studies? Why? 

Explanation: Studies performed annually, seasonally, monthly, etc…   

 
 

5. What emerging issues do you use or may use probabilistic studies to investigate? 

Explanation: Emerging issues such as variable resource integration, flexible resource capabilities, etc…   

 
 

6. What software is used? 

Explanation: Examples like GE-MARS, SERVM, etc..   

 
 

7. What solving algorithm is used? 

Explanation: Examples like Monte Carlo, Convolution, etc..   
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8. Modeling complications? 

Explanation: Any limitations or complications you have run into when trying to perform the studies. 

Examples like software limitations, renewable modeling time series vs. ELCC, interconnected vs 

islanded systems, computational runtime, market parameters, etc…  

 
 

9. Changes over time? 

Explanation: Have you been able to resolve the complications, if so how?   

 
 

10. Future plans to change/add more software tools?  

Explanation: Any future plans pertaining to software development or model changes.  

 
 

11. What metrics are you using? 

Explanation: What metrics are you studying in your probabilistic studies?  Examples are Loss-Of-Load 

Probability (LOLP), Loss-Of-Load Expectation (LOLE), Expected Unserved Energy (EUE), etc…  

Loss-of-Load Probability (LOLP)  

Expected Unserved Energy (EUE)   

Loss-of-Load Hours (LOLH)  

Loss-of-Load Expectation (LOLE)  

Loss-of-Load Events (LOLEV)  

Other (please specify)  

 
 

 

12. How are the metrics defined? 

Explanation: Formulas to calculate the metrics, or what the criteria mean to you.   

 
 

13. Are the metrics based on certain hours of the day? Such as peak hours vs. all hours? 

Explanation: Sometimes metrics are only applied to the daily peak hour sometimes to all hours.   

 
 

14. What horizon is being used (weekly, monthly, seasonal, and annual)? 

Explanation: Are the metrics calculated for different time periods like an overall annual risk metric or 

weekly risk metrics?   
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15. Do different time horizons/seasons drive the use of different metrics? 

Explanation: Do you find the need to study different metrics depending on what period is being 

studied?   

 
 

16. Any plans to change and/or add risk metrics? 

Explanation: Any future plans to convert to other metrics and why?   

 
 

17. Have the metrics changed over time and why changes were made? 

Explanation: How have the metrics studied evolved over the years?   

 
 

18. Do you evaluate reliability costs as part of your probabilistic studies? 

Explanation: Some areas assess the economics of reducing risk metric values. For example, this can be 

accomplished by accounting for incremental resource capital/production costs, Value of Lost Load 

(VOLL), and costs.  

 
 

19. What criteria is derived from the metrics? And how are they applied?  

Explanation: For example a 1 day in 10 criteria is derived from LOLE metric.  

 
 

20. What variables are modeled stochastically, and parameters varied for scenario analysis? 

Explanation: i.e., Demand, Load Forecast Uncertainty, Generator Unplanned Outages, Transmission 

Unplanned Outages, Variable Resource Generation, etc.  

 
 

21. How are the variables identified in question 20 modeled? 

Explanation: Some areas use probabilistic distributions around an expected forecast and then randomly 

sample from these distributions.  

 
 

22. What data is being used to model the variables identified in question 20?  

Explanation: For example, what renewable data you collect to model your variable resources? 

GADS  data used for planned outages and maintenance.  

 
 

23. Are internal transmission constraints modeled? 

Explanation: Internal transmission constraints could be modeled in probabilistic studies by using a 

transportation model logic or a multi-area reliability model to assess the transmission import or export 

constraints that would impact system or sub-area risk metrics.  
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24. How are transmission constraints and network topology represented for simulation?  

Explanation: Examples are Nodal (all topology is modeled to the bus-level) or Zonal (All major 

constraints are modeled in a "Bubble & Pipe" representation  

 
 

25. Is external support or demand modeled in the probabilistic studies?  

Explanation: Are other areas connected to your system that might impact system or sub-area risk metrics 

through transmission import or export needs.  

 
 

26. How much external support is relied upon in the probabilistic studies?  

Explanation: Is there constant imports needed to meet certain risk metric thresholds?  

 
 

27. Does your probabilistic studies capture Demand-Side Management (DSM)? If so, describe how that 

is accomplished. 

Explanation: DR programs which are dispatchable can be modeled as energy limited resources with 

values for capacity and energy. EE programs which are typically non-dispatch able can be modeled as 

non-dispatch able resources with values for capacity and an hourly impact profile or shape.  

 
 

28. Does your probabilistic studies capture Distributed Energy Resources (DER) or Behind-The-Meter 

(BTM) generation? If so, describe how that is accomplished.  

Explanation: DR programs which are dispatchable can be modeled as energy limited resources with 

values for capacity and energy. EE programs which are typically non-dispatch able can be modeled as 

non-dispatch able resources with values for capacity and an hourly impact profile or shape.  

 
 

29. If so, what level of BTM or DER visibility do you have to model such variables? 

Explanation: Is there a way that you capture what may or may not have been contributed to the system 

by these types of variables?  

 
 

30. Do you establish a target or reference reserve margin?  

Explanation: Amount of capacity above demand needs for reserve purposes.  

 
 

31. If so, how is the target or reference reserve margin calculated and how is the reserve margin applied 

to the assessment area?  
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Explanation: Some areas set a reference reserve margin based on a Loss-Of-Load Expectation (LOLE) 

of 1-day-in-10 criteria.  

 
 

32. What is the purpose of setting the reference reserve margin?  

Explanation: Is it set for compliance reasons, state & provincial requirements, or best practices.  

 
 

33. For your modeling, how do you adjust your system to meet reliability criteria if a certain risk metric 

threshold is not reached?  

Explanation: Examples would be adjust load or adjust resources.  

 
 

34. What other types of data/details not discussed above are included in your probabilistic modeling? 

Explanation: Anything not discussed above that you believe is important to note in your probabilistic 

studies? (Without going into specific details on modeling or results).   
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Appendix C-1: Reliability Risk Metrics Calculations Monte Carlo 

Approach 

The following example applied to a generic system simplifies the calculations of RRM using simulation methods. This 
example shows two days of MW demand and available supply in five simulations or iterations of available supply. 
Table 1 shows the values in all hours of: 

 Demand Not Supplied (DNS) which is the MW supply minus demand as seen in the highlighted cells of Table 
1-C. 

 The count of loss of load hours, a count of each hour in all five simulations where demand is exceeding supply 
for that hour. 

 Hourly LOLP is calculated by dividing the count of loss of load in each hour by the number of simulations or 
iterations.  

 
Table 2-C shows the values in each iteration of the following: 

 Loss of load periods: This is a count of hours where demand exceeds supply for each iteration.  

 Loss of Load Occurrences (LLO): this is a count of consecutive periods where demand exceeds supply. 

 LLO Days: this is a counter of the number of days where loss of load events occur.  
 
 

Table 1-C: Generic System Demand & Available Supply 

Hour (i) 
Demand 

in MW (L) 

Available Supply in MW, 5 iterations Supply Minus Demand14 in MW, 5 iterations Count of 
LOL Hour 

Hourly 
LOLP 

1 2 3 4 5 1 2 3 4 5 

1 10,221 12,699 12,444 13,005 12,798 13,357     2,478      2,223      2,784      2,577      3,136  0 0 

2 9,878 13,026 13,496 12,878 12,919 12,741     3,148      3,618      3,000      3,041      2,863  0 0 

3 9,622 12,761 13,108 12,437 12,146 12,273     3,139      3,486      2,815      2,524      2,651  0 0 

4 9,487 13,700 13,090 13,372 12,298 12,757     4,213      3,603      3,885      2,811      3,270  0 0 

5 9,476 12,563 13,411 13,467 12,366 13,288     3,087      3,935      3,991      2,890      3,812  0 0 

6 9,659 12,487 12,895 12,643 13,673 13,583     2,828      3,236      2,984      4,014      3,924  0 0 

7 10,141 13,105 12,804 12,775 13,045 12,663     2,964      2,663      2,634      2,904      2,522  0 0 

8 10,907 12,490 12,040 12,965 13,423 12,691     1,583      1,133      2,058      2,516      1,784  0 0 

9 11,937 12,662 12,802 13,379 13,124 13,125        725         865      1,442      1,187      1,188  0 0 

10 12,453 12,939 11,924 13,167 13,568 12,225        486        (529)        714      1,115        (228) 2 0.4 

11 12,616 13,144 12,456 12,965 12,331 12,356        528        (160)        349        (285)       (260) 3 0.6 

12 12,685 13,860 12,878 12,780 12,492 13,401     1,175         193            95        (193)        716  1 0.2 

13 12,569 12,938 12,691 12,512 12,679 12,332        369         122          (57)        110        (237) 2 0.4 

                                                           
14 Highlighted cells are Demand Not Supplied (DNS) 
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14 12,386 13,135 12,217 12,490 12,642 12,664        749        (169)        104         256         278  1 0.2 

15 12,267 13,453 12,122 13,329 12,719 12,810     1,186        (145)     1,062         452         543  1 0.2 

16 12,015 12,205 12,793 12,980 13,135 13,293        190         778         965      1,120      1,278  0 0 

17 11,830 12,567 12,698 12,268 12,587 13,316        737         868         438         757      1,486  0 0 

18 12,110 12,928 12,604 11,938 12,234 12,881        818         494        (172)        124         771  1 0.2 

19 14,041 12,863 13,629 11,985 13,503 13,130    (1,178)       (412)    (2,056)       (538)       (911) 5 1 

20 14,379 12,213 13,035 13,177 12,857 14,484    (2,166)    (1,344)    (1,202)    (1,522)        105  4 0.8 

21 14,062 13,276 12,867 13,177 12,942 12,402       (786)    (1,195)       (885)    (1,120)    (1,660) 5 1 

22 13,497 13,276 13,016 12,772 13,021 13,563       (221)       (481)       (725)       (476)           66  4 0.8 

23 12,419 13,432 13,028 13,477 12,929 12,576     1,013         609      1,058         510         157  0 0 

24 10,900 13,159 12,580 13,341 13,092 12,636     2,259      1,680      2,441      2,192      1,736  0 0 

1 10,266 12,700 12,444 13,012 12,800 13,357     2,434      2,178      2,746      2,533      3,091  0 0 

2 10,196 13,033 13,500 12,887 12,921 12,743     2,837      3,304      2,690      2,725      2,547  0 0 

3 9,846 12,767 13,111 12,439 12,152 12,280     2,921      3,264      2,592      2,305      2,434  0 0 

4 9,729 13,701 13,094 13,382 12,307 12,760     3,972      3,365      3,653      2,578      3,031  0 0 

5 9,829 12,568 13,420 13,473 12,370 13,296     2,739      3,591      3,644      2,541      3,467  0 0 

6 9,949 12,495 12,901 12,647 13,675 13,586     2,546      2,952      2,698      3,726      3,637  0 0 

7 10,412 13,109 12,804 12,776 13,050 12,669     2,697      2,393      2,364      2,639      2,258  0 0 

8 11,064 12,495 12,050 12,966 13,428 12,695     1,431         986      1,902      2,364      1,631  0 0 

9 12,397 12,666 13,811 13,386 13,128 13,130        269      1,413         989         731         733  0 0 

10 12,714 12,948 11,926 13,173 13,569 12,232        234        (787)        460         855        (481) 2 0.4 

11 12,901 13,148 12,460 12,969 12,334 12,364        247        (442)           68        (567)       (537) 3 0.6 

12 13,013 13,861 12,884 12,783 12,502 13,403        848        (129)       (230)       (511)        391  3 0.6 

13 13,030 12,946 12,694 12,521 12,686 12,340         (84)       (336)       (509)       (344)       (690) 5 1 
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14 12,658 13,137 12,227 12,498 12,647 12,668        479        (431)       (160)         (10)           10  3 0.6 

15 12,340 13,456 12,130 13,330 12,723 12,815     1,117        (209)        991         384         475  1 0.2 

16 12,095 12,213 12,793 12,986 13,143 13,301        118         698         891      1,048      1,206  0 0 

17 11,982 13,025 12,946 12,278 12,594 13,321     1,043         964         296         613      1,339  0 0 

18 12,315 12,933 12,606 11,938 12,243 12,884        618         291        (377)         (72)        569  2 0.4 

19 14,329 12,866 13,636 11,989 13,510 13,138    (1,463)       (693)    (2,340)       (819)    (1,191) 5 1 

20 14,593 12,214 13,037 13,179 12,861 14,492    (2,379)    (1,556)    (1,414)    (1,732)       (101) 5 1 

21 14,104 13,283 12,873 13,180 12,946 12,407       (821)    (1,232)       (924)    (1,158)    (1,697) 5 1 

22 13,826 13,280 13,016 12,774 13,024 13,569       (546)       (810)    (1,052)       (802)       (257) 5 1 

23 12,533 13,442 13,035 13,483 12,932 12,580        908         502         949         399            47  0 0 

24 11,366 13,164 12,583 13,341 13,094 12,644     1,797      1,217      1,975      1,728      1,278  0 0 

 

Table 2-C: Loss of Load Statistics 

 Available Supply (G) 

Iteration # 1 2 3 4 5 

Count of LOL Periods 9 18 14 15 12 

Count of LOLE Occurrences (LLO) 3 5 4 4 7 

Number of day where least a single LLO occurs 2 2 2 2 2 

 
 
Calculations of common RRM as shown in Table 3-C using demand and available supply data of the generic example 
are as follows: 

 LOLH: is determined by computing the average loss of load duration over all iterations as follows: 

𝐿𝑂𝐿𝐻 =
9+18+14+15+12

5
= 13.6 Hours/period 

Alternatively, the LOLH can be arrived at by summing the hourly LOLP over all 48 hours of the simulation:  
𝐿𝑂𝐿𝐻 = 0 + 0 + ⋯ + 0.4 + 0.6 + 0.2 + 0.4 + ⋯ + 0.8 + 0.2 + 0.2 + ⋯ + 0 = 13.6 hours. 

 LOLEV: is determined by computing the average of the LOLE Occurrences (LLO) as follows: 

 𝐿𝑂𝐿𝐸𝑉 =  
3+5+4+4+7

5
 𝐸𝑣𝑒𝑛𝑡𝑠/period 

 LOLE Days/day: is determined by averaging the summation of the peak hour loss of load probability for each 
day as follows: 

𝐿𝑂𝐿𝐸 =  
0.8+1

2
= .9 𝐷𝑎𝑦 /day 
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 LOLE days/period: is determined by the summation of the peak hour loss of load probability for each day as 
follows: 

LOLE = 0.8 +1 = 1.8 Days/period 
  
 

 LOLP: is determined by dividing the summation of the Loss of load periods by the total number of iterations 
multiplied by the number of hours as follows: 
 

𝐿𝑂𝐿𝑃 =  
9+18+14+15+12

5×48
 × 100(%) = 28.33%     

 EUE: is determined using equation (16) as the summation of the amount of demand not supplied in all hour 
for all iterations divided by the total number of iterations.  

 
EUE = (9,644+11,060+12,103+10,149+8,250)/5=10,241 

 

Table 3-C: Calculations of Reliability Risk Metrics (RRM) 

LOLH (Hours/period) 13.6 

LOLEV (Events/period) 4.60 

LOLE (Days/day) 

LOLE (Days/period) 

0.9 

1.8  

LOLP (%) 28.3 

EUE (MWh)     10,241 

 
Figure 1-C shows second iteration supply, demand, and loss of load events in day one and day two. Using iteration 
two, three loss of load events in day 1 are found whereas 2 loss of load events in day 2.  

 

 
 

 
 
 

Figure 1-C. Generic System Loss of Load Events –Iteration 2  
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Appendix C-2: Reliability Risk Metrics Calculations –Analytical 

Approach 

 
The examples in this Appendix show the calculations of LOLP index using analytical methods based on given load 
profile and generation unit Forced Outage Rate (FOR).  
 
This Appendix covers two analytical methods based on discrete marginal density: the conventional analytical method 
and the Equivalent Load Method.  
 
Conventional Analytical Method 
The conventional analytical method for computing resource adequacy indices consists of three steps:   
1) The development of the load model which describes the expected system load with uncertainty representation to 
capture the variation of the demand associated with the weather;   
2) The development of the capacity model which describe the random behavior of the capacity resource outages and 
the energy generation of the intermittent resources; and   
3) The use of probabilistic mathematics to compute the reliability indices associated with the combination of the load 
and the capacity models. 
 
The third step is a convolution procedure. For a large system, most of the computation time is used at the third step 
if the number of load levels is large. 
 
Equivalent Load Method 
Another method, known as equivalent load method, simplified the three steps into two steps:  
1) compute a suitable load model.  
2) Modify the load model directly by the parameters of each unit. 
 
After the load model is modified by all units. The probability (and frequency) for each load level is obtained and each 
load level can be interpreted as a margin so that the probability and frequency of each margin can be directly 
computed. 
 
The equivalent load method is especially useful for Demand Response (DR) resource. One can estimate the expected 
number of DR resource required at certain margin at which the DR is called on. One can also estimate how long the 
DR will be required in each event.  
 
A summary of the analytical approach for computing resource adequacy indices in form of conventional and 
equivalent load methods is provided below. Numerical examples are presented to illustrate the calculation of the 
LOLP and marginal distribution. 
 
Derivation of required calculation formula 
 
The random variable in the analysis of generation system reliability is the capacity Y with a given probability 
distribution. Two functions of this random variable (r.v.) are of interest, the cumulative probability, Pr(Y< y), and the 
cumulative frequency, Fr(Y<y), in which y is a discrete capacity level.  
 
A more useful r.v. for the purposes of analysis is the capacity loss X of a unit, which is defined by: 
 

                                                               𝑋 = 𝑍 − 𝑌                                                              (1) 
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Where: Z is rated capacity of the unit. The corresponding functions for capacity loss are defined as Pr(X>x) and Fr(X> 
x).  Where x is given by: 

                                                                𝑥 = 𝑍 − 𝑦                                                               (2) 
 

The relationship of the probability and frequency represented by X and Y can be expressed as follows: 
 

 
 

 
In the discrete r.v. case the probability is: 

 

 
 
 

The probability P(xk) is usually known as cumulative probability while Pk is known as an exact state probability or 
probability density. Thus the reliability characteristics of a power system element can be described by a variable xi. 
the outage capacity. It takes on discrete values xi (i = 0, 1 … N). X0 indicating no outage and XN- I indicating total element 
failure. Of more interest are the cumulative probability and the cumulative frequency, P(xi) and F(xi), in (5) and (7). 

 

 
 
 

Suppose that C is an element produced by the parallel connection of two elements A and B in a power system. The 
exact probability is: 

 

 
 

Where pa (.). pb (.) and pc (.) are the exact state probabilities of elements A, B and C respectively and Nb, is the number 
of states in element B. 

 
The cumulative probability is then given by Eq.(5): 
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Expressions equivalent to (9) and (10) are: 

 
 

For frequency function one obtains: 

 
 

The cumulative frequency is: 
 

 
 
 

If fb, pb are represented by cumulative probability and frequency then: 
 
 



Appendix C-2: Reliability Risk Metrics Calculations –Analytical Approach 

 

NERC | Probabilistic Adequacy and Measures Report | February, 2018 
38 

 
 

If the summation is over the states of system A, an equivalent expression is: 
 

 
 
 

The reliability characteristics of power system elements are thus described by the probability and frequency 
associated with the r.v. X outage capacity. A tabulation of this probability and frequency functions for discrete values 
of X is called the generation system model. At present, the conventional approach using discrete distribution method 
to calculate frequency and duration indices for a given power system proceeds in three basic steps: 
 
(1) Develop a suitable capacity model from the parameters of the individual generating units.  
(2) Develop a suitable load model from the given data over the period of study. 
(3) Combine the capacity model with the load model to obtain a probabilistic model of system capacity adequacy. 
 
The load model used in the LOLP method is usually the cumulative curve of daily peak loads. Most electric power 
utilities can provide load data such as peak load and daily or hourly load curve. The load model is developed by a 
single scan of the hourly load data and has the following form: 

 
Pl(Li).F(Li) = Probability and frequency of load equal to or greater than Li, 
Where: L i+1- Li = Z,  Z is constant  
 
One cannot predict the reasonable number of load levels for a particular system and load before computation. A 
small value of Z is therefore chosen, making the number of load levels large. The result is that a convolution of two 
large models will appear in the third step. From the analysis of number of operations, we shall see that most of the 
computation time is used at the third step. 
 
In the third step, the capacity model and load model are combined to yield the probability and frequency of the 
margin states. Margin is defined to be the available capacity- minus load and a cumulative margin state contains all 
states with margin less than or equal to the specified margin.  
 
Similar to (9) and (10) one obtains: 
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Where: pg(.). pl(.) are the exact state probabilities in generation model and load model respectively. Similarly Pg(.),  
PI(.) are cumulative probabilities in generation and load model respectively. 
 
Similar to (12) and (13) one obtains: 

 

 
 

 
Where: 
p(M), f(M) -- Probability and incremental frequency of margin M. 
P(M), F(M) = Probability and frequency, of margin less than or equal to M. 
Fg(M),Fl(AM) =Components of F(M) due to generation and load change respectively. 
C = Installed capacity minus capacity on planned outage. 
x = Capacity outage in state I, x0 = 0 and X N-1= C. 
N = Number of capacity outage states. 

 
The above is a derivation of the conventional analytical method.  The following is a description of the equivalent Load 
method. 
 
Equivalent load approach  
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In equivalent load method each unit model is viewed as a load model with state capacities represented by negative 
load values and combined with load model. The probability and frequency are computed for each load level L. At the 
end an equivalent load model is obtained. The reliability indices associated with each load level in the equivalent load 
model are equal to the indices of corresponding negative margin in the conventional method. Denote - M by an 
equivalent load Le. i.e. Le = -M and suppose Ci = C -  
xi =capacity of a unit or subsystem in state i. then we have: 
 

 
 

 
Also from (19) one gets: 

 
 

 
Numerical Example 
 
The methodology is explained by a simple example system.  Only the LOLP calculation is presented.  For frequency 
and duration the reader can find in the related reference. 
 
The load and capacity for the 10 hour-example are shown below: 

 
Load Data and Load Model 

 

 
 

 
 
 
 
 
 
 
 
 
 

Hour 1 2 3 4 5 6 7 8 9 10

MW 20 20 100 100 150 150 20 20 20 100

Load (MW) Prob. 

Cumulative 

Prob.

0 0.5 1

50 0 0.5

100 0.3 0.5

150 0.2 0.2
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Unit Parameters and Capacity Model 

 
 
 

Capacity outage probability table of this system 

 
 

System Margin 
The density function of system available capacity C(Y) where Y is a random variable representing the system available 
capacity in MW.  If we define generation margin as the amount by which the system available capacity exceed the 
system peak load on any day, then  
 

(Generation) Margin = Available Capacity – (Daily peak) Load 
 

The Generation margin is also a random variable, Z, in MW with the relationship 
 

Z= Y- X 
 
The probability density of system margin, M(Z), must be determined from the densities of load and capacity. 
 
The System Margin can be a discrete or continuous random variable.  
 
One can discretize the load density by dividing it into a number of discrete intervals.  This results in a discrete 
approximation to the continuous margin density.  The accuracy of the discrete margin approximation is improved by 
selecting a large number of intervals of small MW size.   
 
Discrete System Margin Density  
 
A full Binomial Capacity model is used for illustration.   
 
Since the load and available capacity random variables are independent, the Margin density is given by the following 
relationship.  

 

𝑀(𝑍) = ∑ 𝐶(𝑌)𝐿(𝑌 − 𝑍)

𝑌

 

 
 Where for each value of Z the summation is taken over all values of available capacity, Y.   
 

Unit Index Unit Capacity

Failure 

Rate

Repair 

Rate

Forced 

Outae 

Rate

1 50 0.1 0.9 0.1

2 50 0.1 0.9 0.1

3 50 0.1 0.9 0.1

Capacity In Capacity outage Probability

Cumulative 

Probability

150 0 0.729 1

100 50 0.243 0.271

50 100 0.027 0.028

0 150 0.001 0.001
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As describe in previous Equations Reliability Indices Computation is performed by combining the capacity model with 
the load model to obtain a probabilistic model of system capacity adequacy. 

 
Using Conventional Analytical Method 

 
We can get the Marginal distribution based on the load and capacity distribution previously calculated.  This is the 
marginal state matrix. 

 

 
 

The probability associated with each marginal state is shown below: 
 

 
 
 

The marginal distribution is calculated as: 
 

 
 
 

Using Equivalent Load Method 
 

In a large system the number of state of both load model and capacity model usually are large.  So the marginal state 
matrix is a large two dimensional matrix. 
  
In the equivalent load method we can avoid to calculate the each element of this large two Dimension matrix.  Instead 
the marginal distribution is calculated by convolving one unit capacity mode at a time.  This successive updating of 
marginal distribution started with the original load distribution.  The right three columns in the following Table show 
the marginal distribution after adding each unit.  

 
 

Load 0,        

Prob. 0.5 

Load 100, Prob. 

0.3

Load 150, Prob.   

0.2

Cap In 150 MW Cap Out 0 , Prob. 0.729 150 MW  50 MW 0 MW 

Cap In 100 MW Cap Out 50, Prob. 0.243 100 MW 0 MW -50 MW 

Cap In 50 MW Cap out 100, Prob. 0.027 50 MW -50 MW -100 MW 

Cap In 0 MW Cap Out 150, Prob. 0.001 0 MW -100 MW -150 MW 

Load 0 MW Load 100 MW load 150 MW

0.5 0.3 0.2

Cap In 150 MW 0.729 0.3645 0.2187 0.1458

Cap In 100 MW 0.243 0.1215 0.0729 0.0486

Cap In 50 MW 0.027 0.0135 0.0081 0.0054

Cap In 0 MW 0.001 0.0005 0.0003 0.0002

Margin (MW) (Cap in ,  Load) Pair Prob. 

Cumulative 

Prob.

150 (150, 0) 0.3645 1

100 (100,0) 0.1215 0.6355

50 (50, 0), (150, 100) 0.2322 0.5140

0 (0, 0), (100, 100), (150, 150) 0.2192 0.2818

-50 (50, 100), (100, 150) 0.0567 0.0626

-100 (0, 100), (50, 150) 0.0057 0.0059

-150 (0, 150) 0.0002 0.0002
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Results using the IEEE-RTS (Reliability Testing System 96) 
 

The equivalent load method presented has been used to study the IEEE-RTS96. 
 
Portion of Reliability Indices for IEEE-RTS96 are shown below:  
 

 

Equivalent Load 
Approach [1] 

LOLP 0.001072587 

EUE (MWh/year) 1176.2931 

LOLH (hour/year) 9.3959 

 

 
 

 
 

 
 
[1] “Equivalent Load Method for Calculating Frequency & Duration Indices in Generation Capacity Reliability 
Evaluation” Quan Chen; Chanan Singh IEEE Transactions on Power Systems Year: 1986, Volume: 1, Issue: 1 Pages: 101 
- 107 

Equivelent load Cumulative of Original Load

cumulative 

Prob. After   

Unit #1

cumulative 

Prob. After 

Unit #2

cumulative 

Prob. After 

Unit #3

-150 1 1 1 1

-100 1 1 1 0.6355

-50 1 1 0.595 0.514

0 1 0.55 0.505 0.2818

50 0.5 0.5 0.257 0.0626

100 0.5 0.23 0.041 0.0059

150 0.2 0.02 0.002 0.0002
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Appendix D:  Additional Resource Adequacy Metric 

 

Conditional Value at Risk (CVaR) 
Conditional Value at Risk (CVaR) measures the expected (weighted average) outcome of tail-end events. It is 
commonly used in the financial sector to minimize economic risk when developing investment portfolios. For power 
system applications, CVaRα is used to assess the expected value of the α-percent worst outcomes. For example, the 
CVaR95 metric measures the expected curtailment magnitude over the worst 5-percent of potential outcomes. It has 
a very desirable mathematical property, namely that it is coherent,15 which means that it satisfies the properties of 
monotonicity, sub-additivity, homogeneity, and translational invariance. As a continuous function it is readily 
incorporated into convex and linear programing optimization models, e.g. the objective function minimizes CVaR 
(risk).   
 
CVaR is currently used by Power Systems Research, Inc. in Brazil.16 The Northwest Power and Conservation Council 
also uses this variable as a cost risk measure in its system expansion model.17 Viable system expansion plans for the 
Pacific Northwest are those with the lowest expected cost over the 10 percent highest cost years (CVaR90). The 
Council is currently considering using CVaR as a potential adequacy metric.18    
Definition 

Conditional Value at Risk (CVaRα), as a power supply adequacy metric, is the probability-weighted average value of 

the lowest surplus (capacity minus load) over the (100 – α) percentile of possible outcomes (where α typically 

ranges from 90 to 99). Generally, it is defined as the conditional expected surplus of all outcomes less than or equal 

to the Value at Risk (VaRα), which is defined as the surplus value at the (100 – α) percentile.  

CVaR can be assessed using either Monte-Carlo or Probability-Convolution methods, depending on which is more 

appropriate.      

 Simple Numeric Example 
Suppose a Monte-Carlo simulation produces the following 100 sorted results: 
{-100, -99, -98… -1}, with each result being equally likely. For an α-threshold of 95 percent, the results of interest are 
the lowest 5 percent, namely {-100, -99, -98, -97, -96}. For this α-threshold, there is a 5 percent chance that a result 
will be equal to or less than -96, thus the corresponding VaR95 value is -96. CVaR95 then is the average of all of the 
values from this distribution that are equal to or less than VaR95. Thus, for this example, CVaR95 = (– 100 – 99 – 98 – 
97 – 96) / 5 = – 98.     

CVaR Calculation for a Monte-Carlo approach 

For a Monte-Carlo approach, the lowest peak-hour surplus from each simulation is recorded. These surplus values 
are then sorted from lowest to highest. CVaRα is the average of the surplus values that are less than or equal to VaRα, 
that is, those that fall into the (100 – α) percentile. Therefore,         

                                                           
15 “Optimization of Conditional Value at Risk,” R. Tyrrell Rockafellar, Stanislav Uryasev 
https://sites.math.washington.edu/~rtr/papers/rtr179-CVaR1.pdf  
16 “Stochastic Programming Models for Energy Planning,” PSR, Mario Veiga Pereira, June 27, 2016 
https://icsp2016.sciencesconf.org/file/251300  
17 Seventh Northwest Conservation and Electric Power Plan, February 10, 2016,  
https://www.nwcouncil.org/media/7149906/7thplanfinal_appdixl_rpm.pdf  
18 “Review of Supply Adequacy Criteria in the Northwest,” Power Systems Research, Inc., August 2011 
https://www.nwcouncil.org/media/10358/vfinal_Review_of_Power_SupplyAdequacy_Criteria_in_the_Northwest_Region.pdf  

https://en.wikipedia.org/wiki/Monotonicity
https://en.wikipedia.org/wiki/Sub-additive
https://en.wikipedia.org/wiki/Homogeneity_(statistics)
https://en.wikipedia.org/wiki/Translational_invariance
https://sites.math.washington.edu/~rtr/papers/rtr179-CVaR1.pdf
https://icsp2016.sciencesconf.org/file/251300
https://www.nwcouncil.org/media/7149906/7thplanfinal_appdixl_rpm.pdf
https://www.nwcouncil.org/media/10358/vfinal_Review_of_Power_SupplyAdequacy_Criteria_in_the_Northwest_Region.pdf
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where:  

α = Percentage used to define the values at risk, e.g. those in the (100 – α) percentile, 

Si = Surplus (capacity minus load) for the ith simulation, 

N = Number of Simulations, 

Nα = Simulation number of the (100 – α) percentile of N.  

Table 1-D below shows sorted surplus values from a created 100-simulation data set that includes the NERC sample 

data (containing only 5 simulations). The VaR95 is the surplus value for the 5th percentile of the sorted simulations. 

For this example Nα is 5. Thus, VaR95 is –2458 megawatts and CVaR95 is –2528 megawatts (the average surplus of 

simulations 1 through 5). Figure 1-D illustrates VaR95 and CVaR95 graphically. 

Table 1-D – Surplus Outcomes for a Monte-Carlo Simulation 
Simulation Surplus  

1 -2598  

2 -2563  

3 -2528  

4 -2493  

5 -2458 VaR95 

6 -2423  

7 -2388  

: :  

13 -2166 NERC Data 

: :  

16 -2066 NERC Data 

: :  

28 -1660 NERC Data 

: :  

32 -1522 NERC Data 

: :  

37 -1344 NERC Data 

: :  

99 843  

100 878  
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Figure 1-D: Sorted Surplus Values from a Monte-Carlo Simulation 

 

CVaR Calculation for a Probability-Convolution Approach 

For a Probability-Convolution approach, CVaRα is calculated as the probability-weighted average surplus for those 

values equal to or less than VaRα (see Figure 2-D below for an example of α = 95 percent). 

Figure 2-D: VaR95 and CVaR95 for a Probability Density Distribution 

 

The general expression for CVaR using a Probability-Convolution method is provided below. This method works well 

if the probability density distribution for surplus is well defined. CVaRα is the definite integral evaluated from minus 

infinity to VaRα of the surplus S times the probability density function P(S), divided by the definite integral of the 

probability density function over the same limits.    






 
















VaR

VaR

dSSPS
VaRS

dSSPS

VaRSSECVaR )(
)100/(1

1

]Pr[

)(

]|[  

where: 
S = Surplus (capacity minus load),  
P(S) = Probability density distribution for surplus, 
VaRα = Surplus for which the area under the probability curve from minus infinity to VaR is α. 
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From the load and generation sample data provided by NERC, the highest hourly deficit for each day is selected from 
the 5-day hourly surplus/deficit data. The collected daily data are sorted as follows (-2166, -2056, -1660, -1522, -
1344) and their populations are calculated using a 500-MW bin, which are listed in Table 2-D. 

 

Table 2-D – Surplus Population Distribution  

Left Bin Boundary (MW) Right Bin Boundary (MW) Population 

-2600 -2100 1 

-2100 -1600 2 

-1600 -1100 2 

 
 
However, CVaR analysis requires more than 3 data points and ideally should include a few hundred data points. 
Therefore, a Gaussian function has been derived 
 

 
 
where A = 2.2, s-bar = -1350 and σ = 570 to closely fit these 3 points and provide enough data to properly calculate 
CVaR. The Gaussian function and the 3 data points are plotted in Figure 3-D below. 
 

Figure 3-D: Gaussian Function Fit (red curve) to the NERC Surplus Data Bins (blue squares) 

 
To enable further CVaR analysis, the Gaussian f(s) is transformed into a probability density p(s) by normalization, 
 

 
 
which by design results in p(s) being just the Normal Distribution and is plotted in Figure 4-D below.  

 
Figure 4-D: Probability density function of surplus/deficit 

0

0.5

1

1.5

2

2.5

-4000 -3000 -2000 -1000 0 1000 2000Po
p

u
la

ti
o

n
 in

 S
u

rp
lu

s 
B

in

Surplus (MW)



Appendix C-2: Reliability Risk Metrics Calculations –Analytical Approach 

 

NERC | Probabilistic Adequacy and Measures Report | February, 2018 
48 

 
 
The value of VaR95 is defined to be the value s at which the probability density has accumulated the lowest 5% of the 
population or equivalently the value s at which the left area under p(s) has reached (1 – 0.95) = 0.05: 
 

 
The integral in Equation (1) is evaluated iteratively via a Riemann sum approximation: 
 

 
 

where VaR95 ≈ sN. The Riemann sum in Equation 2 is evaluated using the sequence               (s1… s28) = (-3700…-2350) 
where ∆s = 50 and (s29… s32) = (-2340…-2310) with a smaller interval ∆s = 10 to obtain a more precise determination 
of s32 = -2,310, at which the sum is approximately 0.05. The first member of the sequence s1 = -3700 was chosen 
due to the fact that p(s1) ≈ 1.43 x 10-7 was small enough to be a good representation of minus infinity where p(s) = 0. 
Hence, since  
 

 
 

then VaR95 ≈ 0.05, then Var95 ≈ s32 = -2310. Finally, CVaR95 is just the p(s)-weighted average of s in the interval from 
minus infinity to VaR95 and is calculated as 
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Agenda Item 5.e 
PC Meeting 
March 7, 2018 

 
Geomagnetic Disturbance Mitigation Research Work Plan Update 

Action 
Discussion  
 
Background 
On September 22, 2016, FERC issued Order No. 830 approving Reliability Standard TPL-007-1 − 
Transmission System Planned Performance for Geomagnetic Disturbance (GMD) Events. In the 
order, FERC directed NERC to take the following additional actions: 

• Revise the TPL-007 Reliability Standard through the standards development process; 

• Submit a GMD research work plan to FERC; and 

• Collect GMD-related data pursuant to NERC Rules of Procedure Section 1600.  

NERC filed the preliminary research work plan developed with FERC on May 30, 2017. On 
October 19, 2017, FERC issued an order accepting NERC’s preliminary plan and directing NERC 
to file its revised plan by April 19, 2018. The NERC Board of Trustees adopted proposed TPL-
007-2 in November 2017, and NERC filed the proposed standard on January 22, 2018.  

NERC and Electric Power Research Institute (EPRI) initiated the GMD research work plan in 
November 2017. Over 20 utilities and Independent System Operators (ISO) are participating in 
the EPRI GMD project that runs through early 2020 and addresses all research plan tasks 
identified in Order No. 830. With technical support from GMD researchers, the project includes: 

• Continued analysis and sensitivity testing of the benchmark GMD event and latitude 
scaling factors to support accurate GMD Vulnerability Assessments;  

• Further development of earth models available to entities to improve their usability and 
applicability for calculating geomagnetically-induced currents (GIC); and 

• Development of harmonics analysis guidelines and tools for entities to use in performing 
system-wide assessment of GMD-related harmonics. 

EPRI project managers and technical developers will update the GMD Task Force (GMDTF) 
regularly on the project and provide the GMDTF with opportunities to review project reports. 
EPRI provided an update on the status of the research work plan and discussed industry needs 
with the GMDTF on January 31, 2018. Work is underway on all tasks specified in FERC Order No. 
830. NERC staff will file an updated research work plan with FERC in April 2018 as directed, 
specifying research activities, responsibilities, and timelines.  

The GMDTF is also reviewing a transformer thermal impact assessment tool developed by EPRI 
to support entities with requirements in TPL-007. Additionally, the GMDTF will review 
stakeholder comments from the GMD Data Request posting which ends March 26, 2018.  
 
Summary 

Leave blank for participant notes 



Agenda Item 5.f 
Planning Committee 
March 7, 2018 

 
Special Reliability Assessment on Accelerated Conventional Generation Retirements  
 
 
Action 
Discussion 
 
Background 
In May 2017, NERC solicited policy input from stakeholders on future special reliability 
assessments and discussed topics with the Member Representatives Committee (MRC). NERC 
proposed conducting an assessment of the potential impacts on Bulk-Power System reliability 
that could be caused by accelerated retirements of large amounts of coal-fired and nuclear 
generation resources. The assessment topic was selected to align with the work of the 
Reliability Issues Steering Committee (RISC) and other NERC reliability assessments. 
 
NERC is conducting a two-part assessment: 

• Part I: Review regional processes for managing reliability impacts of generation 
retirements, identify potential issues, and develop recommendations for NERC, 
policymakers, and industry stakeholders. Part I will be based on published regional 
planning processes and narrative input provided by Regional Entities and NERC 
assessment areas. 

• Part II: Analyze system studies of the potential effect of accelerated coal-fired and 
nuclear generation retirements on Bulk-Power System reliability during various 
conditions such as system events (N-1 planning contingencies, generator fuel-supply 
contingencies, and extreme weather conditions). System studies are being performed in 
partnership with participating utilities and RTOs.  

 
NERC Staff worked with ERO-RAPA to develop the assessment scope and solicited feedback 
from RAS and PC in December 2017. In January 2018, NERC Staff engaged industry participants 
including PSE&G, Exelon, ReliabilityFirst, PJM, Texas RE, and ERCOT. 
 
Status 
Initial studies are being conducted by industry participants. NERC staff will discuss preliminary 
results with Regional Entities and assessment areas to develop a draft report, which is 
anticipated prior to June 2018. NERC staff will also seek ERO-RAPA, RAS, and the Planning 
Committee feedback in development of the final report.  
 
 
Summary 
Leave Blank for meeting participant notes 



Agenda Item 5.g 
Planning Committee 
March 7, 2018 

 
Reliability Standards Project 2015-10 Single Points of Failure (Proposed TPL-001-5) 
 
 
Action 
Discussion 
 
Background 
Reliability Standard TPL-001-5 revises the prior version of the TPL-001 standard in three key 
respects:  
 
• To address reliability issues concerning the study of single points of failure on Protection 

Systems, as identified in Federal Energy Regulatory Commission (FERC) Order No. 754 
issued September 15, 2011 and the NERC Planning Committee System Protection and 
Control Subcommittee and System Analysis and Modeling Subcommittee September 2015 
report titled Assessment of Protection System Single Points of Failure Based on the Section 
1600 Data Request;  

• To address directives from FERC Order No. 786 issued October 17, 2013, in which FERC 
approved Reliability Standard TPL-001-4; and  

• To replace references to the MOD-010 and MOD-012 standards, which have been 
superseded by the MOD-032 Reliability Standard.  

 
The standard drafting team (SDT) developed the revisions in the proposed TPL-001-5 to address 
the above directives and replace the Reliability Standard references. 
 
Summary 
 



Agenda Item 5.h 
PC Meeting 
March 7, 2018 

 
Advanced Modeling Grid Research (AMGR) Program (DOE) 

Action 
Discussion 
 
Background 
The electric power industry has undergone extensive changes over the past several decades 
and become substantially more complex, dynamic, and uncertain, as new market rules, 
regulatory policies, and technologies have been adopted. As the electric delivery system 
continues to evolve, the availability of more detailed data will help improve the system’s 
reliability, resiliency, security, and flexibility. 
Working with the large volume and variety of data to make it more relevant to grid 
operators/planners and utilities, however, poses significant challenges that will requires 
significant advancements in algorithms and computational approaches. 
To address these challenges, OE's Advanced Modeling Grid Research Program objectives are to: 

• Support the transformation of data to enable preventative actions rather than reactive 
responses to changes in grid conditions; 

• Direct the research and development of advanced computational and control 
technologies to improve the reliability, resiliency, security, and flexibility of the nation’s 
electricity system; 

• Help utilities prevent blackouts and improve reliability; 
• Support improvement of the performance of modeling tools and computations that are 

basis of the grid operations and planning; and 
• Support the tracking and expansion of the use of quantitative risk and uncertainty 

methods by federal and state level energy system decision makers regarding energy 
infrastructure investments. 

To achieve these objectives, OE’s Advanced Modeling Grid Research Program is advancing work 
in four main areas:  Data Management and Analytics; Mathematical Methods and Computation; 
Modeling and Simulation; and Tools and Decision Support. 
In achieving this vision, OE is fostering strategic, university-based power system research 
capabilities.  Such partnerships facilitate additional research and development, and enable 
industry (and ultimately, consumers) to capitalize on the benefits of making this wealth of data 
more accessible and actionable.  
Proposed motion language, if applicable: 
 
Summary 
Leave Blank for meeting participant notes 
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	i. Member Roundtable
	i. 2017-2018 Winter Weather Impacts and Observations
	6. Closing Remarks – Brian Evans-Mongeon
	7. Adjournment
	8. Future In-person Meetings
	a. June 5-6, 2018 | New Orleans, LA
	b. September 11-12, 2018 |Minneapolis, MN
	c. December 11-12, 2018 | Atlanta, GA
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	Item 4a. Background Material - PC Charter
	Agenda Item 4.a
	Planning Committee
	March 6, 2018
	Planning Committee Charter
	Action
	Approve
	Background
	The Planning Committee Executive Committee (PCEC) and NERC staff have developed revisions to the PC charter. The charter was last approved by the NERC Board of Trustees in August 2016. The revisions are intended to:
	 Provide more specific Action Without a Meeting policy, including authority and processes for the PCEC to act on behalf of the committee (Section 3);
	 Clarify the meaning of committee actions on deliverables (Approval, Endorsement, Acceptance, and Authorization to Post) (Appendix 2); and
	 minor revisions for clarity throughout the document.
	PC leadership will present the proposed charter to the PC for approval during the meeting. Following PC approval, the charter will be provided to the NERC Board at their next scheduled meeting. 
	Proposed motion language: I move for the Planning Committee to approve the PC Charter as presented. 
	Summary
	Leave Blank for meeting participant notes
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	Item 4b. Background Material - ERSWG PC Agenda March 4b_final
	Agenda Item 4.b.
	Planning Committee
	March 6-7, 2017
	Essential Reliability Services Working Group (ERSWG) Technical and Policymaker-Regulator Briefs
	Action
	Approve
	Background
	The NERC Planning Committee and Operating Committee charged the Essential Reliability Services Working Group (ERSWG) to consider reliability issues that may result from the changing generation resource mix and was charged with evaluating and developing “Sufficiency Guidelines” for each quantifiable measure. These sufficiency guidelines were proposed in the “Essential Reliability Services Whitepaper on Sufficiency Guidelines” in December 2016.
	The ERSWG has now assisted the relevant subcommittees of the PC and OC in assuming the ongoing assessment activities for essential reliability services measures using applicable data. In each of the documents, a process outlining the future work for the measures and/or data collection has been created. Updates to information since the 2016 report are included when necessary. All briefs are included in the meeting materials for your approval. The final NERC formatting will be applied once any provided feedback is incorporated into these documents.
	After completing these documents, it is anticipated that the ERSWG will have completed its current charter and ERSWG will ask to be formally disbanded at the June PC and OC meetings.
	Proposed motion language: Move for approval of the following documents from the ERSWG:
	i. Technical Brief on ERS Measures 1, 2, and 4 Frequency Response using a Forward Looking Frequency Analysis
	ii. Brief for Regulators and Policymakers on ERS Measures 1, 2, and 4 Frequency Response using Forward Looking Frequency Analysis
	iii. Disposition of ERS Measure 3: Synchronous Inertial Response at the BA Level
	iv. Technical Brief on ERS Measure 6 using Forward Looking Net Demand Ramping Variability
	v. Technical Brief on Data Collection Recommendations for Distributed Energy Resources
	Summary
	Leave Blank for meeting participant notes
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	Item 5a. Background Material - Addressing Assessments recommendations
	Agenda Item 5.a
	Planning Committee
	March 7, 2018
	Plan for Addressing Reliability Standard and Guideline Recommendations from Recent Reliability Assessments
	Action
	Information
	Background
	Two reliability assessments published in 2017 recommended industry and NERC consider potential Reliability Standard improvements and/or Reliability Guideline development. The recommendations made in each assessment are provided below:
	1. Special Reliability Assessment: Potential Bulk Power System Impacts Due to Severe Disruptions on the Natural Gas System: NERC, with industry’s support, should enhance its Reliability Guidelines and/or Standards as necessary to include additional planning and operating requirements for analyzing disruptions to the natural gas infrastructure and their impacts on the reliable operation of the bulk power system (BPS). The standards should include developing and deploying mitigation plans to address reliability risks caused by outages of significant natural gas infrastructure. 
	2. 2017 Long-Term Reliability Assessment (LTRA): NERC should conduct a comprehensive evaluation of its Reliability Standards to ensure compatibility with nonsynchronous and distributed energy resources as well as for completeness related to essential reliability services, generator performance, system protection, and control, and balancing functions. 
	Next Steps
	The recommendations made in each assessment and in the most recent ERO Reliability Risk Priorities report capture high priority emerging risks to the BPS due to the changing resource mix. NERC has identified some existing activities and needed initiatives to address these recommendations. It is expected that each recommendation will have separate initiatives since they require different technical expertise.
	1. Recommendation from Natural Gas Disruption Assessment: NERC will need the support of the Planning Committee (PC) to evaluate and identify potential enhancements to the existing transmission planning Reliability Standard (e.g., TPL-001-4) or a Reliability Guideline. Additional clarity for Transmission Planners and Planning Coordinators may be needed to ensure extreme events, (e.g., natural gas pipeline, storage or supply disruptions) are considered in planning and support mitigation and recovery actions. 
	Action: The PC formed an advisory group to develop an action plan and coordinate PC efforts. The advisory group will review the BPS reliability risks associated with severe disruptions on the natural gas system, make recommendations on Reliability Standard enhancements if needed, and identify the need and scope for a Reliability Guideline. An action plan will be presented at the next Members Representative Committee meeting for policy input.
	2. Recommendation from 2017 LTRA: There are significant activities in progress to address this recommendation. The current activities include: 
	a. Distributed Energy Resources: The Distributed Energy Resources Task Force report identified the need for a revision to the MOD-032 Reliability Standard to ensure applicability of Distribution Providers and their obligation to share any pertinent data related to distributed resources with Transmission Planners and Planning Coordinators.
	b. Inverter-Based Resources: The Inverter-Based Resources Task Force was established in the second half of 2017 to explore the performance characteristics of utility-scale inverter-based resources (e.g., solar photovoltaic and wind power resources) directly connected to the BPS. Recommended performance characteristics will be developed along with other recommendations related to inverter-based resource performance, analysis, and modeling. The technical materials will support Generator Owners with inverter-based resources and equipment manufacturers by 1) providing recommended performance characteristics, 2) improving dynamic modeling capability and practices, and 3) ensuring reliability through detailed system studies. 
	c. Frequency Control and Balancing: Under the direction of the Operating Committee, the Resources Subcommittee is actively addressing potential changes to the BAL-003 Reliability Standard to ensure sufficient generator and system performance during frequency excursions. A Standard Authorization Request (SAR) is in place and a project is identified within the Reliability Standards Development Plan for 2018-2020.
	d. Reactive Power Requirements for Nonsynchronous Generation: The 2017 LTRA identified a potential trend of increasing amounts of reactive power being supplied by nonsynchronous resources (e.g., inverter-based generating resources, and transmission-connected dynamic reactive power electronic devices such as static VAR compensators (SVCs) or static synchronous compensators (STATCOMs)). While all these technologies can supply dynamic reactive power support, NERC Reliability Standards should be assessed to ensure the standards are comprehensive and actively account for advanced technologies that supply reactive power. Performance specifications and coordination of these devices may be needed as they are replacing reactive power support from the conventional synchronous resources and classical reactive power sources (e.g. fixed and switched shunts).  Inventory, projections, and performance data are needed to evaluate the risk. In 2018, the Planning Committee will include the following work tasks: 
	i. The Reliability Assessment Subcommittee is tasked with collecting forward projections of these reactive resources to forecast future penetrations and reliability risk.
	ii. The System Analysis and Modeling Subcommittee is tasked with assessing the applicability of transmission-connected reactive power resources to relevant Reliability Standards (e.g. PRC-024-2 and MOD-025-2), and address any potential reliability gaps.
	Action: The Standing Committee Coordinating Group will support the review the plans, monitor the progress and direct additional activities of these technical committees. A detailed plan of action will presented at the next Members Representative Committee meeting for policy input.

	Item 5b. Background Material - RISC Report
	Agenda Item 5.b
	Planning Committee
	March 7, 2018
	Review of RISC’s ERO Reliability Risk Priorities Report
	Action
	Discussion
	Background
	On February 8, 2018, the NERC Board accepted the 2018 ERO Reliability Risk Priorities Report (RISC Report). The RISC Report reflects the RISC’s determination of the most pressing risks to the BPS taking into account input from stakeholders, particularly from discussions held during the Reliability Leadership Summit on March 21, 2017.
	The RISC Report includes nine risk profiles, and each is mapped against the likelihood and impact further described in the RISC report. This mapping represents the unmitigated or inherent risks of each risk profile as determined by the RISC. Regardless of the categorization, all risk profiles warrant attention as the rapidly changing BPS can quickly raise the risk. Each risk profile includes a description of the risk and recommendations for mitigation.
	The RISC Report is used by the Planning Committee (PC) and other industry stakeholders as input to strategic planning processes. PC leadership is reviewing the report recommendations and identifying PC objectives and activities that should be considered by the PC for inclusion in the PC Strategic Plan and other guiding documents. 
	Click here to download the RISC Report
	Summary
	Leave Blank for meeting participant notes

	Item 5c. Background Material - RISC-Resilience-Framework
	Agenda Item 5.c
	Planning Committee
	March 7, 2018
	Resilience Framework
	Action
	Discussion
	Background
	During the Member Representatives Committee’s February 2018 meeting, Peter Brandien, RISC Chair, presented the following framework proposed by the RISC regarding BPS resilience:
	1. Develop a common understanding and definition of the key elements of BPS resilience;
	2. Understand how these key elements of BPS resilience fit into the existing ERO framework; and
	3. Evaluate whether there is a need to undertake additional steps within the ERO framework to address these key elements of BPS resilience beyond what is already in place and underway in connection with ongoing ERO Enterprise operations, including work being undertaken by each of the NERC standing committees.
	The RISC suggested the National Infrastructure Advisory Council’s (NIAC’s) Framework for Establishing Critical Infrastructure Goals is a credible source for further understanding and defining resilience. The NIAC framework includes four outcome-focused abilities:
	1. Robustness – the ability to absorb shocks and continue operating; 
	2. Resourcefulness – the ability to skillfully manage a crisis as it unfolds; 
	3. Rapid Recovery – the ability to get services back as quickly as possible; and 
	4. Adaptability – the ability to incorporate lessons learned from past events to improve resilience. 
	The RISC highlighted ERO Enterprise activities within these four areas, as shown in the table below. The NERC Board of Trustees (Board) requested that the RISC move forward with the resilience framework, with the next step being to request input from the standing committees on respective activities addressing resilience. Specifically, the RISC is requesting the following input on or before March 28, 2018, using the table below as a reference:
	1. The committee’s views on how bulk power system (BPS) resilience is currently being addressed within the scope of the committee’s responsibilities; and
	2. Any additional activities the committee believes should be undertaken.
	The RISC will then review and summarize this information, together with any additional views and recommendations it may have, for discussion at the May 2018 MRC meeting.

	Item 5d. Background Material - Prob Assessment Report
	Agenda Item 5.d
	Planning Committee
	March 7, 2018
	Probabilistic Adequacy and Measures Technical Reference Report
	Action
	Discussion
	Background
	The Planning Committee (PC) work plan assigned the NERC Probabilistic Assessment Working Group (PAWG) with the task of reporting on industry on use of probabilistic studies and developing recommendations for application in assessing emerging reliability risks. The attached draft report is based on results of a NERC industry survey and information gathered from NERC Regions and Assessment Areas. 
	Key findings in the report include:
	 There are variations in how a reliability criterion is defined and interpreted in existing practices in the assessment areas across the U.S. and Canada;
	 The majority of entities in North America conducting resource adequacy studies primarily use Loss of Load Expectation (LOLE) metric to establish a single resource adequacy criterion. In turn, the LOLE RRM generally helps inform integrated resource planning, market-based resource procurement, generator interconnection queue projects, and other planning activities;
	 About one third of survey respondents use the Expected Unserved Energy (EUE) metric for assessing reliability. EUE provides insight to the impact of energy limited resources on a system’s reliability, particularly in systems with growing penetration of such resources;
	 The choice of probabilistic methods and selection of acceptable adequacy levels are still matters of judgment and differ from Region to Region and from assessment area to assessment area and even utility to utility in some cases;
	 Most Assessment Areas are already using or are considering probabilistic approaches to assess emerging reliability issues;
	 There is a recognized need to support probability-based resource adequacy assessment resulting from the changing resource mix with significant increases in variable and energy-limited resources (intermittent in nature), changes in net demand profiles resulting in the shifting of the hour of the peak demand, and other factors can have an effect on resource adequacy;
	The report recommends:
	 Entities may leverage other metrics and factors in their criteria development to determine a sufficient reserve margin to maintain an adequate level of system reliability, especially for systems with a diverse generation mix and variable energy resources;
	 NERC should continue to incorporate more probabilistic approaches into its assessments, and continue to review and provide guidance on the development of probabilistic methods for ensuring resource adequacy and reliability;
	 NERC should continue conducting periodic reviews of risk metrics and criteria used to assure they are clear and properly structured for existing and emerging risks;
	 As entities and system planners identify emerging reliability issues or large changes on their system (e.g. change in size, resource mix, etc.), they should evaluate whether the incorporation of additional RRMs could improve their assessment of risks to reliability.
	The Reliability Assessment Subcommittee (RAS) reviewed the draft report at their February in-person meeting. PAWG made subsequent revisions, and the RAS is reviewing the revised report through March 2, 2018. Once finalized with RAS, the report will be provided to the PC for review and approval vote.
	Summary
	Leave Blank for meeting participant notes
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	Item 5e. Background Material - Geomagnetic Disturbance Mitigation Research Work Plan Update
	Agenda Item 5.e
	PC Meeting
	March 7, 2018
	Geomagnetic Disturbance Mitigation Research Work Plan Update
	Action
	Discussion 
	Background
	On September 22, 2016, FERC issued Order No. 830 approving Reliability Standard TPL-007-1 ( Transmission System Planned Performance for Geomagnetic Disturbance (GMD) Events. In the order, FERC directed NERC to take the following additional actions:
	 Revise the TPL-007 Reliability Standard through the standards development process;
	 Submit a GMD research work plan to FERC; and
	 Collect GMD-related data pursuant to NERC Rules of Procedure Section 1600. 
	NERC filed the preliminary research work plan developed with FERC on May 30, 2017. On October 19, 2017, FERC issued an order accepting NERC’s preliminary plan and directing NERC to file its revised plan by April 19, 2018. The NERC Board of Trustees adopted proposed TPL-007-2 in November 2017, and NERC filed the proposed standard on January 22, 2018. 
	NERC and Electric Power Research Institute (EPRI) initiated the GMD research work plan in November 2017. Over 20 utilities and Independent System Operators (ISO) are participating in the EPRI GMD project that runs through early 2020 and addresses all research plan tasks identified in Order No. 830. With technical support from GMD researchers, the project includes:
	 Continued analysis and sensitivity testing of the benchmark GMD event and latitude scaling factors to support accurate GMD Vulnerability Assessments; 
	 Further development of earth models available to entities to improve their usability and applicability for calculating geomagnetically-induced currents (GIC); and
	 Development of harmonics analysis guidelines and tools for entities to use in performing system-wide assessment of GMD-related harmonics.
	EPRI project managers and technical developers will update the GMD Task Force (GMDTF) regularly on the project and provide the GMDTF with opportunities to review project reports. EPRI provided an update on the status of the research work plan and discussed industry needs with the GMDTF on January 31, 2018. Work is underway on all tasks specified in FERC Order No. 830. NERC staff will file an updated research work plan with FERC in April 2018 as directed, specifying research activities, responsibilities, and timelines. 
	The GMDTF is also reviewing a transformer thermal impact assessment tool developed by EPRI to support entities with requirements in TPL-007. Additionally, the GMDTF will review stakeholder comments from the GMD Data Request posting which ends March 26, 2018. 
	Summary
	Leave blank for participant notes

	Item 5f. NERC Retirement and Resilience assessment_background_doc_feb_14_2018
	Agenda Item 5.f
	Planning Committee
	March 7, 2018
	Special Reliability Assessment on Accelerated Conventional Generation Retirements 
	Action
	Discussion
	Background
	In May 2017, NERC solicited policy input from stakeholders on future special reliability assessments and discussed topics with the Member Representatives Committee (MRC). NERC proposed conducting an assessment of the potential impacts on Bulk-Power System reliability that could be caused by accelerated retirements of large amounts of coal-fired and nuclear generation resources. The assessment topic was selected to align with the work of the Reliability Issues Steering Committee (RISC) and other NERC reliability assessments.
	NERC is conducting a two-part assessment:
	 Part I: Review regional processes for managing reliability impacts of generation retirements, identify potential issues, and develop recommendations for NERC, policymakers, and industry stakeholders. Part I will be based on published regional planning processes and narrative input provided by Regional Entities and NERC assessment areas.
	 Part II: Analyze system studies of the potential effect of accelerated coal-fired and nuclear generation retirements on Bulk-Power System reliability during various conditions such as system events (N-1 planning contingencies, generator fuel-supply contingencies, and extreme weather conditions). System studies are being performed in partnership with participating utilities and RTOs. 
	NERC Staff worked with ERO-RAPA to develop the assessment scope and solicited feedback from RAS and PC in December 2017. In January 2018, NERC Staff engaged industry participants including PSE&G, Exelon, ReliabilityFirst, PJM, Texas RE, and ERCOT.
	Status
	Initial studies are being conducted by industry participants. NERC staff will discuss preliminary results with Regional Entities and assessment areas to develop a draft report, which is anticipated prior to June 2018. NERC staff will also seek ERO-RAPA, RAS, and the Planning Committee feedback in development of the final report. 
	Summary
	Leave Blank for meeting participant notes
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	Agenda Item 5.g
	Planning Committee
	March 7, 2018
	Reliability Standards Project 2015-10 Single Points of Failure (Proposed TPL-001-5)
	Action
	Discussion
	Background
	Reliability Standard TPL-001-5 revises the prior version of the TPL-001 standard in three key respects: 
	 To address reliability issues concerning the study of single points of failure on Protection Systems, as identified in Federal Energy Regulatory Commission (FERC) Order No. 754 issued September 15, 2011 and the NERC Planning Committee System Protection and Control Subcommittee and System Analysis and Modeling Subcommittee September 2015 report titled Assessment of Protection System Single Points of Failure Based on the Section 1600 Data Request; 
	 To address directives from FERC Order No. 786 issued October 17, 2013, in which FERC approved Reliability Standard TPL-001-4; and 
	 To replace references to the MOD-010 and MOD-012 standards, which have been superseded by the MOD-032 Reliability Standard. 
	The standard drafting team (SDT) developed the revisions in the proposed TPL-001-5 to address the above directives and replace the Reliability Standard references.
	Summary

	Item 5h. DOE AMGR Background Material
	Agenda Item 5.h
	PC Meeting
	March 7, 2018
	Advanced Modeling Grid Research (AMGR) Program (DOE)
	Action
	Discussion
	Background
	The electric power industry has undergone extensive changes over the past several decades and become substantially more complex, dynamic, and uncertain, as new market rules, regulatory policies, and technologies have been adopted. As the electric delivery system continues to evolve, the availability of more detailed data will help improve the system’s reliability, resiliency, security, and flexibility.
	Working with the large volume and variety of data to make it more relevant to grid operators/planners and utilities, however, poses significant challenges that will requires significant advancements in algorithms and computational approaches.
	To address these challenges, OE's Advanced Modeling Grid Research Program objectives are to:
	 Support the transformation of data to enable preventative actions rather than reactive responses to changes in grid conditions;
	 Direct the research and development of advanced computational and control technologies to improve the reliability, resiliency, security, and flexibility of the nation’s electricity system;
	 Help utilities prevent blackouts and improve reliability;
	 Support improvement of the performance of modeling tools and computations that are basis of the grid operations and planning; and
	 Support the tracking and expansion of the use of quantitative risk and uncertainty methods by federal and state level energy system decision makers regarding energy infrastructure investments.
	To achieve these objectives, OE’s Advanced Modeling Grid Research Program is advancing work in four main areas:  Data Management and Analytics; Mathematical Methods and Computation; Modeling and Simulation; and Tools and Decision Support.
	In achieving this vision, OE is fostering strategic, university-based power system research capabilities.  Such partnerships facilitate additional research and development, and enable industry (and ultimately, consumers) to capitalize on the benefits of making this wealth of data more accessible and actionable. 
	Proposed motion language, if applicable:
	Summary
	Leave Blank for meeting participant notes







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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